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EDITOR'S     PEEFACE, 


The  Editor  irmiB  that  the  present  Edition  of  this  Work  will  be 
fi>iind  to  embody  the  princi|Kil  results  of  the  Physiological  investigations 
tlmt  have  been  undertaken  during  the  last  four  or  five  yeai's. 

Bi>th  normal  and  pathological  Histology  and  Histo-chemistry  have 
lately  undergone  extraordinary  development^  which  has  l>een  accom- 
plished not  only  by  improvements  in  ihe  construction  of  the  microscope, 
bat  by  the  introduction  of  new  means  of  iovratigation,  as  by  Strieker's 
warm^  ^tage,  the  application  of  various  agents  to  harden  and  stain  the 
tl^nes^  and  of  new  methods  of  obtaining  sections^  m  by  the  freezing 
microtome  of  Rutherford,  by  imbedding  in  paraffin,  wax,  gum,  and  pith, 

reference  to  the  great  works  of  Strieker  and  Frey  on  the  microscopic 
■^Watomy  of  the  tis.sue«;  to  those  of  w  Gorup-Bt^anez,  and  Kiihnej  on 
phvijiological  chemistry,  and  to  that  of  Rindfleisch  on  pathology,  will 
show  at  once  that  it  i»  impossible,  even  in  a  work  of  this  magnitude,  to 
give  more  than  an  outline  of  the  more  importaut  results  of  recent 
l«8«fireh.  In  the  additions  that  have  lieen  made,  the  Editor  has  en- 
dmvored  to  keep  in  view  the  practical  character  of  the  work  as  origi- 
tiftlly  intended  by  the  Author;  and  he  has  preserved,  with  such  altera- 
tion as  appeared  to  be  requisite,  those  sections  that  especially  bear  on 
the  relations  between  phymology  and  pathology.  In  future  editionS| 
which  w^ill  be  superintended  by  other  hands,  the  extension  of  physio* 
logical  knowledge  will  probably  render  necessary  a  subdivision  of  tlie 
work  iuto  two  or  more  volumes,  one  of  which  will  deal  with  minute 
anatomy,  another  with  pnre  physiology,  and  perhaps  a  tliird  with  the 
relations  of  physiology  to  patholo^. 

In  the  Section  on  the  Blood  the  results  obtainetl  by  Brozeit  and  Stein- 
bei^  on  its  quantity;  of  Gamgec  on  its  specific  gravity;  of  Jaoobson, 
Bemhandt,  Albert,  Strieker,  KcVruer,  and  Heidenhaiu  on  its  tempera- 


VI 

ture;  of  Paquelin  and  Joly  on  its  coloring  matters;  of  Mathieu  and 
D'Urbain,  and  of  Estor  and  St.  Pierre  on  its  gases;  of  Richardson  and 
Brucke  on  the  structure  of  the  red  corpuscles;  of  Malassez  on  their  num- 
ber; and  of  Foster  and  Balfour  on  the  mode  of  their  development;  of 
Klein  on  the  structure  and  movements  of  the  white  corpuscles;  of  Binz 
and  Geltowsky  on  the  action  of  reagents  on  them;  and  of  Hoppe-Seyler 
on  their  composition;  of  Obermeier,  Lewis,  Nepveu,  Lostorfer,  and 
others,  on  spores,  germs,  and  entozoa  in  the  blood,  have  been  given 
under  their  appropriate  headings. 

So  in  the  Section  on  the  Liver,  the  results  of  Prof.  Plower's  researches 
on  its  form  and  divisions,  with  those  of  Stefian  on  its  relative  weight; 
of  Weber,  Asp,  Hering,  Heidenhain,  Flint,  Schiff,  and  Schenk  on  its 
structure;  of  Kowalewsky  on  the  pressure  under  which  the  Bile  is  ex- 
creted; of  Bogoljubow  on  the  ga^es  of  the  Bile;  of  Dalton  on  its  S{)ec- 
trum;  of  Maly,  Jafie,  Vanlair  and  Masius,  Bernard,  and  Thudichum, 
on  its  coloring  matters;  of  Brunton,  on  the  Action  of  Calomel  on  the 
Liver;  of  Pfluger,  Rohrig,  and  Munk  on  the  Action  of  the  Nerves  on  , 
its  Secretory  Activity ;  and  of  Bernard,  v.  Wittich,  Luchsinger,  Dock, 
Salomon,  Cyon  and  Aladoff,  Eckhard,  Weiss,  Scheremetjewsky,  and 
Senator,  on  its  Glycogenic  Function,  have  all  been  noticed  at  greater  or 
less  length. 

And  again,  in  the  Section  on  the  Kidney  and  its  secretion,  the  obser- 
vations of  Spielberg,  Gscheidlen,  and  others,  on  ursemia;  of  Pollack, 
on  the  quantity  and  character  of  the  urine  in  infants;  of  Ustimowitsch, 
on  the  conditions  of  its  secretion  in  adults ;  of  Schiff  and  Brown-S^uard, 
on  the  influence  of  the  nervous  system  upon  its  composition;  of  Flint, 
on  the  effects  of  violent  exercise;  and  of  Heynsius,  Gr^hant,  and  others, 
on  various  circumstances  modifying  the  amount  of  urea,  have  received 
due  notice. 

It  would  be  tedious  to  go  through  the  other  subjects  in  the  same  way, 
but  it  may  be  stated  that,  in  the  account  of  the  Nervous  System,  due 
space  has  been  given  to  the  consideration  of  the  interesting  researches  of 
Fritsch  and  Hitzig,  and  of  Dr.  Ferrier  in  regard  to  the  action  of  Elec- 
tricity applied  directly  to  the  surface  of  the  Cerebral  Convolutions.  In 
WTiting  the  Section  on  this  subject,  the  Editor  has  not  only  had  the  ad- 
vantage of  Dr.  Ferrier's  assistance,  but  has  also  had  several  opportuni- 
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f  of  witnessing  his  experiments.  Tlie  views  of  HermaDn  and  Rad^ 
dtffc  on  ElectrotounSj  and, of  Kuss  on  Reflex  Actions^  are  fully  given, 
and  an  attempt  has  been  made  to  supply  an  outline  of  Sleynert^s  obser* 
vadons  on  the  Structure  of  the  Brain, 

In  the  account  of  the  Circukting  System  considerable  pains  have 
lie<*n  taken  to  give  a  connected  aeoouut  of  the  numerous  experiments 
that  have  been  made  within  the  last  few  years  on  the  Action  of  the  Ner- 
rouB  System  npon  the  Hearty  and  the  Editor  must  acknowledge  the 
kindjiesi^  of  Dr*  B  run  ton  in  revising  the  proof  sheets  of  this  part- 
Free  nse  has  been  made  of  the  ElemmJts  of  Embrynhgy  by  Dr. 
Foeter  and  Mr*  Balfour,  in  describing  the  earlier  stage^^  of  development, 
and  several  of  the  drawings  have  been  borrowed  from  this  excellent  and 
instme(ive  work. 

The  Eilitor  r^rets  that  the  Memoir  of  Dr.  Buehauan  on  the  FonxM ' 
whir/i  t**trnf  ati  tite  Grcuiuthn  of  the  Bhod  was  overlook e<I  when  this 
subject  was  under  consideration^  or  he  would  have  been  disposed  to 
and  a  somewhat  greater  influence  to  the  respiratory  actions  in  pro- 
^motitig  tlie  flow  of  Blood  through  the  Heart  than  is  admitted  in  the 
text.  Andj  »g^iu^  in  regard  to  the  cirtumistxinces  affecting  the  fre- 
quency of  the  Pulse,  reference  should  have  been  made  to  Mr»  Garrod's 
ob^rvations.  Mr.  Gar  rod  maintains  that  the  Pulse  rate  varies  inversely 
ss  the  arterial  eaplllary  resistance^  and  is  not  affected  by  the  arterial 
blood -pressure,  grounding  this  ^isentially  on  the  fact  that  no  effect  is 
pnifluee<l  on  the  blood-rate  in  an  aniraul  bled  to  death  under  chloroform, 
from  which  he  deduces  the  law  that  the  ht^irt  recommences  to  beat  after 
the  diastole,  when  the  blood-pressure  has  fallen  a  certain  invariable  pro- 
port  ion — a  law,  the  possible  hydrodynamical  complications  of  which  are 
mueh  i^impHfietl  by  the  verified  observations  of  Poisseuillcj  who  demon- 
sintted  that  the  flow  of  fluids  through  capillary  tubes  varies  dirct^-tly  aa 
the  pressure* 

A  considemble  number  of  woodcuts,  most  of  them  of  a  diagrammatic 
ehuracter^  have  been  adde<l,  and  a  few  of  the  older  ones  have  been 
replaced  by  others  giving  better  representations  of  the  objects  described 
in  the  text, 

Henry  Power. 

Kov.  mm 
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PLATE  I. 

FIG. 

1.  Spermatozoa  of  Man  ;  a,  viewed  on  the  surface;  b,  viewed  edgeways  ({  781). 

2.  Vesicles  of  evolution  from  the  seminal  fluid  of  the  Dog ;  a,  b,  c,  single  vesicles 

of  different  sizes;  D,  single  vesicle  within  its  parent-cell;  K,  parent-cell  inclos- 
ing seven  vesicles  of  evolution  (J  782). 

8.  Development  of  Spermatozoa  within  the  vesicles  of  evolution  ;  a,  b,  vesicles  con- 
taining spermatozoa  in  process  of  formation  ;  c,  d,  spermatozoa  escaping  from 
the  vesicles  ({  782). 

[The  three  preceding  figures  are  after  Wagner  and  Leuckardt  (Cyclop,  of  Anat- 
omy and  Physioioyy^  Art.  **  Semen  ").] 

4.  Thin  slice  of  the  ovarium  of  a  Sow  three  weeks  old,  showing  the  Graafian  vesicles 
or  ovipncs  imbedded  in  a  fibro-celiular  stroma.  The  ovisacs  are  filled  with 
cells,  in  the  midst  of  which  one  large  one  may  be  especially  distinguished  > 
this,  which  is  the  germinal  vesicle,  is  surrounded  by  minute  granules,  which 
constitute  the  first  indication  of  the  yolk  (J  737). 

o.  Ovum  of  ft  Rabbit,  showing  the  vitelline  mass  almost  entirely  converted  into  dis- 
tinct cells,  of  which  those  at  the  surface  are  pressed  against  each  other  and 
Hirainst  the  zona  pellucida,  so  as  to  assume  a  hexagonal  form.  The  dark  por- 
tion consists  of  a  mass  of  vitelline  spheres,  which  has  not  undergone  this  con- 
version ({  776). 

0.  Ovum  of  the  Rabbit,  seven  days  after  impregnation,  viewed  on  a  black  ground. 
The  outer  membrane  is  the  chorion,  on  which  are  seen  incipient  villosities. 
"Within  this  is  the  blastodermic  vesicle^  at  the  summit  of  which  is  the  projec- 
tion formed  by  the  area  germinativa  ;  and  from  this,  the  mucous  layer  of  the 
germinal  membrane  is  seen  to  extend  over  about  one-third  of  the  surface  of 
the  contained  yolk  (J  776). 

7.  Portion  of  the  germinal  membrane,  taken  from  the  area  germinativa^  to  show  the 
two  layers  of  which  it  is  composed ;  the  serous^  or  animal  layer  (epiblast)  is 
turned  back,  so  as  to  show  the  jnucous  or  vegetative  layer  (mesoblast  and  hyp- 
oblast) in  situ.     In  the  latter  is  seen  the  primitive  trace  (J  776). 

^.  Portion  of  the  serous  layer  of  the  germinal  membrane,  highly  magnified  ;  showing 
that  it  is  made  up  of  nucleated  cells,  united  by  intercellular  substance,  and 
filled  with  minute  molecules  (J  776). 
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9.  Portion  of  the  mucous  layer  of  the  germinal  membranei  highly  magnified  :  show- 
ing that  it  is  made  up  of  celU,  whor^c  borders  are  more  distinct  and  moro 
closely  applied  to  each  other  than  those  of  the  serous  layer,  and  whoso  con- 
tents are  more  transparent  ({  776). 

[The  six  preceding  figures  are  after  Bischoff  (Eniwickelungageachichte  der 
Sdugethiere^  etc.  ( 1 842 ) ,  —  deB  Kaninehen-^ies  —  ( 1842 )  —  des  IIunde-^itM 
(1846).] 

10.  Gravid  Uterus  of  a  Woman  who  had  committed  suicide  in  the  seventh  week  of 
pregnancy,  laid  open  :  a,  os  uteri  internum  ;  6,  cavity  of  the  cervix  ;  c,  «,  c, 
e,  the  four  flaps  of  the  body  of  the  uterus  turned  back  ;  d^  d,  d^  inner  surface 
of  uterine  decidua;  «,  «,  decidua  reflexa ;  /,/.  external  vill<»us  surface  of  the 
chorion  ;  g,  internal  surface  of  the  chorion  ;  A,  amnion  ;  t,  umbilical  vesicle; 
k^  umbilical  cord  ;  ^  embryo  ;  m,  space  between  chorion  and  amnion  ({  752 
et  scq.).     [After  Wagner  (Iconea  PhyBiologicce).'\ 
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11.  Uterine  Ovum  of  Rabbit,  showing  the  Area  Pellucida,  with  the  primitive  trace 

(S  776). 

12.  Moro  advanced  Ovum,  showing  the  incipient  formation  of  the  Vertebral  column, 

and  the  dilatation  of  the  primitive  groove  at  its  anterior  extremity  (}  776). 

18.  More  advanced  Embryo,  seen  on  its  ventral  side,  and  showing  the  first  develop- 
ment of  the  Circulating  apparatus.  Around  the  Vascular  Area  Ia  shown  the 
terminal  sinus  a,  a,  a.  The  blo<id  returns  from  this  by  two  t^ujterior  brancbet 
6,  6,  and  two  inferior,  c,  c,  of  the  omphalo-mesaraic  veins,  to  the  heart)  d  > 
which  is,  at  this  period,  a  tube  curved  on  itself,  and  presenting  the  first  indi- 
cation of  a  division  into  cavities.  The  two  aortic  trunks  appear,  in  the  ab- 
dominal region,  as  the  infrrior  vertebral  arteries,  e,  e ;  from  which  are  given 
off  the  omphalo-mesaraic  arteries/,/,  which  form  a  network  that  distributes 
the  blood  over  the  vascular  area.  In  the  cephalic  region  are  seen  the  ante- 
rior cerebral  vesicles,  with  the  two  oi'ular  vesicles,  g  {^  777). 

[The  three  preceding  figures  are  from  the  works  of  Bischofl!'  previously  cited.] 
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CHAPTER   I. 


1.  The  term  Life  has  been  used  by  different  writers,  Physiological  and 
ODtologieal,  in  a  great  variety  of  significations ;  but  these  are  for  the  most 
part  capable  of  reduction  to  three  categories— Life  being  regarded  either  (1) 
as  the  aggregate  of  the  phenomena  exhibited  by  any  Organized  being  from 
the  comroeucement  to  the  conclusion  of  its  individual  existence,  or  (2)  as 
the  mode  of  activity  peculiar  to  such  beings,  ^'hereby  they  are  distinguished 
from  inanimate  bodies,  or  (3)  as  the  specml  agency  supposed  to  be  inherent 
in  every  organism,  and  to  be  the  efficient  cause  alike  of  its  first  development 
and  of  its  subsequent  maintenance.  The  first  is  the  sense  in  which  the  term 
is  understood  by  Philosophers  of  the  "Positive"  school,  who  refuse  to  con- 
cern themselves  with  anything  save  phenomena  that  are  immediately  cog- 
nizable by  the  senses ;  while  the  last  is  the  meaning  attached  to  it  by  such 
as  think  that  a  great  deal  of  trouble  is  saved  by  the  assumption  of  a  hypo- 
thetical entity,  whose  agency  may  at  once  account  for  everything  not  to  be 
otherwise  explained.  To  both  these  definitions  it  may  be  objected  that  they 
tend  to  limit  inquiry  into  the  essential  nature  of  Vital  Action.  For  by 
taking  the  former  as  a  starting-point,  we  are  led  to  fix  our  attention  too  ex- 
clusively on  the  material  conditions  presented  in  the  structure  of  the  Organ- 
ism, and  to  ignore  the  forces  by  which  its  activity  is  maintained  ;  just  as  if, 
in  studying  thf*  operations  of  a  cotton  factory,  we  were  to  limit  our  attention 
to  the  mechanism  of  the  carding,  spinning,  weaving,  and  other  machines  by 
whose  instrumentality  its  products  are  elaborated,  and  were  to  neglect,  as  a 
condition  not  directly  cognizable  by  our  senses,  the  Motive  Power  without 
which  those  machines  would  all  be  inert.  On  the  other  hand,  by  resting  in 
the  assumption  of  a  "Vital  Principle"  or  "Organic  Agent"  as  affording  a 
sufficient  account  of  all  that  is  mysterious  in  the  nature  of  Life,  we  really 
remove  it  from  the  domain  of  scientific  inquiry ;  just  as  if  the  visitor  to  a 
cotton  factory  were  to  give  up  in  despair  any  attempt  to  acquaint  himself 
with  the  meaning  of  the  several  processes  that  go  on  before  his  eyes,  and 
were  to  regard  it  as  a  sufficient  account  of  the  transformation  of  raw  cotton 
into  woven  calico,  that  it  takes  place  by  the  agency  of  a  "  calico-making 
principle." 

2.  But  if,  on  the  other  hand,  the  Physiologist  takes  as  his  standpoint  the 
concei)tion  of  Life  as  a  peculiar  mode  of  activity^  he  at  once  finds  himself 
on  a  pathway  of  inquiry  marked  out  for  him  by  the  antecedent  researches 
of  the  Physical  philosopher.     For  as,  in  the  study  of  that  great  cycle  of 
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mutually-related  changes  which  may  be  designated  the  Life  of  the  Universe, 
the  Physicist  has  been  led  in  the  first  instance  to  recognize  several  distinct 
modes  of  activity,  e.  g,.  Mechanical  and  Chemical,  Electrical  and  Thermal ; 
and  then,  prosecuting  his  analysis  under  the  guidance  of  that  idea  of  Power 
which  he  finds  in  his  own  seme  of  effort,  has  been  brought  to  refer  every 
effect  to  a  causative  Force  of  some  kind,  acting  through  a  certain  Material 
instrumentality :  so  the  Physiologist  who  makes  the  living  organism  his 
study,  is  led  in  the  first  place  to  refer  its  peculiar  phenomena  to  a  set  of 
categories  as  distinct  from  the  preceding  as  they  are  from  each  other;  and 
thence  to  distinguish  between  their  instrumental  and  their  dynamical  condi- 
tions, the  Organic  Structure  and  the  Vital  Forces  which  animate  it.  But 
further,  as  the  Physicist,  in  proportion  to  the  elevation  of  his  standpoint 
and  the  comprehensiveness  of  the  survey  he  can  thence  take  of  the  phe- 
nomena of  the  Inorganic  Universe,  is  enabled  to  discern,  first  the  mutual 
relation,  and  at  last  the  essential  unity,  of  all  those  Forces  whose  manifes- 
tations appeared  so  diverse  when  separately  contrasted  :  so  may  the  Physi- 
ologist, in  proportion  to  the  insight  he  gains  into  the  peculiar  characteristics 
of  Vital  Activity,  come  in  the  first  instance  to  recognize  the  mutual  rela- 
tion of  the  agencies  which  underlie  its  diversified  phenomena,  next  to  per- 
ceive their  fundamental  unity  as  so  many  expressions  of  one  and  the  same 
Vital  Force  acting  through  different  material  instrumentalities,  and  finally 
to  discern  the  essential  identity  of  this  force  with  that  which  maintains  the 
ceaseless  cycle  of  activity  in  the  Universe  at  large' 

3.  If,  now,  we  inquire  what.it  is  that  essentially  distinguishes  Vital  from 
every  kind  of  Physical  Activity,  we  find  this  distinction  most  characteris- 
tically expressed  in  the  fact,  that  a  germ  endowed  with  Life  develops  itself 
into  an  Organism  of  a  type  resembling  that  of  its  parent;  that  this  organ- 
ism is  the  subject  of  incessant  changes,  which  all  tend  in  the  first  place  to 
the  evolution  of  its  typical  form,  and  subsequently  to  its  maintenance  in 
that  form,  notwithstanding  the  antagonism  of  Chemical  and  Physical  agen- 
cies which  are  continually  tending  to  produce  its  disintegration ;  but  that, 
as  its  term  of  existence  is  prolonged,  its  conservative  power  declines,  so  as 
to  become  less  and  less  able  to  resist  these  disintegrating  forces,  to  which  it 
finally  succumbs,  leaving  the  organism  to  be  resolved  by  their  agency  into 
the  components  from  which  its  materials  were  originally  drawn.  The  his- 
tory of  a  Living  Organism,  then,  is  one  of  inceaniut  change;'^  and  the  con- 
ditions of  this  change  are  to  be  found  partly  in  the  organism  itself,  and 
partly  in  the  external  agencies  to  which  it  is  subjected. 

4.  But  the  Life  of  any  complex  organism,  such  as  that  of  Man,  is  the 
aggregate  of  the  Vital  Activity  of  all   its  component  parts;  and  we  must 

'  See  the  Author's  Memoir,  On  the  MutUMl  Ki'lations  of  tliu  Vital  and  Physical 
Forces,  in  tlie  Philosophical  Transaction*  ft»r  18o0 

*  If  chanire  be  essential  to  rur  idea  of  Life,  it  nnay  be  asked  what  is  the  condition 
of  a  Seed,  which  may  remain  unaltered  during  a  period  of  many  centuries,  vegetat- 
ing at  iufrt,  when  placed  jn  favorable  circunistanccji,  as  if  it  had  (»nly  ripened  the 
year  before.  AVe  can  hcarcely  call  it  nlite^  for  it  is  not  performing  any  vital  oper- 
ation. But  it  is  not  tiead ;  for  it  has  undergone  no  disintegration,  and  retains  its 
capacity  for  tiring^  which  is  analogous  to  the  pofcndal  energy  of  the  Physicist.  The 
mostcorre<'t  det'ignation  of  such  a  ^tate  (which  can  only  be  maintained  under  a  com- 
plete seclusion  from  disintegrating  agencies)  seems  to  be  dormant  vitality.  Certain 
Animals  may  be  reduced  to  it:  a*  the  Frog  by  cold,  and  the  Wheel-animalcule  by 
slow  desiccation  Organisms  capable  of  un<leri;oing  such  a  suspension  of  activity 
may  be  kept  in  a  dormant  condition  so  long  as  disintegrating  ageneies  are  excluded  ; 
but  the  very  conditi<»ns  (as  heat  in  the  one  case,  moisture  in  the  other,  and  both 
combined  in  the  case  of  the  seed)  whose  presence  is  followed  by  the  renewal  of  active 
life  if  the  organism  has  undergone  no  injurious  change,  insure  its  speedy  deca}  if  it 
be  not  able  to  resume  its  proper  vital  activity. 
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ascertain  the  conditions  on  which  the  activity  of  each  of  these  is  dependent, 
before  we  can  rightly  comprehend  their  united  action  in  the  Life  of  the 
whole.  No  fact  has  been  more  clearly  ascertained  by  modern  Physiological 
research  than  this, — that  as  the  germ  derives  from  its  parent  certain  inde- 
pendent endowments,  in  virtue  of  which  it  is  enabled  to  develop  itself 
(uuder  appropriate  conditions)  into  an  organism  which  may  be  composed 
of  a  vast  number  of  dissimilar  parts,  so  each  of  those  parts  derives  from 
the  germ  in  which  it  had  its  origin  an  independent  capacity  for  develop- 
ment and  maintenance,  in  virtue  of  which  it  goes  through  its  own  course 
of  vital  activity,  and  by  the  ultimate  cessation  of  which  its  own  term  of 
exbtence  is  limited.  Of  this  mutual  independence  we  have  illustrations 
in  the  persistence  of  the  "  molecular  life "  of  individual  parts  long  after 
"somatic"  death  (or  death  of  the  body  as  a  whole)  has  taken  place; — in 
the  fact  that  not  only  may  vital  activity  be  sustained  in  a  part  completely 
separated  from  the  body  by  the  maintenance  of  the  circulation  of  blood 
through  it,  but  vital  endowments  which  had  partially  or  completely  ceased 
to  manifest  themselves  in  consequence  of  the  cessation  of  the  circulation, 
may  be  restored  by  its  re-establishment; — and  in  the  occasional  reunion  of 
members  which  have  been  entirely  separated.  But  notwithstanding  the 
wonderful  diversity  of  structure  and  of  endowments  which  we  meet  with  in 
the  study  of  any  such  complex  organism,  we  encounter  a  harmonious  unity 
or  co-ordination  in  its  entire  aggregate  of  actions,  which  is  yet  more  won- 
derful. It  is  in  this  harmony  of  co-ordination,  whose  tendency  is  to  the 
conservation  of  the  organism,  that  the  state  of  Health  or  Normal  Life  es- 
sentially consists.  And  the  more  profound  is  our  investigation  of  its  con- 
ditions, the  more  definite  becomes  the  conclusion  to  which  we  are  led  by 
the  study  of  them, — that  it  is  fundamentally  based  on  the  common  origin  of 
all  these  diversified  parts  in  the  same  germ  ;  the  vital  endowments  of  which, 
equally  difiused  throughout  the  whole  fkbric  in  those  lowest  forms  of 
organization  in  which  every  part  is  but  a  repetition  of  every  other,  are 
difierentiated  in  the  highest  amongst  a  variety  of  organs  or  instrumental 
structures  more  or  less  dissimilar,  acquiring  in  virtue  of  this  difiTerentiation 
a  much  greater  intensity. 

5.  In  the  lowest  forms  of  Vegetable  life,  the  primordial  germ  multiplies 
itself  by  duplicative  subdivission  into  an  apparently  unlimited  number  of 
cells,  each  of  them  similar  to  every  other,  and  capable  of  maintaining  its 
existence  independently  of  ihem.  And  in  that  lowest  (Rhizopod)  type  of 
Animal  life,  the  knowledge  of  which  is  among  the  most  remarkable  fruits 
of  modern  biological  research,  **  the  Physiologist  has  a  case  in  which  those 
vital  operations  which  he  is  elsewhere  accustomed  to  see  carried  on  by  an 
elaborate  apparatus,  are  performed  without  any  special  instruments  what- 
ever; a  little  particle  of  apparently  homogeneous  jelly  changing  itself  into 
a  greater  variety  of  forms  than  the  fabled  Proteus,  laying  hold  of  its  food 
without  members,  swallowing  it  without  a  mouth,  digesting  it  without  a 
stomach,  appropriating  its  nutritious  material  without  absorbent  vessels  or 
a  circulating  system,  moving  from  place  to  place  without  muscles,  feeling 
(if  it  has  any  power  to  do  so)  without  nerves,  propagating  itself  without 
genital  apparatus,  and  not  only  this,  but  in  many  instances  forming  shelly 
coverings  of  a  symmetry  and  complexity  not  surpassed  by  those  of  any  tes- 
taceous animals;"*  whilst  the  mere  separation  of  a  fragment  of  this  jelly 
is  sufiicient  to  originate  a  new  and  independent  organism,  so  that  any 
number  of  these  beings  may  be  produced  by  the  successive  detachment  of 

*  See  the  Aulhor':^  Introduction  to  the  Study  of  the  Foraminifera,  published  by 
the  lUy  JSociety,  1862,  Preface,  p.  vii. 
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nich  particles  from  a  single  Rhizopod,  each  of  them  retaining  {so  far  as  we 
hrivi-'  at  present  the  means  of  knowing)  the  characteristic  euduwmeytiof  tht 
slm^k  rVom  which  it  wa^  an  oflT^et* 

6.  When,  on  the  other  hand,  we  watcli  the  evolution  of  any  of  the  Ingher  , 
tvpei?  of  OrgaiJiKation,  whether  Vegetable  or  AuiiaaU  we  ok^^rve  thatal-j 
tiuiugh  in  the  first  inslance  the  primordial  eel  J  muhipUts  itself  by  dupli- 
cative sulKlivisioii  ioto  an  aggregation  of  eellg  which  are  appareatly  but 
repetitious  of  itself  and  of  each  other,  this  homogeneous  exiensiion  haj*  itJ 
each  ca.^e  a  definite  limit,  speedily  giving  place  to  a  structural  diflerentia- 
tion  whieh  becomes  njore  and  more  decided  with  the  progress  of  deveh>p- 
ment;  until,  in  that  moat  heterogeneous  of  all  types— -the  Human  Organism 

' — no  two  parts  are  preciseljr  identical,  except  ihtvse  which  correspond  to 
each  other  on  the  opposite  sides  of  the  l>t>dy.  With  this  structural  dilfer- 
entiation  is  associated  a  corresponding  difTereutiation  of  functiou ;  for  whibt 
in  the  Life  of  the  most  highly-dovehjpeti  and  complex  organism,  we  witness 
no  act  which  i.'^  not  foreBUadt>Wi'il,  however  vaguely,  in  that  of  the  lowest 
and  simple^^t,  yet  we  (^b^crve  in  it  that  eame  'Siivisitui  of  labor**  which  con- 
stitutes  the  essential  characteristic  of  the  highcjit  grade  of  Civilimtioij.  For 
in  what  may  be  termed  the  elementary  form  of  Human  Stsciety,  in  which 
every  individual  relies  upon  hini,st-!f  alone  for  the  supply  of  all  his  wants, 
no  greater  result  can  be  attained  by  the  aggregate  action  of  the  entire  coni- 
muurty,  than  its  mere  inaintcnanco :  hut  as  each  individual  selects  a  special  | 
mode  of  activity  for  hiniecir,  and  aims  at  improvement  ia  that  specially,  he 
fiud^  himself  attaining  a  higher  and  yet  higher  degree  of  aptitude  for  it  j 
and  tills  ^^pecia ligation  lends  lr»  increase  as  opportunities  arise  ibr  new  modes 
of  activity,  until  that  complex  fabrie  ii*  evolved  which  contsiitutcis  the  most  | 
developed  form  of  the  Social  ^tate,  wherein  every  individual  finds  the  work 
— menttil  or  bodily^ — for  which  he  is  best  fitted,  and  in  which  he  may  reach 
the  highest  attainable  perfection;  while  the  mutual  dependence  of  the  whole  i 
(which  is  the  necessary  result  of  this  specialization  of  parts)  is  such  that 
every  individual  work^  for  the  benefit  of  all  his  fellows,  as  well  as  for  his 
own.  As  it  is  only  in  such  a  state  of  Society  that  the  greatest  triumphs  of 
Human  ability  become  possible, so  it  is  only  in  the  most  difierentiated  types 
of  t^rganizatiou  that  Viial  Activity  can  present  its  highest  manifestations, 
lu  the  one  case  as  in  the  otlier  does  the  result  depend  upon  a  process  of 
gmdual  devehpment^  in  which,  under  the  infiuence  of  agencies  who^e  nature 
constitutes  a  proper  object  of  scientific  inquiry,  that  vtoitt  geHcral  form  in  | 
which  the  fabric— whether  Corporeal  or  Social— origimites,  evolves  itself 
into  that  mosi  ^mtt/  in  which  its  deveio]>raeut  culminate!?.  And  hence  we 
are  distinctly  justified  in  the  conclusiou,  that  the  sj>ecial  endowments  of  the 
aeveml  component's  of  the  organism,  however  dij^simihir  to  each  other,  are  ' 
nothing  else  than  diflcrentiated  and  proportionately  intensified  expressions 
of  those  which  are  common  to  every  part  of  the  originally  homogeneou** 
fabric ; — a  conclusion  which  derives  a  remarkable  coidiriuation  from  the  in-  i 
dication  afibrded  by  the  phenomenon  of  "  Metastasis  of  Secretion/'  that  the 
general  structure,  even  in  the  most  highly-specialiied  organism,  retattia 
aomewbat  of  it.s  primitive  community  of  function. 

7.  Thus,  then,  we  may  take  that  mode  of  Vital  Activity  which  mani- 
fests itself  in  the  Evolution  of  the  germ  into  the  complete  organism  repeat- 
ing the  tyj>e  of  ius  parei  t,  and  in  the  subse^^uent  maintenance  of  that  or-  ] 
gauism  in  it45  integrity, — iu  btjth  cases  at  the  exfvense  of  materials  derived 
from  external  soured,— a?  the  most  universal  and  most  fundamental  char* 
actcrifitic  of  Life;  and  wt  huve  now  to  consider  the  nature  and  source  of 
the  Force  or  Power  by  which  that  evolution  is  brought  about.  The  prev* 
alent  opinion    has   until    lately  been,  that  this  power  is  inherent  iu  t' 
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germ;  which  has  been  supposed  to  derive  from  its  parent  not  merely  its 
material  substance,  but  a  nistLS  formativtis,  bildung-strieby  or  germ-force,  in 
virtue  of  which  it  builds  itself  up  into  the  likeness  of  its  parent,  and  main- 
tains itself  in  that  likeness  until  the  force  is  exhausted,  at  the  same  time 
imparting  a  fraction  of  it  to  each  of  its  progeny.  In  this  mode  of  viewing 
the  subject,  all  the  organizing  force  required  to  build  up  an  Oak  or  a  Palm, 
an  Elephant  or  a  Whale,  must  be  concentrated  in  a  minute  particle  only 
discernible  by  microscopic  aid ;  and  the  aggregate  of  all  the  germ-forces 
appertaining  to  the  descendants,  however  numerous,  of  a  common  parent- 
age, must  have  existed  in  their  original  progenitors.  Thus,  in  the  case  of 
the  successive  viviparous  broods  of  Aphides,  a  germ-force  capable  of  organ- 
izing a  mass  of  living  structure,  which  would  amount  (it  has  been  calcu- 
late^) in  the  tenth  brood  to  the  bulk  of  five  hundred  millions  of  stout  men, 
must  have  been  shut  up  in  the  single  individual,  weighing  perhaps  the 
tVvd^^  of  a  grain,  from  which  the  iirst  brood  was  evolved.  And  in  like 
manner,  the  germ-force  which  has  organized  the  bodies  of  all  the  individual 
men  that  have  lived  from  Adam  to  the  present  day,  must  have  been  con- 
centrated in  the  body  of  their  common  ancestor.  A  more  complete  reductio 
ad  absurdum  can  scarcely  be  brought  against  any  hypothesis;  and  we  may 
consider  it  proved  that,  in  some  way  or  other,  fresh  organizing  force  is  con- 
stantly being  supplied  from  without  during  the  whole  period  of  the  exercise 
of  its  activity.  When  we  carefully  look  into  the  question,  we  find  that 
what  the  germ  really  supplies  is  not  the  force,  but  the  directive  agency;  thus 
rather  resembling  the  control  exercised  by  the  superintendent  builder  who 
is  charged  with  the  working-out  the  design  of  the  architect,  than  the  bodily 
force  of  the  workmen  who  labor  under  his  guidance  in  the  construction  of 
the  fabric.  The  actual  constructive  force,  as  we  learn  from  an  extensive 
survey  of  the  phenomena  of  life,  is  supplied  by  Heat;  the  influence  of  which 
upon  the  rate  of  growth  and  development,  both  Animal  and  Vegetable,  is 
so  marked  as  to  have  universally  attracted  the  attention  of  Physiologists; 
who,  however,  have  for  the  most  part  only  recognized  in  it  a  vital  stimulus 
that  calls  forth  the  latent  power  of  the  germ,  instead  of  looking  upon  it  as 
itself  furnishing  the  power  that  does  the  work.  It  has  been  from  the  nar- 
row limitation  of  the  area  over  which  Physiological  research  has  been  com- 
monly prosecuted,  that  the  intimacy  of  this  relationship  between  Heat  and 
the  Organizing  force  has  not  sooner  become  apparent.  Whilst  the  vital 
phenomena  of  Warm-blooded  Animals,  which  possess  within  themselves  the 
means  of  maintaining  a  constant  temperature,  were  made  the  sole,  or  at  any 
rate  the  chief  objects  of  study,  it  was  not  likely  that  the  inquirer  would 
recognize  the  full  influence  of  external  Heat  in  accelerating,  or  of  Cold  in 
retarding,  their  functional  activity.  It  is  only  when  the  survey  is  extended 
to  Cold-blooded  Animals,  and  to  Plants,  that  the  immediate  and  direct  rela- 
tion between  Heat  and  Vital  Activity,  as  manifested  in  the  rate  of  growth 
and  development,  or  of  other  changes  peculiar  to  the  living  body,  is  unmis- 
takably manifested.  To  some  of  those  phenomena  which  afford  the  best 
illustrations  of  the  mode  in  which  Heat  acts  upon  the  living  organism,  at- 
tention will  now  be  directed. 

8.  The  agency  of  Heat  as  the  "efficient  cause"  or  "motive  power"  to 
which  the  phenomena  of  growth  and  development  are  to  be  referred,  is 
peculiarly  well  seen  in  the  process  of  Germination.  The  Seed  consists  of  an 
embryo  which  has  already  advanced  to  a  certain  stage  of  development,  and 
of  a  store  of  nutriment  laid  up  as  the  material  for  its  further  evolution;  and 

*  See  Prof.  Hiixloy  on  the"AgMmic  Reproduction  of  Aphis,"  in  Linnaean  Trans- 
tt  tions,  vol.  xxii,  p.  215. 
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in  the  fact  that  this  evolution  is  carried  on  at  the  expense  of  orgauie  com- 
pounds already  prepared  by  extrinsic  agency,  until  (the  store  of  these 
being  exhausted)  the  young  plant  is  sufficiently  far  advanced  in  its  develop- 
ment to  be  able  to  elaborate  them  for  itself,  the  condition  of  the  germinat- 
ing embryo  resembles  that  of  an  Animal.  Now  the  seed,  as  already  pointed 
out  (§  3  note),  may  remain  (under  favorable  circumstances),  in  a  state  of 
absolute  inaction  during  an  unlimited  period.  If  secluded  from  the  free 
access  of  air  and  moisture,  and  kept  at  a  low  temperature,  it  is  removed 
from  all  influences  that  would  on  the  one  hand  occasion  its  disintegra- 
tion, or  on  the  other  would  call  it  into  active  life.  But  when  again  exposed 
to  air  and  moisture,  and  subjected  to  a  higher  temperature,  it  either  germi- 
nates or  decays,  according  as  the  embryo  it  contains  has  or  has  not  preserved 
its  vital  endowments, — a  question  which  only  experiment  can  resolve.  The 
process  of  germination  is  by  no  means  a  simple  one.  The  nutriment  stored 
up  in  the  seed  is  io  great  part  in  the  ccmdition  of  insoluble  starch ;  and  this 
must  be  brought  into  a  soluble  form  before  it  can  be  appropriated  by  th^ 
embryo.  The  metamorphosis  is  effected  by  the  agency  of  a  ferment  termed 
diastase;  which  is  laid  up  in  the  immediate  neighborhood  of  the  embryo, 
and  which,  when  brought  to  act  on  starch,  converts  it  in  the  first  instance 
into  soluble  dextrin,  and  then  (if  its  action  be  continued)  into  sugar.  The 
dextrin  and  sugar,  combined  with  the  albuminous  and  oily  compounds  also 
stored  up  in  the  seed,  form  the  "protoplasm"  which  is  the  substance  imme- 
diately supplied  to  the  young  plant  as  the  material  of  its  tissues;  and  the 
conversion  of  this  protoplasm  into  various  fonns  of  organized  tissue,  which 
become  more  and  more  differentiated  as  development  advances,  is  obviously 
referable  to  the  vital  activity  of  the  germ.  Now  it  can  be  very  easily  shown 
experimentally  that  the  rate  of  growth  in  the  germinating  embryo  is  so  closely 
related  (within  certain  limits)  to  the  amount  of  Heat  supplied,  as  to  place 
its  dependence  on  that  agency  beyond  reasonable  question ;  so  that  we  seem 
fully  entitled  to  say  that  Heat,  acting  through  the  germ,  becomes  the  con- 
structive force  or  power  by  which  the  Vegetable  fabric  is  built  up.*  But 
there  appears  to  be  another  source  of  that  power  in  the  Seed  itself.  In  the 
conversion  of  the  insoluble  starch  of  the  Seea  into  sugar,  and  probably  also  in 
a  further  metamorphosis  of  a  part  of  that  sugar,  a  large  quantity  of  carbon 
is  eliminated,  by  combining  with  the  oxygen  of  the  air  so  as  to  form  car- 
bonic acid ;  this  combination  is  n^essarily  attended  with  a  disengagement 
of  heat,  which  becomes  very  sensible  when  (as  in  malting)  a  large  number 
of  germinating  seeds  are  aggregated  together;  and  it  cannot  but  be  regarded 
as  probable  that  the  heat  thus  evolved  within  the  seed  concurs  with  that  de- 
rived from  without,  in  supplying  to  the  germ  the  force  that  promotes  its 
evolution. 

9.  The  condition  of  the  Plant  which  has  attained  a  more  advanced  stage 
of  its  development,  differs  from  that  of  the  germinating  embryo  essentially 
in  this  particular,  that  the  organic  compounds  which  it  requires  as  the  ma- 
terials of  the  extension  of  the  fabric  are  formed  by  itself  instead  of  being 
supplied  to  it  from  without.  The  tissues  of  the  green  surfaces  of  the  leaves 
and  stems,  when  acted  on  by  light,  have  the  peculiar  power  of  generating  at 

'  The  eff»?ct  of  Hent  is  doubtless  inanifostod  very  difTerently  by  different  seeds;  such 
variations  beinc^  partly  specific^  partly  iiulividunl.  But  tho^e  arc  no  greiiter  than  we 
see  in  the  Inorganic  world;  the  increment  of  temperature  and  the  auirmontation  of 
bulk  exhibited  by  different  s^ubstances  when  subjinited  to  the  samo  absolute  measure 
of  h(*at,  being  as  diverse  as  the  substances  themselves.  The  whole  process  of  *<  malt- 
ing." it  mav  be  remarked  is  based  on  the  average  regularity  with  which  the  seeds 
of  a  particular  species  may  be  at  any  time  forced  to  a  definite  rate  of  germination  by 
a  definite  increment  of  tem|K5rature. 


OP   LIPB,   AND    ITS    CONDITIONS.  81 

the  expense  of  carbonic  acid,  water,  and  ammonia,  various  ternary  and  qua- 
ternary Organic  compounds,  such  as  chlorophyll,  starch,  oil,  and  albumen  ; 
and  of  the  compounds  thus  generated,  a  part  are  appropriated  by  the  con- 
structive force  of  the  Plant  (derived  from  the  heat  with  which  it  is  supplied) 
to  the  formation  of  new  tissues;  whilst  a  part  are  stored  up  in  the  cavities 
of  those  tissues,  where  they  ultimately  serve  either  for  the  evolution  of  parts 
subsequently  developed,  or  for  the  nutrition  of  Animals  which  employ  them 
as  food.  Of  the  source  of  those  peculiar  affinities  by  which  the  components 
of  the  Starch,  Albumen,  etc.,  are  brought  together,  we  have  no  right  to  speak 
confidently ;  but  looking  to  the  fact  that  these  compounds  are  not  produced 
in  any  case  by  the  direct  union  of  their  elements,  and  that  a  decomposition 
of  binary  compounds  seems  to  be  a  necessary  antecedent  of  their  formation, 
it  is  scarcely  improbable  that  as  suggested  by  Prof.  Le  Conte,'  that  source 
is  to  be  found  in  the  chemical  forces  set  free  in  the  preliminary  act  of  de- 
composition, in  which  the  elements  would  be  liberated  in  that  "nascent  con- 
dition "  which  is  well  known  to  be  one  of  peculiar  energy.  The  influence 
of  Light,  then,  upon  the  Vegetable  organism  appears  to  be  essemially  ex- 
erted in  bringing  about  what  may  be  considered  a  higher  mode  of  chemical 
combination  between  oxygen,  hydrogen,  and  carbon,  with  the  addition  of 
nitrogen  in  certain  cases ;  and  there  is  no  evidence  that  it  extends  beyond 
this.  That  the  appropriation  of  the  materials  thus  prepared,  and  their  con- 
version into  organized  tissue  in  the  operations  of  growth  and  development, 
are  dependent  on  the  agency  of  Heat,  is  just  as  evident  in  the  stage  of  ma- 
turity as  in  that  of  germination.  And  there  is  reason  to  believe,  further, 
that  an  additional  source  of  Organizing  force  is  to  be  found  in  the  retro- 
grade metamorphosis  of  organic  compounds  that  goes  on  during  the  whole 
fife  of  the  plant;  of  which  metamorphosis  the  expression  is  furnished  by  the 
production  of  carbonic  acid.  This  is  peculiarly  remarkable  in  the  case  of 
the  Fungi,  which  being  incapable  of  forming  new  compounds  under  the  in- 
fluence of  light,  are  entirely  supported  by  the  Organic  matters  they  absorb; 
corresponding  in  this  respect  on  the  one  hand  with  the  germinating  Plant- 
embryo,  and  on  the  other  with  Animals.  Such  a  decomposition  of  a  portion 
of  the  absorbed  material  is  the  only  conceivable  source  of  the  large  quantity 
of  carbonic  acid  they  are  constantly  giving  out ;  and  it  would  not  seem  un- 
likely that  the  force  supplied  by  this  retrograde  metamorphosis  of  the  super- 
fluous components  of  their  food,  which  fall  down  (so  to  speak)  from  the  ele- 
vated plane  of  "proximate  principles'*  to  the  lower  level  of  comparatively 
simple  binary  compounds,  constitutes  the  power  by  which  another  portioji 
is  raised  to  the  rank  of  living  tissue;  thus  accounting  in  some  degree  for  the 
very  rapid  growth  for  which  this  tribe  of  Plants  is  so  remarkable.  This  ex- 
halation of  carbonic  acid,  however,  is  not  peculiar  to  Fungi  and  pjerminating 
embryos;  for  it  takes  place  during  the  whole  life  of  Flowering  Plants,  both 
by  day  and  by  night,  in  sunshine  and  in  shade,  and  from  their  green  as  well 
as  from  their  dark  surfaces.  It  is  not  improbable  that,  as  in  the  case  of  the 
Fungi,  the  source  of  this  exhalation  lies  partly  in  the  Organic  matter  ab- 
s?orbed  ;  Plants  being  able  to  take  up  and  assimilate  soluble  humua,  which, 
being  a  more  highly  carbonized  substance  than  starch,  dextrin,  or  cellulose, 
can  only  be  converted  into  compounds  of  the  latter  kind  by  parting  with 
some  of  its  carbon.*  But  it  may  also  take  place  at  the  expense  of  compounds 
previously  generated  by  the  Plant  itself,  and  stored  up  in  its  tissues,  of  which 

'  S€«  his  very  su^£:efttive  Memoir,  On  the  Correlation  of  Physical,  Chemical,  and 
Vitiil  Forc<*,  in  the  Philosophical  Ma^^azine  for  1800,  vol.  xix,  Ser.  iv,  p   137. 

»  Sec  the  Memoir  of  M.  Ui.sler,  On  the  Absorption  of  Hiinius,  in  the  Bibliothdque 
UniverHjlle,  N.  S.,  1858,  torn,  i,  p   305. 
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we  seem  to  Imve  an  exa tuple  in  the  umii?iial  protliictiou  of  carbonic  add 
whieh  takes  place  at  the  ijeriod  of  flowering,  e.sfiet'ially  io  meU  jilants  as 
have  a  tle«hy  djBk  or  receptacle  containing  a  large  quauUtv  of  stanrh  ;  ami 
tliu*-,  it  may  he  surniUt^I,  an  extra  supply  of  force  is  provitled  for  thti  maty- 
ration  of  those  generative  products,  whose  preparatitm  j^^ems  to  he  the  high- 
est expression  of  the  vita!  power  of  the  Vegetable  Organism. 

10,  The  entire  aggregate  of  Organic  eomponnd^  contained  in  the  Vegt'ta- 
ble  ii»«ue^  then,  may  he  coneidered  as  the  expresdon  not  merely  of  a  certain 
amount  of  the  material  elemenU  oxygen^  hydrtJgen,  carbon*  and  nitrogen 
derived  (directly  or  indirectly)  from  the  water,  carbonic  acid,  and  ammtmia 
of  the  atnumjihere,  but  abo  of  a  certain  amount  of /c»rr^  which  has  bt^en  ex- 
erted, in  rair^ing  these  from  the  lower  phine  of  simple  binary  com  pounds  to 
the  higher  level  of  complex  **  proximate  pnnciple?i;*^  whilst  the  portion  of 
these  actually  converted  into  organized  tissue  may  be  considered  as  the  ex- 
pression of  a  further  measure  of  force,  which,  acting  under  the  directive 
agency  of  the  gerrn^  hm  served  to  build  up  the  fabric  in  its  eharacteristic 
type.  TFiis  eomtrudlvt  action  goes  on  during  the  whole  Life  of  the  Plant, 
which  Ci^sentially  manifests  itself  either  in  the  extension  of  the  original 
fabric  (to  which  in  many  instances  there  seems  no  determinate  limit),  or  in 
the  production  of  the  germs  of  new  and  independent  organ isnjs.  It  is  inter- 
esting to  remark  that  the  developraeut  of  the  more  pormanent  parts  involves 
the  succession  a  I  decay  and  renewal  of  parts  whose  existence  is  temporary ; 
the  *'  fall  of  the  leaf  being  the  effect,  not  the  cause,  of  the  cessation  of  that 
peculiar  functional  activity  of  its  tissue*,  which  consists  in  the  elaboration 
of  the  nutritive  material  retjuired  for  the  production  of  wood.  And  it  would 
seem  as  if  the  duration  of  the  existence  of  &!uch  temfM)rary  |mrti^  stands  in  an 
inverse  ratio  to  the  energy  of  their  action;  the  leavea?  of  "evergreens,"  which 
are  not  cast  off  until  the  appearance  of  a  new  ciueeesisi on,  effecting  their  func* 
tio  mil  eh  {I  age**  at  a  much  less  rapid  rate  than  do  those  of  **  deciduous  "  trees, 
who?:e  rcrm  of  lite  h  far  more  brief, 

11.  Thus  the  final  eaui^e  or  purpose  of  the  whole  Vital  Activity  of  the 
Plant,  s*»  i'ikt  n^i  the  iwlivifiufil  is  concerned,  is  to  pro<iuce  an  iudcliuiu^  ex- 
tension  of  the  deti^M?,  wotidy,  almost  inert,  hut  ptvrma:ient  portions  uf  the 
fabric,  by  the  succession al  duveh>pment»  decay,  and  renewal  of  the  soft,  ac- 
tive, and'  trnnsitory  cellular  parenchyma;  and,  according  to  the  prin**iple§ 
already  stated,  the' descent  of  a  portion  of  the  materials  of  the  latter  to  the 
condition  of  binary  c<nu pounds,  which  is  manifested  in  the  largely  increa^d 
ejchalatton  of  carbonic  acid  that  t4ikei  place  from  the  leaves  iji  the  later  part 
of  the  season^  corner  to  the  aid  of  external  Heat  in  supplying  the  force  by 
which  another  portion  of  those  materials  is  raised  to  the  condition  of  organ- 
ized tihfcue.  The  vital  activity  of  the  Plant,  hfmevcr*  is  further  manitcftted 
in  the  provision  made  for  the  pfopai£ation  of  its  race  by  the  prrKluction  of 
the  germs  of  new  indivubmls  ■  and  he re»  again,  we  observe  that  whilst  a 
higher  ie m pe rat u re  tl i an  t liat  vv h i c h  s u ffi ccs  to  sustai n  th e  o rd  i n a ry  p rocessea 
of  vegetation,  is  usually  required  for  the  development  of  the  flower  and  the 
jnatn ration  of  the  seed,  a  special  provision  appears  to  be  made  in  some  in- 
fit  anees  forlije  evolution  of  force  in  the  sexual  apparatus  itself,  by  the  retro- 
grade metaruorphosit*  id' a  p>rlion  of  the  organic  compounds  prepart'd  by  the 
previous  nutritive  of>ei'ations.  This  seems  tlie  nearest  appr4>acli  presented 
in  the  Vegetable  organimi,  to  what  we  ^hall  And  to  be  an  ordinary  uKKle 
of  activity  in  the  Animal.  That  the  |R*rf>rmance  of  the  generative  act  in- 
volves an  extraordinary  ext>f nditure  of  Vital  force,  appears  from  this  re- 
mit rkable  fact,  that  hlos^soms  which  wither  and  die  as  soon  as  the  ovule** 
have  been  Airtilizcd,  may  be  kept  fresh  for  a  long  perimi  it'  fertilimtion  be 
prevented  by  cutting  off  the  stameDji  before  the  bursting  of  the  anthers. 
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12.  We  are  now  prepared  to  inquire  into  the  raanifestions  of  Vital  Ac- 
tivity in  the  Animal,  and  into  the  sources  of  the  power  by  which  the  various 
forms  of  that  activity  are  sustained.  The  first  of  the  manifestations  is,  as 
in  the  Plant,  the  building  up  of  the  organism  by  the  appropriation  of  ma- 
terial supplied  from  external  sources  under  the  directive  agency  of  the  germ. 
The  ovum  of  the  Animal,  like  the  seed  of  the  Plant,  contains  a  store  of  ap- 
propriate nutriment  previously  elaborated  by  the  parent ;  and  this  store  suf- 
fices for  the  development  of  the  embryo,  up  to  the  period  at  which  it  can  ob- 
tain and  digest  alimentary  materials  for  itself.  That  period  occurs  in  the 
difierent  tribes  of  animals  at  very  dissimilar  stages  of  the  entire  develop- 
mental process.  In  many  of  the  lower  classes,  the  embr}'o  comes  forth  from 
the  egg,  and  commences  its  independent  existence,  in  a  condition  which,  as 
compared  with  the  adult  form,  would  be  as  if  a  Human  embryo  were  thrown 
upon  the  world  to  obtain  its  own  subsistence  only  a  few  weeks  after  concep- 
tion ;  and  its  whole  subsequent  growth  and  development  take  place  at  the 
expense  of  the  nutriment  which  the  embryo  ingests  for  itself.  We  have  ex- 
amples of  this  in  the  class  of  Insects,  many  of  which  come  forth  from  the 
egg  in  the  state  of  extremely  simple  and  minute  worms,  having  scarcely  any 
power  of  movement,  but  an  extraordinary  voracity.  The  eggs  having  been 
deposited  in  situations  fitted  to  aflTord  an  ample  supply  of  appropriate  nutri- 
ment (those  of  the  flesh-fly,  for  example,  being  laid  in  carcases,  and  those  of 
the  cabbage  butterfly  u|)on  cabbage  leaves),  each  larva  on  its  emersion  is  as 
well  provided  with  alimentary  material  as  if  it  had  been  furnished  with  a 
large  supplemental  yolk  of  its  own  ;  and  by  availing  itself  of  this,  it  speedily 
grows  to  many  hundred  or  even  many  thousand  times  its  original  size,  with- 
out making  any  considerable  advance  in  development.  But  having  thus 
laid  up  in  its  tissues  a  large  additional  store  of  material,  it  passes  into  a 
state  which,  so  far.as  the  external  manifestations  of  life  are  concerned,  is  one 
of  torpor,  but  which  is  really  one  of  great  developmental  activity ;  for  it  is 
during  the  pupa  state  that  those  new  parts  are  evolved,  which  are  character- 
istic of  the  perfect  Insect,  and  of  which  scarcely  a  trace  was  discoverable 
in  the  larva ;  so  that  the  assumption  of  this  state  may  b'>  likened  in  many 
respects  to  a  re-entrance  of  the  larva  into  the  ovum.  On  its  termination, 
the  Imago  or  perfect  Insect  comes  forth  complete  in  all  its  parts,  and  soon 
manifests  the  locomotive  and  sensorial  powers  by  which  it  is  specially  dis- 
tinguishe<l,  and  of  which  the  extraordinary  predominance  seems  to  justify 
our  regarding  Insects  as  the  types  of  purely  Animal  life.  There  are  some 
Insects  whose  Imago-life  has  but  a  very  short  duration,  the  performance  of 
the  generative  act  being  apparently  the  only  object  of  this  stage  of  their  ex- 
istence :  and  such  for  the  most  part  take  no  food  whatever  after  their  final 
emersion,  their  vital  activity  being  maintained,  for  the  short  period  it  en- 
dures, by  the  material  assimilated  during  their  larva  state.^  But  those  whose 
period  of  activity  is  prolonged,  and  upon  whose  energy  there  are  extraordi- 
nary demands,  are  scarcely  less  voracious  in  their  Imago  than  in  their  Larva- 
condition  ;  the  food  they  consume  not  being  applied  to  the  increase  of  their 
bodies,  which  grow  very  little  after  the  as.<umption  of  the  Imago-state,  but 
chiefly  to  their  maintenance, — no  inconsiderable  portion  of  it,  however,  being 
appropriated  in  the  female  to  the  production  of  ova,  the  entire  mass  of  which 
deposited  by  a  single  individual  is  sometimes  enormous.  That  the  perform- 
ance of  the  generative  act  involves  not  merely  a  consumption  of  Material, 


*  It  is  not  a  little  curious  that  in  the  tribe  o(  Rotifer  a  ^  or  Wheol-Hnimalcules,  nil 
tbft  niHle»  yet  discovered  Are  entire] y  a sn fan r.hnic  :  not  only  the  whole  of  their  develop- 
ment within  the  egg.  but  the  whole  of  their  active  life  after  their  emersion  from  it, 
being  carried  on  at  the  expense  of  the  store  of  yolk  provided  by  the  parent. 
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but  a  special  expenclittireof  forc^,  appears  from  a  faetto  be  presently  glated^ 
eorrc^p<jndii)g  to  that  already  notieed  (5  11)  in  regard  to  Plauts, 

13.  Now  if  we  look  for  the  source  of  the  various  kinds  of  Force^ — ^ which 
may  he  distinguished  as  constructive,  seusori-rtiotor,  and  generative,— that 
are  manltei?ted  iu  the  different  stages  of  the  life  of  an  Insect,  we  find  them 
to  lie,  on  the  one  hand»  in  the  Heat  with  which  the  organ is?ra  is  supplied 
from  external  sources,  and,  on  the  other,  in  the  Food  provided  for  it.  The 
agency  of  heat,  as  the  moving  power  of  the  const rnctiv^e  opt^ rations,  is  even 
more  distinctly  shown  in  the  development  of  the  Larva  within  the  egg,  and 
in  the  development  of  the  Imago  within  its  pupiv-ease,  than  ft  i^  iu  the  ger- 
minating seed;  the  rate  of  each  of  these  pror^esses  befng  strictly  regulated 
by  the  temperature  to  which  the  organism  is  snbjectcih  Thus*  ova  which 
are  ordinarily  not  hatched  until  the  leaves  suitable  for  the  food  of  their 
larva  have  been  put  forth^  may  be  made,  by  artificial  heat,  to  priwluce  a 
brood  in  the  winter;  whilst,  on  the  other  hand,  if  they  be  kept  at  a  low 
temperature,  their  hatehing  may  be  retailed  almost  indefiuitely  without  the 
destruction  of  their  vitality*  The  same  is  true  of  the  pupa-state;  and  it  i^ 
remarkable  that  during  the  latter  part  of  that  state,  in  which  the  develop- 
mental process  goes  on  with  extraordinary  rapidity,  there  is  in  certain  In- 
sects a  special  provision  for  an  elevation  of  the  temperature  of  the  enjbryo 
by  a  procef^  re.^embling  incubation.  Whether,  in  addition  to  the  heat  im- 
partea  from  withotit,  there  is  any  addition  of  force  developed  witlitu  (as  in 
the  germinating  seed)  by  the  return  of  a  part  of  the  organic  coustitnent^  of 
the  food  to  the  condition  of  bintirv  compounds,  cannot  at  present  he  stated 
with  confidence;  the  probabHity  is,  however,  that  such  a  retrograde  niela- 
niorphosis  docs  take  place,  ad e (plate  evidence  of  its  occurrence  during  the 
incubation  of  the  Bird';?  egg  being  afforded  by  tlie  liberation  of  carbonic 
acid  which  is  there  found  to  be  an  essential  condition  of  the  developmental 
process*  During  the  larva-state  there  is  very  little  pi3wer  of  maintaining  an 
independent  temperature,  so  that  the  sustenance  of  Vita!  Activity  is  still 
mainly  due  to  the  heat  supplied  from  without.  But  iti  the  acti%'e  state  of 
the  |>erfect  Insect  there  is  a  production  of  heat  f|uitQ  comparable  to  that  of 
warm-blooded  animals;  and  this  is  effected  by  the  retrograde  metainorphcisia 
€»f  certain  organic  constituents  of  the  fowl,  of  which  we  find  the  expression 
in  the  exhalation  of  carbonic  acid  and  water.  Thus  the  fmxi  of  Animals 
becomes  an  internal  source  of  heat,  which  may  render  them  iudependent  of  ^ 
estermil  teni|H^rature.  Further,  a  like  retrogmde  metamorphosis  of  certain  | 
eoustituents  of  the  food  is  the  source  of  tliat  ^t7*j*oW-moftir />MA't^  whicli  is  the 
peculiar  characteristic  of  tlie  Animal  organism  :  ibr  on  the  one  hand  the 
demand  for  food,  on  the  other  the  amount  of  metamorphosis  indicated  by 
the  quuulity  of  curbonic  acid  exhaled,  bear  a  very  close  relation  to  the 
ciuanittv  of  that  jK>wer  which  is  put  forth.  This  relation  is  peculiarly  mani* 
feit  in  insects,  since  their  conditions  of  activity  and  repose  present  a  greater 
contrast  in  their  re.«ipeetive  rates  of  metantorphosis,  than  do  those  of  any 
other  iiiiinmls.  Of  the  exercise  of  t^emratls^e  force  we  have  no  similar 
measure  ;  hut  that  it  is  only  a  s|}ec.lal  moditieation  of  ordinary  vital  activity 
appears  from  this  cireumsianee,  that  the  life  of  those  Insects  which  orftiina- 
rily  die  very  noon  after  seieual  congress  and  the  tleposition  of  the  ova,  may 
be  cousielenibly  prolonged  if  the  sexes  be  kept  ajwirt  so  that  congress  can- 
not take  place.  Moreover,  it  has  been  shown  by  recent  inquiries  into  the 
Agamic  reproduction  (if  Insects  and  other  animals,  that  the  process  of 
Generation  differs  far  less  from  tho^  Heproductive  acts  which  must  h^ 
referred  fo  ihe  category  of  the  ordinary  Nutritive  processes,  tlian  had  been  ^ 
previously  suf»(»osed.  V 

14.  Thus,  theUf  we  find  that  in  the  Animal  organism  the  demand  for  fowl 
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kftn  reference  not  merely  to  iu  use  as  a  maierml  frir  the  conetructiOE  of  the 
fkbric ;  foml  ^rres  a  I  :^  as  a  gcoerator  of  /orce ;  and  i\\\^  force  nrny  be  of 
Taric^us  kimif, — Heat  ami  Mot^r- power  being  the  principal  but  by  no  nieaua 
lt«  only  monies  under  which  it  manife8t>'  itt*elf.  We  shall  now  inquire  what 
there  15  peculiar  in  the  sources  of  the  Vital  Force  vvhich  aoimates  the  orgau- 
ysm^  of  the  Ulg^her  animals  at  different  stages  of  Life* 

15.  That  the  Developmental  force  which  occasions  the  evolution  of  the 
germ  in  the  hi^rher  Vertebrate  ijs  really  i^upplied  by  the  heat  to  which  the 
ctvtim  h  i»iihjectcd.  may  be  re^rded  a.^  a  iuct  established  beyond  nil  question. 
In  ih^*  Frog  and  other  Amphibia,  wlueb  have  no  special  means  of  imparting 
a  bi|:h  temperature  to  their  eggs,  the  rate  of  development  (which  in  the 
tarly  stapes  cau  be  loadily  determined  with  great  exactnesi}  is  entirely  ^qv- 
ifti^l  by  die  degree  of  warmth  to  which  the  ovum  is  subjected.  But  in  Ser- 
pents? there  h  a  peculiar  provision  for  supplyjtig  heat  ■  the  female  performing 
a  kind  of  incubation  upon  her  eggs?,  and  generating  iu  her  own  body  a  tern- 
pemture  much  above  that  of  the  surrounding  air'  In  BinJf,  the  develop- 
megital  procea*  can  only  be  maintained  by  the  steady  application  of  external 
umimth^  and  ihij*  to  a  degree  much  higher  than  that  which  h  needed  in  the 
ease  of  cold-blooded  animals;  and  we  may  notice  two  results  of  this  applica- 
tion ft?  very  siguifieant  of  the  dynamical  relation  between  Heat  and  Devel- 
Ofpmeiital  Force, — liri't,  that  the  period  required  for  the  evolution  of  the 
getm  10 to  the  mature  embryo  is  nearly  constant,  each  species  having  a 
Qfffinite  period  of  incubation, — and  second,  that  the  grade  of  development 
attained  by  the  eujbryo  before  ita  emersion  is  relatively  much  higher  thau 
It  is  in  cokbbkHjded  vertebrata  generally;  the  only  instances  in  which  any- 
ihitig  like  the  same  jjtage  h  attained  without  a  sj^cial  incubation,  being 
those  ill  which  (a.*  in  the  Turtle  and  Crocodile)  the  egg*  are  hatched  under 
the  influence  of  a  high  external  temperature.  This  higher  development  is 
attaintKi  at  the  exj»enseof  a  much  greater  consumption  of  nutrient  material ; 
ihe  store  kid  up  in  tl»e  *'  food  yolk  *'  and  "  albumen"  of  the  Bird's  q^^  being 
many  limes  greater  in  pn>portiou  to  the  size  of  the  animal  which  laid  it, 
than' that  contijine<l  in  the  whole  ^g^^  of  a  Frog  or  a  Fish,  There  is  evi- 
dence in  that  liberation  of  carbonic  acid  which  has  been  ascertained  to  go 
on  in  the  egg  (as  in  the  germinating  seed)  during  the  whole  of  the  develop- 
mental process,  that  the  return  of  a  portion  of  the  organic  aulBtances  pro- 
yfded  for  the  sustenance  of  the  embryo,  to  the  condition  of  simple  binary 
compounds^  is  an  essential  condition  of  the  process;  and  since  it  can  scarcely 
be  supposc^d  that  the  object  of  thlg  metamorphosis  can  be  to  furnish  heat  (an 
ample  supply  of  that  force  being  aflbrded  by  the  body  of  the  parent),  it 
^ems  not  unlikely  that  ita  purpose  is  to  supply  a  force  that  concur*  with 
the  he«it  reeeivetl  frimi  without  In  maintaining  the  process  of  organization. 

It*.  The  developnieut  of  the  embryo  within  the  body,  iu  the  Mammalia, 
im|xirts  to  it  a  steady  temperature  equivalent  to  that  of  the  parent  itself; 
and  in  all  save  the  implaeenM  Orders  of  this  clas^,  that  development  is  car- 
ricfl  still  further  than  iu  Birds,  the  new-born  Mammal  being  yet  more  com- 
pIcU?  in  all  its  part%  and  its  size  bearing  a  larger  proportion  to  that  of  its 
ptit,  than  even  in  Birds,  It  is  doubtless  owing  in  great  part  to  the  con- 
mey  of  the  temnerature  to  which  the  embryo  Is  subjected,  that  its  rate  of 
lofunent  (us  snowu  bj  the  fixed  term  of  utern-gealatioQ)  id  m  uniform. 


»  Iti  the*  Vipt*r  ilip  cegj*  are  u^UHlly  reliilncd  wUhin  the  ovkluct  until  tljcy  firo 
Itelelir^.  In  »*  Python,  wKich  wont  through  tho  process  af  incu billion  in  the  Zoit- 
l«);U*iil  Gfiffli*n^t  the  PiiM^  wf^ftj  tnihcddi'd  in  the  colls  of  th*j  IkkIv;  thp  icmpi*rHiup(f 
fip  whirh  I  hey  wrre  fuKjcrtvd  in^  Macertained  l>y  rt  IhermiimotBr  pliiced  m  the  niidst 
wf  tlirmi  avrrHgiiig  W^  F.,  whilst  Ibftt  of  the  a»ge  iiverHgt'd  GO®  F* 
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The  siippL^'  ^^  ori^auizable  niiiterial  here  aflord€*d  by  the  ov«m  it*felf  is  very 
siwall,  iiml  suffices  ddU^  for  the  very  earliest  i^lage  of  the  cmi^triictive  pro- 
ce«i$;  hut  a  gspectal  provision  is  very  soon  made  for  ibe  uutrition  of  the 
embryo  by  niateriala  directly  supplied  by  the  parent ;  aiid  the  imbibitiou 
of  tbcfie  takes  the  place,  duriog  the  whole  remainder  of  fo?taI  life,  of  the 
apprDpriation  of  llie  materials  supplied  in  the  Bird's  egg  by  the  "  tbod 
yolk"  and  "albumen,"  To  what  extent  a  retrograde  metamorphosis  of 
ijutnont  nmterial  takes  phice  in  the  io'tal  Mammal,  we  have  no  precise 
mean^  of  determining;  suiee  the  pn>ductj!  of  that  metaniorphoi?;!^  are  prob- 
ably for  the  most  part  returned  (througb  the  placental  eircnlation)  to  the 
blood  of  the  mother,  and  got  rid  of  through  ber  I'xeretory  apparatus.  But 
sufficient  evidence  of  such  a  metamorphosis  h  afforded  fey  the  presence  of  fl 
urta  )D  the  amniotic  fluid  and  of  biliary  matter  in  the  intestmes,  to  make  it  V 

Srobflble  that  it  tJikes  place  not  le^  acitvely  (to  say  the  least )  in  the  fiptal 
fammnl  thai^it  <b>e.«  iu  the  Chick  in  om.  ludeed/it  h  im|M^^iblc  to  con* 
ceive  of  the  growth  of  any  of  the  higher  organisms — which  not  merely  con- 
sists in  the  formation  of  new  parts,  but  also  luvolves  a  vast  amount  of  inter- 
stitial change — without  perceiving  that  in  the  remodelling  which  islnfCi^santly 
going  on,  the  parts  first  formed  mut^t  be  removed  to  make  way  for  those 
which  have  to  take  their  place.  And  such  removal  can  scarcely  l>e  accom- 
pli ii^hed  without  a  retrograde  metamorphosis,  which^as  iu  the  numerous  eases 
already  referred  to,  fnay  be  considered  with  great  probability  as  setting  fre© 
constructive  ibrc^  to  l)e  applied  in  the  production  of  new  tissue, 

17.  If,  now,  we  pas*  on  from  the  intrauterine  life  of  the  Mammalian 
organism  to  that  period  of  it^  existence  which  intervenes  between  birth  and 
maturity,  we  see  that  a  tem]>orary  provision  is  made  in  the  acts  of  lactation 
and  nursing  for  affording  both  food  and  warmth  to  the  young  e feature, 
whirh  is  at  first  incapable  of  adequately  providing  itself  with  aliment,  or  of 
re^i?*ttng  external  cold  without  fostering  aid.  And  we  notice  that  the  oflT- 
epring  of  Man  remains  longer  dependertt  upon  parental  care  than  that  of 
any  other  Mammal;  in  accordance  with  the  higher  grade  of  development  to 
be  ultimately  attained.  But  when  the  c»erio<l  of  infancy  has  pasficd,  the 
child  that  is  adequately  supplietl  with  food,  and  is  protected  by  the  clothing 
which  maki.^  up  for  the  deficiency  of  other  tegumentary  covering,  aught  to 
be  able  to  maintain  its  own  heat,  nave  in  an  extremely  depressed  tempera- 
ture; and  this  it  does  by  the  metamorphoiiis  of  organic  substances,  partly 
derived  from  its  own  fabric,  and  partly  supplied  directly  by  the  foocl,  into 
binary  compounds.  During  the  whole  [>eriod  of  growth  and  development, 
we  find  the  producing  power  at  its  highest  j)<)int :  the  cii*eulation  of  bli>od 
being  more  rapid,  and  the  amount  of  carlK>nic  acid  gas  generated  and  thrown 
oil"  f icing  mueh  greater  in  proportion  to  the  bulk  of  the  body»  than  at  any 
subsequent  period  of  life.  We  find,  loo,  in  the  large  amount  of  other  excre- 
tions, the  evidence  of  a  rapid  metainorphom*i  of  tissue :  and  it  can  hardly 
be  questioned  (If  our  general  doctrine-s  Ik?  well  founded)  that  the  construc- 
tive force  which  operates  in  the  completion  of  the  fabric  will  be  derived  in 
part  from  the  heat  so  largely  generated  bv  chemical  change,  and  in  part 
from  the  deeic*'Ut  which  a  portion  of  the  fabric  it  self  U  continually  mak* 
ing  from  the  higher  plane  of  organized  imue  to  the  lower  plane  of  dead 
matter.  This  high  measure  of  vital  activity  can  only  he  iiustained  by  an 
amjde  s^upply  of  Food ;  whicdi  thus  supplies  both  wmf^i'i'ei^  for  tlit*  construc- 
tion of  the  organism,  and  the  forve  by  whose  agency  that  construction  is 
accompli^beil.  How  completely  dependent  the  ctmstruetive  or  organizing 
oroce*;!*  still  is  upon  Heal,  is  shown  by  the  phenomena  of  reparation  in  cold- 
blooded animals ;  since  not  only  can  the  rate  at  which  they  take  place  be 
exfierimentaUy  shown  u>  bear  a  direct  relation  to  the  temfierature  to  which 
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llacfe  lujifniili*  are  subjected,  but  h  has  been  ascertained  that  any  extraon]!* 
iiaiy  aci  of  reparatiou  (mcU  m  the  repraduetion  of  a  limb  in  the  Salaniander) 
Will  only  be  performed  under  the  iuflueuce  of  a  temperature  mueh  higher 
thmn  that  refjyired  far  the  roaintensoee  nf  the  ordinary  vital  activity. 

!>**  After  the  niaiunty  of  the  Organism  has  been  attaiue*!,  there  is  no 
loiiger  any  call  for  a  larger  measure  of  cou?tructive  force  than  k  required 
fyf  th%  minnt^mmce  of  its  integrity;  and  if  there  were  no  other  source  of 
rvlro^rade  metamorphosis  than  that  which  is  inherent  in  the  peculiar  com- 
pcMllioii  of  the  tissues,  the  demand  for  tood  would  be  reduced  to  very  little 
more  than  would  suffice,  by  its  ultimate  couvem*>u  into  water  and  carbonic 
Add,  to  keep  u p  the  Tern perature  of  the  body.  But  the  eoud itions  of  An i  mal 
ttliiteiiee  invoive  a  constant  expenditure  of  Motor  force  through  the  instru- 
aientaiitj  of  the  Nenrtvmusoular  ap]>aratus,  as  well  as  a  Jibe  rati  on  of  Heat ; 
and  the  exercise  of  the  purely  PmjcMf^l  p>wcrs  through  the  instrumentality 
of  the  Brain  constitutes  a  further  exi>enditure  of  force,  even  when  no  bxlily 
exertion  is  made  as  its  result.  We  have  now  to  consider  the  conditions 
Qoder  which  these  farces  are  developed,  and  the  sources  from  which  they  are 
derived. 

19,  That  the  Motor  force  which  is  put  forth  in  the  contraction  of  a  Muscle, 
b  gcuerated  by  the  oxygenation  of  tlie  component  elements,  either  of  the 
muscle  itself,  or  of  the  blood  wliich  circulates  thruugh  it,  may  he  eou3*idereti 
as detDOQstratcd  by  these  two  facts:  (1)  tfiat  while  the  blood  which  circu- 
lates thniugh  a  Muscle  at  rest  is  returned  by  iu  veins  in  au  almost  arterial 
eondition,  its  hue  changes  to  venous  as  soon  m  the  muscle  is  thrown  into 
action  ;  and  i2i  that  the  *|uantily  of  Carbonic  acid  exhaletl  beai^  a  constant 
relation,  atfrrU  intrilm,  to  the  amount  of  muscular  exertion  put  forth,  as 
hae  been  e»jH.'ciaUy  »[\u\\u  by  the  experiments  of  Mr.  Newport  and  Dr.  Ed- 
ward 8rnitli  ;  the  Ibriuer  upon  Insects,  the  latter  on  the  Human  subject*  It 
la  interesting  to  note  the  different  ways  in  which  this  oxygenation  is  brought 
aUmi  lu  the  two  *."a^e:?.  In  the  Insect  the  aeration  ia  quite  independent  of 
the  bltMjdH:irculatiou  ;  being  providtHl  for  by  the  direct  penetration  of  air, 
through  the  ramifications  of  the  inwhetz^  intu  the  substance  of  the  musscles. 
But  iu  Man  as  in  Vertebra ta  generally,  the  Blood  is  not  only  the  nutrient 
but  b  alsKj  the  oxtfgenfitin^  medium  \  and  while,  in  the  Organic  compouudi 
with  which  it  is  charged,  it  has  a  store  of  **  potential  energy/^  it  is  only  by 
the  prcstiuee  t>f  the  free  Oxygen  which  it  carries  with  it,  that  tho^e  changes 
can  be  maintained  whereby  "potential  energy**  is  converted  into  ■'actual 
energy/*  When  the  doctrine  now  known  as  that  of  the  **  Conservation  of 
Kjiergy  "^  I'kas  finit  worked  out  in  regard  to  the  production  of  Animal  Force, 

»  Tbe  ««rlif*i  difttinci  geoeral  t*3tpre^i<»n  s>T  thi*  dtjctrlne  is  to  be  found  in  thw  very 
fcfiiftfkubl**  tf ciitUe  of  Dr.  M«yer  (Die  orgtttiieehe  Bt*wc>gurig  in  jliren  Xusiimmen- 
tiHTige  mil  dem  Stoffwecbsel,  HeUhronnt  1846)^  in  which  lie  worked  cuit  trom  tins 
lwt»  fiintluiniriiU*!  axiumsij  '*  Kr  nihih  nil  Jit^^'  and  "Nil  ft  ad  nthihtm,-'  the  whole 
iy*t«?m  of  doctrine  wliich  hn*  tincc  conia  la  he  knowri  jis  thttt  of  llio  "  Coppeliition  of 
Forceji/'  iifid  the  •*  ConJiervMlion  of  Energy/'  in  ita  fippliuivitu^  alike  to  Fbyjiic«*  mid 
Cli^fJiistry  iirid  to  Pby«iology.  S\f  WiUism  Gnjve  wh*  BinuilUiTieously  t?rit(iigotl  in 
itie  d«*volojttiit?iit  of  tlio  doctnnL'  of  the  '*  CurrelntUm  of  th^  Physkral  Forces  ''  us  Prof. 
H**hnh*rlu  Wfis  in  thut  of  the  **  Conswrvnljon  of  Ejier^y  ;"  nml  witlimit  nny  knnivl- 
r-dge  r>f  tUt^  pruvious  lMbop»  **Uhnr  of  Dr.  Mayer  or  of  Prof.  llL-linholta,  ihr  Author 
of  ihi*  TrptUi*«  df*veionfHi  ti  aimilrir  di^ctrinc  in  hU  Memoir.  On  th«  MutUfil  Reln- 
ttftn-  **f  tli^i  Vilnl  una  Plrvskul  Furec^s,  published  in  tb«  Philu^ophiciil  TrNneac- 
lion*  fi*T  W^.  [In  a  publialicd  Inlroduciory  LocUire,  deHvered  by  Prof  Samuel 
Jiick^^in,  of  tlj<.*  Univpffity  ot  Pcnn-^yJvuniu,  itt  tht"  opening  of  the  ^es-^ion  of  W^7- 
IS^^,  Im  ii«f^  Ihi'i'c  Words:  *'  Phyaicitl  jihenqro«n;i,  wccording  to  the  cbi!i>*lh(W  brdtJUg 
t^...  iir*»  rrlL*rpi-d  lo  n  Tt^w  simpio  law*,  ii^  £friivity,  eiilorie,  lifflnity,  pdvimi^m,  eliw- 
t^idty,  iuitgnetj?ni«ii11  of  whifh,  it  etin  m^w  l>e  scarcely  doubtedj  Jire  tjiodiflciilions  uf 
Qin«#  great  law  or  force"] 
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it  was  supposed  that  every  exertion  of  muscular  power  involved  a  metamor- 
phosis of  the  tissue  of  the  muscle  itself,  sufficieut  in  its  amount  to  produce 
the  mechanical  equivalent  of  the  heat  that  would  be  otherwise  liberated  by 
the  combustion  of  its  Hydrocarbon.  But  the  observations  of  MM.  Fick 
and  Vislicenus  on  the  increase  of  the  urea  and  other  nitrogenous  products 
of  the  disintegration  of  muscle,  which  shows  itself  in  the  Urine  during  and 
after  prolonged  muscular  exertion — confirmed,  as  they  have  been,  by  the 
results  of  many  similar  inquiries — seem  to  place  it  beyond  doubt  that  the 
amount  of  Motor  energy  put  forth  is  so  completely  out  of  proportion  to  that 
of  the  muscular  tissue  which  we  can  suppose  to  have  been  consumed,  that 
we  cannot  do  otherwise  than  attribute  it  in  great  part  to  the  oxygenation  of 
the  uou-azotized  comjwnents  of  the  Blood  during  its  passage  through  the 
muscle.  What  is  the  peculiar  condition  which  determines  this  oxidation,  is 
at  present  undetermined  ;  but  it  would  seem  not  improbably  related  to  the 
electric  changes  of  which  (as  will  be  shown  hereafter)  the  contracting  muscle 
is  the  seat. 

20.  The  case  seems  different,  however,  in  regard  to  the  generation  of 
Nerve-force ;  for  there  is  great  reason  to  believe  that  its  production  is 
mainly,  if  not  entirely,  dependent  upon  the  oxygenation  of  the  Nerve-sub- 
stance itself.  Its  rapid  metamorphosis,  particularly  in  the  cortical  substance 
of  the  brain,  is  indicated  alike  by  many  histological  characters,  and  by  the 
appearance  of  the  special  products  of  that  metamorphosis  in  the  Urine; 
where  the  quantity  of  the  alkaline  phosphates,  whose  production  may  fairly 
be  attributed  to  the  oxidation  of  the  phosphorized  fata  of  the  nerve-tissue, 
bears  a  very  close  relation  to  the  quantity  of  Brain-work  executed.  The 
enormous  supply  of  Blood  which  the  Brain  receives — as  much  as  one-fifth 
part  of  the  whole  Arterial  stream  being  sent  to  an  organ  whose  weight  does 
not  exceed  one-fortieth  that  of  the  entire  body — is  another  evidence  of  the 
activity  of  the  changes  continually  in  progress  betweeu  the  Blood  and  the 
Nerve-substance.  We  may  roughly  liken  the  Brain  to  a  Galvanic  battery, 
and  the  Blood  to  its  exciting  liquid.  When  the  circuit  is  closed,  a  rapid 
oxygenation  of  the  Nerve-substance,  as  of  the  zinc  of  the  battery,  takes 
place  ;  and  a  corresponding  equivalent  of  Nerve-force  (which  seems  closely 
related  to,  but  not  identical  with.  Electricity)  is  generated.  But  the  Blood 
also  serves  for  the  nutritive  renewal  of  the  Nerve-substance  in  its  intervals 
of  repose;  thus  supplying  it  with  the  "potential  energy,"  which  is  con- 
verted into  "actual  energy"  by  the  oxygenation  that  destroys  it  as  a  living 
tissue.  How  intimate  is  the  dependence  of  the  generation  of  Nerve-force 
on  the  supply  of  Blood  to  the  Brain,  is  proved  by  the  effect  of  its  suspen- 
sion ;  for  if  this  be  complete,  there  is  an  immediate  cessation  of  conscious- 
ness and  motor  power.  And  that  this  cessation  of  activity  is  due  rather  to 
the  want  of  the  Oxygen  supplied  by  the  Blood,  than  to  that  of  its  nutrient 
material,  appears  from  the  recent  experiments  of  Professor  Bert,  of  the  Col- 
lege de  France.  For  having,  by  means  of  an  apparatus  capable  of  includ- 
ing the  entire  human  body,  and  of  being  exhausted  of  it^  air  to  any  re- 
quired degree,  brought  on  the  faintness  and  exhaustion — proceeding  even 
to  a  state  resembling  asphyxia — which  is  known  as  the  mat  des  montagneis, 
he  found  that  this  was  immediately  and  completely  relieved  by  the  inspira- 
tion of  air  highly  charged  with  oxygen.  And  two  aeronauts,  MM.  Oroc6- 
Spinelli  and  Sivel,  having  inspired  from  bags  containing  such  a  mixture, 
found  themselves  in  possession  of  their  consciousness  and  power  of  exertion, 
under  a  diminution  of  pressure  which  had  reduced  Me&srs.  Glaisher  and 
Cox  well  to  a  state  of  insensibility.^ 

»  Comptes  Rendus,  March  80th,  1874 
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21.  To  sum  up:  The  Life  of  Man  essentially  consists  in  the  manifestation 
of  Forces  of  various  kinds,  of  which  bis  Organism  is  the  instrument;  and 
these  Forces  are  developed  by  the  retrograde  metamorphosis  of  the  Organic 
Compounds  generated  oy  the  instrumentality  of  the  Plant,  whereby  they 
ultimately  return  to  the  simple  binary  forms  (water,  carbonic  acid,  and  am- 
monia) which  serve  as  the  food  of  plants.  Of  these  organic  Compounds, 
one  portion  (a)  is  converted  into  the  tissues  of  the  living  body,  by  a  con- 
structive force  which  (in  sq  far  as  it  is  not  supplied  by  the  direct  agency  of 
external  Heat)  is  developed  by  the  retrograde  metamorphosis  of  another 
portion  (6)  of  the  food.  And  whilst  the  ultimate  descent  of  the  first-named 
portion  (a)  to  the  simple  condition  from  which  it  was  originally  drawn,  be- 
comes one  source  of  the  peculiarly  Animal  powers — the  p&yoMcal  and  the 
motor — exerted  by  the  organism,  another  source  of  these  may  be  found  in  a 
like  metamorphosis  of  a  further  portion  (c)  of  the  food  which  has  never 
been  converted  into  living  tissue.  The  generative  force,  as  in  the  Plant,  is 
evidently  an  expression  of  the  ordinary  constructive  force ;  and  there  seems 
reason,  moreover,  for  regarding  it  as  a  very  high  expression,  its  too  rapid 
expenditure  producing  a  peculiarly  depressing  effect  upon  the  vital  power 
of  the  organism,  which  tends  to  its  dissolution.  But  whilst  we  find  the  ulti- 
mate source  of  the  whole  vital  "power  of  the  organism  in  the  supplies  of 
Food  and  of  Heat  which  it  derives  from  external  sources,  it  must  never  be 
forgotten  that  its  capacity  to  avail  itself  of  those  supplies  depends  upon  its 
own  original  constitution ;  and  that  as  the  form  into  which  the  Germ  de- 
velops itself  depends  upon  its  own  specific  endowments,  so  the  particular 
modification  of  that  form  presented  by  each  individual  must  depend  (all 
external  conditions  being  the  same)  upon  its  own  indimdual  endowments — 
the  difierences  between  these  being  at  present  only  vaguely  referable  to  ante- 
cedent conditions  of  the  parental  organism. 


CHAPTER    II. 

DISTINCTIVE   CHARACTERISTICS   OF    MAX. 

22.  In  entering  upon  the  study  of  that  aggregation  of  phenomena  which 
concititutes  the  Life  of  Man,  it  seems  appropriate  in  the  first  instance  to  con- 
sider his  relations  to  other  types  of  Animal  organization  ;  and  to  examine 
what  there  is  in  his  corporeal  and  psychical  characters,  which  most  distinctly 
differentiates  him  from  the  beings  he  most  nearly  resembles.  All  Zoologists 
are  agreetl  that  his  place  is  at  the  head  of  the  Mammalian  class  of  the 
Vertebrate  subkingdom ;  and  that  as  regards  both  the  general  plan  of  con- 
formation and  the  details  of  anatomical  structure,  there  is  a  very  close 
approximation  between  the  genus  Homo  and  the  semierect  tailless  Apes 
belonging  to  the  genera  Troglodytes  and  Plthenis.  But  there  is  a  consider- 
able difference  of  opinion  as  to  the  mode  in  which  this  relationship  should 
be  expressed.  By  Linnseus,  the  Apes  and  Man  were  included  with  Lemurs 
and  Bats  in  one  and  the  same  Order  Primates  ;  and  in  this  non-separation 
of  Man  from  the  Apes,  he  has  been  followed  by  several  modern  Zoologists 
of  great  eminence.  On  the  other  hand  Blumenbach,  who  in  this  was  fol- 
lowed by  Cuvier,  maintained  that  the  distinctive  characters  of  the  genus 
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ffomo  are  suffieieDt  to  entille  man  to  rank  a^  the  type  of  a  separate  Order, 
to  which  he  gave  the  name  of  Bimaka,  considering  it  to  be  specially  diHtin- 
gui^licd  hy  ihe  po&^e^ioti  of  two  hand^  from  the  Qua  drum  an  A,  which  [M>8r 
ae&s  four  nearly  similar  haodl ike  extremities.  And  Prof  Owen  has  recently 
gone  a  step  further,  by  raising  Hmno  into  a  subclass  Arcuekckfhala,  oa 
the  ground  that  his  *'  psychological  powers,  in  association  with  hit)  extraor- 
dinarily develo|>ed  brain,  entitle  the  group  which  he  represents  to  equivaleat 
rank  with  the  other  prinmry  divisions  of  the  class  Mammalia,  foundml  au 
cerebral  characters/*^  Although  the  discussion  of  questions  of  syst^eniatie 
arrangement  is  the  }*ro|>er  busiuess  of  the  Zoologist,  yet  tlie  inquiry  inlu  the 
exact  nature  and  amount  of  the  differences  between  Man  and  tfie  ti<o-called) 
Qiutdrumfnta  fallt:^  legitimately  within  the  province  of  the  Phy^iologltit,  and 
may  therefore  be  aptjropriaiely  dealt  with  in  this  place*  lu  the  pursuit  of 
thi«  inquiry,  it  m  most  important  to  distiuguish  between  iho^  ^truetural 
peculiarities  of  which  alone  the  Anatomist  can  take  coguiEauci.%  and  those 
psyi'hical  manifes^laiiont^  of  which  the  sources  are  altogeilier  bt^y^md  bis  ken  ; 
for  the^e  two  orders  of  facta  cannot  be  legitimately  brought  into  the  same 
category,  and  any  attempts  to  blend  them  can  lead  to  liothing  but  etrnfusion* 
It  k  the  jmjvtuce  of  the  Comparative  Anatomist  to  deal  with  Man*s  cor- 
tKireal  organism,  m  if  he  knew  nothing  mwre  timu  the  ftict^  brought  under 
his  observation  iu  the  diE?j§ectiiJg*nH>m  :  scrutinizing  every  fieeuliarity  in  its 
structure  in  exactly  tlie  #ame  j^pirit,  and  vnluing  it  aceortliug  to  exactly  tlie 
same  meai^yrc,  that  he  would  bring  to  the  investigation  of  the  peculiarities 
of  some  ue\\ly  discuvered  type,  known  to  him  only  by  dead  specimens.  And 
although  be  might  safely  asi^ign  to  the  genus  Homo  a  t'tructural  capacity  for 
the  trcct  })osture,^ — u  specialty  in  the  eonformatitio  of  the  anterior  and  pos- 
terior extremities,  imparting  to  the  former  a  jjcculiar  power  of  varied  and 
minute  prehension,  and  fitting  the  latter  for  bipetl  progression,— and  a  rela- 
tively larger  and  more  complex  brain,  rendering  it  probable  tlwit  the  psych ieal 
faculties  of  which  it  is  the  instrument  wouhl  be  more  elevated  and  more  pre- 
dominant,—yet  there  he  must  stop  ;  since  he  cannot  discover  in  Man'y  cor- 
poreity the  faintest  indication  of  those  Intellectual  and  Moral  attnbute:^  by 
which  he  holds  himself  to  be  specially  distinguished  frcmi  the  brute  creation, 
of  that  Progressive  Reason  which  draws  even  the  Infinite  within  its  scope, 
of  that  upward  aspiration  after  Truth  and  Goodness  which  ranges  even 
beyond  his  intellectual  couceptiim,  ot  tliat  yenruing  after  a  purely  iSpIritual 
existence  which  refuses  to  recognize  iu  bodily  decay  anything  but  the  libera- 
tion of  the  imprisoned  Souh  These  are  facts  of  Man's  nature  not  le^s  neces- 
sary to  be  taken  into  account  iu  the  estimation  of  bis  position  in  the  Universe 
than  those  wl»ich  are  supplied  by  his  bodily  organization ;  and  it  is  not 
gurprisiug  tbU  by  a  i^jo  exclusive  regard  to  them,  many  eminent  Naturalists, 
from  Arij5totie  downwards,  have  been  led  to  lunintain  that  Man  ought  not 
to  be  iuchided  in  the  Animal  Kingdom  at  all,  but  should  be  ranked  in  a 
kingdom  by  him:*elf.  This,  ht>wever,  is  a  position  which  cannot  l>e  consist- 
ently held  by  any  one  who  reec^gnizes  Anatomical  strueture  as?  the  true  basis 
of  Zfjoiogical  cki^ific^tion.  For  granting  that  Man  is  di.stinguishcd  from 
every  other  form  of  terrestrial  being  by  psychical  attributes  which  bring  him 
into  relation  with  Infinite  Intelligence,  he  does  not  the  le^s  belong  to  the 
Animal  Kingdom  in  his  present  stage  of  existence,  in  virtue  of  his  possessiou 
of  every  attribute  by  which  an  Animal  U  charactenieed,  and  the  abdence  of 
any  peculiarity  whatever  in  his  organisation  which  can  be  shown  to  remove 
him  from  that  category.     And  since  it  is  only  ojt  an  ntumof  that  be  is  taken 

*  Oa  tb«  Cbiiriicti*r»  and  CUeeiUcnlloTi  pr  the  MjintmRllir,  in  Jaurattl  df  the  Pru* 
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cognizaoce  of  by  the  Zoologist,  it  is  only  with  his  structural  characters  that 
the  2kM)logist  should  coDcern  himself.  In  this  point  of  view  it  appears  to 
the  author  clearly  demonstrable  that  the  structural  distinctions  by  which 
Man  18  separated  from  the  higher  Apes  are  much  smaller  in  amount  than 
those  by  which  the  latter  are  separated  from  the  lower  Quadrumana ;  and 
hence  that  the  Linnteau  association  of  ifan  and  the  Quadrumana  in  the 
same  primary  group  is  much  more  correct  than  the  ordinal  separation  of  the 
Bimana  and  Quadrumana  maintained  by  Cuvier,  and  a  fortiori  than  the  prop- 
osition of  Prof.  Owen  to  rank  Man  in  a  distinct  sub-class. 

23.  As  the  ordinal  separation  of  the  Bimana  from  the  Quadrumana  has 
coDie  to  be  generally  accepted  upon  the  authority  of  Cuvier,  it  will  be  desira- 
ble to  begin  by  examining  into  the  validity  of  the  characters  on  which  it 
rests;  comparing,  in  the  first  place,  the  hand  and  the  foot  of  Man  with  the 
corresponding  extremities  of  the  higher  Apes ;  and  then  inquiring  whether 
the  differences  which  they  respectively  present,  either  surpass  in  degree  those 
with  which  we  meet  in  a  like  comparison  between  the  extremities  of  the 
higher  Apes  and  tha«e  of  the  lower  Monkeys,  or  can  be  justly  held  to  depart 
from  them  in  kind.  There  is  in  Man,  what  we  observe  in  none  of  the  Mam- 
malia which  approach  him  in  other  respects,  a  complete  distinction  in  the 
character  of  the  anterior  and  posterior  extremities ;  the  former  being  adapted 
for  prehension  alone,  and  the  latter  almost  exclusively  for  support  and  pro- 
gression :  and  thus  each  function  is  performed  with  much  greater  complete- 
De»,  than  it  can  be  when  two  such  opposite  purposes  have  to  be  united. 
"That,"  says  Cuvier,  "  which  constitutes  the  hand,  properly  so  called,  is  the 
faculty  of  opposing  the  thumb  to  the  other  fingers,  so  as  to  seize  upon  the 
moet  minute  objects;  a  faculty  which  is  carried  to  its  highest  degree  of  per- 
fection in  Man,  in  whom  the  whole  anterior  extremity  is  free,  and  can  be 
employed  in  prehension."  The  peculiar  prehensile  power  possessed  by  the 
Hand  of  Man,  is  chiefly  dependent  upon  the  size  and  power  of  the  thumb ; 
which  is  more  developed  in  him,  than  it  is  in  the  highest  Apes  (Fig.  1 ).   The 
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I 
Hand  of  Man,  compared  with  anterior  extremity  of  Drang. 

thumb  of  the  Human  hand  can  be  brought  into  exact  opposition  to  the  ex- 
tremities of  all  the  fingers,  whether  singly  or  in  combination  ;  while  in  those 
Quadrumana  which  most  nearly  approach  man,  the  thumb  is  so  short,  and 
the  fingers  so  much  elongated,  that  their  tips  can  scarcely  be  brought  into 
opposition  ;  and  the  thumb  and  fingers  are  so  weak,  that  they  can  never  be 
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opposed  to  each  other  with  any  degree  of  force.  Hence,  although  well  suited 
to  cling  round  bodies  of  a  certain  size,  such  as  the  small  branches  of  trees, 
etc.,  the  anterior  extremities  of  the  Quadrumana  can  neither  seize  very 
minute  objects  with  such  precision,  nor  support  large  ones  with  such  firm- 
ness, as  are  essential  to  the  dexterous  performance  of  a  variety  of  operations 
for  which  the  hand  of  Man  is  admirably  adapted.  This  adaptation,  how- 
ever, is  not  obtained  by  means  of  any  new  instrumentality;  for  the  anterior 
extremity  of  the  Orang  or  Chimpanzee  possesses  not  only  every  bone,  but 
every  muscle,  which  is  found  in  that  of  Man ;  and  its  only  structural  differ- 
ences consist  in  the  proportionate  development  of  the  several  components  of 
these  organs  respectively.  But  the  functional  powers  of  the  anterior  ex- 
tremity are  not  related  solely  to  its  own  structure ;  since  the  use  that  can  be 
made  of  the  limb  depends  in  part  upon  its  relations  to  the  body  at  large,  the 
general  conformation  of  which  must  be  adapted  to  turn  its  special  capacity 
to  advantageous  account.  Thus,  while  the  arm  of  the  higher  Apes  has  as 
wide  a  range  of  motion  as  that  of  Man,  so  far  as  its  articulation  is  concerned, 
it  is  only  when  the  animal  is  in  the  erect  attitude  that  the  limb  cau  have 
free  play.  And  even  the  most  perfect  organization  of  the  hand  as  an  instru- 
mental structure  would  be  comparatively  valueless,  without  the  mind  by 
which  its  actions  are  prompted,  and  the  senses  by  which  they  are  guided. 

24.  The  Foot  of  Man,  in  like  manner,  differs  from  that  of  the  higher 
Apes,  in  those  characters  which  specially  adapt  it  to  the  support  of  the 
body  in  the  erect  posture,  and  to  biped  progression ;  in  which  adaptation 
it  loses  much  of  that  prehensile  power  which  the  posterior  extremities  of 
the  higher  Quadrumana  possess  almost  equally  with  their  anterior.  The 
Human  foot  is,  in  proportion  to  the  size  of  the  whole  body,  larger,  broader, 
and  stronger,  than  that  of  any  other  Mammal  save  the  Kangaroo.  The 
surface  of  the  Astragalus,  which  articulates  with  the  tibia,  looks  almost 
vertically  upwards,  and  hardly  at  all  inwards  when  the  sole  is  flat  upon 
the  ground,  and  the  lateral  facets  are  more  nearly  at  right  angles  to  this 
surface  than  in  any  Ape.  The  plane  of  the  foot  is  directed  at  right  angles 
to  that  of  the  leg ;  and  its  sole  is  concave,  so  that  the  weight  of  the  body 
falls  on  the  summit  of  an  arch,  of  which  the  os  calcis  and  the  metatarsal 
bones  form  the  two  points  of  support.  This  arched  form  of  the  foot,  and 
the  contact  of  the  whole  plantar  surface  with  the  ground,  are  peculiarly 
noticeable  in  Man  ;  most  of  the  Apes  having  the  os  calcis  small,  straight, 
and  more  or  less  raised  from  the  ground,  which  they  touch,  when  standing 
erect,  with  the  outer  side  only  of  the  loot  (Fig.  2).  The  function  of  the 
halluXj  or  great-toe,  moreover,  is  strikingly  contrasted  in  Man  and  the 
AjK's ;  for  whilst  in  the  latter  it  is  nearly  as  opposable  as  the  thumb,  and 
can  be  used  to  almost  the  same  degree  as  an  instrument  of  prehension,  it 
chiefly  serves  in  the  former  to  extend  the  basis  of  support,  and  to  advance 
the  body  in  progression.  But  neither  in  its  osteology  nor  in  its  myology  is 
there  any  essential  difference  between  the  foot  of  Man  and  the  posterior  ex- 
tremity of  the  higher  Apes;  for  every  bcme  and  every  muscle  in  the  one 
has  its  counterpart  in  the  other ;  and  there  is  nothing  which  really  assimi- 
lates the  posterior  to  the  anterior  extremity  of  the  Ape,  or  entitles  the  for- 
mer to  be  considered  as  a  hand,  save  the  opposability  of  the  great-toe.  It 
is  certain,  moreover,  that  this  faculty  is  not  originally  wanting  in  Man, 
although  it  may  be  destroyed  by  the  disuse  produced  by  the  habit  of  inclos- 
ing the  foot  in  rigid  investments;  for  among  nations  by  whom  that  habit  is 
not  practiced,  we  often  find  that  the  great-toe  can  be  sufficiently  opposed  to 
the  other  toes  to  render  the  foot  a  useful  instrument  of  prehension,  and  that 
many  actions  are  commonly  performed  by  its  means,  which  we  are  accus- 
tomed to  regard  as  requiring  manual  agency.     And  in  the  case  of  individ- 
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uals  among  ourselves,  who  have  either  been  congenitally  deficient  in  the 
anterior  extremities,  or  who  have  subseauently  lost  them,  practice  only  has 
been  required  to  enable  the  posterior  to  be  turned  to  the  like  account. 

Fio.  2. 


Foot  of  Mao,  compared  with  posterior  extremity  of  Orang. 

25.  When  the  comparison,  of  «vhich  the  leading  points  have  now  been 
sketched,  is  extended  further,  we  meet  with  differences  that  cannot  but  be 
accounted  of  far  greater  importance,  both  in  degree  and  in  kind,  than  those 
already  enumerated.  Thus  in  the  eutire  group  of  Platyrrhine  Monkeys,  we 
find  that  the  thumb  is  not  opposable,  but  ranges  with  the  other  digits,  so 
that  it  can  only  be  used  consentaneously  with  them  in  the  act  of  prehen- 
sion ;  while  in  the  Aides,  or  Spider-Monkey,  the  thumb  is  altogether  want- 
ing, and  although  a  great-toe  is  present,  it  can  neither  be  used  like  that  of 
Man  for  support,  nor  be  opposed  to  the  other  digits  as  in  the  higher  Quad- 
rumana,  the  posterior  and  anterior  extremities  being  strikingly  assimilated 
in  iitructure,  and  l>eing  alike  adapted  to  serve  only  as  ciaspers.  Among  the 
Baboons  and  Lemurs,  moreover,  we  find  that  the  conformation  alike  of  the 
anterior  and  of  the  posterior  extremities  is  such  as  to  assimilate  them  at 
least  as  much  to  the  lower  quadrupedal  as  to  the  higher  quadrumano us  type; 
so  that  between  the.  two  extremes  of  the  series  of  which  the  anthropoid  Apes 
are  the  highest  and  the  Baboons  and  Lemurs  are  the  lowest  members,  there 
is  a  far  wider  interval,  as  regards  the  conformation  of  the  extremities,  than 
that  which  separates  the  former  from  Man. 

26.  The  next  series  of  distinctive  characters  to  be  considered,  are  those 
by  which  Man  is  adapted  to  the  erect  attitude. — On  examining  his  Cranium, 
we  remark  that  the  occipital  condyles  are  so  placed,  that  a  perpendicular 
dropped  from  the  centre  of  gravity  of  the  head  would  nearly  fall  between 
them,  so  as  to  be  within  the  base  on  which  it  rests  upon  the  spinal  column. 
The  foramen  magnum  is  not  placed  in  the  centre  of  the  base  of  the  skull, 
but  just  l)ehind  it;  so  that  the  greater  specific  gravity  of  the  posterior  part 
of  the  head,  which  is  entirely  filled  with  solid  matter,  is  C(mipensuted  by 
the  greater  length  of  the  anterior  part,  which  contains  many  cavities.  There 
is,  indeed,  a  little  over-compensation,  which  gives  a  slight  preponderance  to 
the  front  of  the  head,  so  that  it  drops  forwards  and  downwards  when  all  the 
muscles  are  relaxed ;  but  the  muscles  attached  to  the  back  of  the  head  are 
fiir  larger  and  more  numerous  than  those  in  front  of  the  condyles,  so  that 
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ill Gv  are  evidently  intended  to  eounteract  tbis  disposHioii ;  and  we  accord- 

lugly  find  oURsclve^  able  to  keep  up  tbe  bead  for  tlie  whole  tlay  with  &*i^ 
alighl  find  involuntary  an  eilbrt  tbut  no  fatigue  h  produced  by  it.     Mora^jH 
over,  the  piano  of  tbe  forameo   magnum  and  tbe  surfact^  of  tht?  eotidylt^^^ 
have  a  nearly  horizontal  direotion  when  tbe  bead  is  n|>nght ;  and  thuit  the 
weight  of  tbe  ekuU  is  laid  vertically  upon  tbe  top  of  the  vertebral  eulumu.^ — 
If  the^e  arrangements  be  compared  with  those  which  prevail  in  other  Mam- 
malia, it  will  be  found  that  the  foramen  and  condyles  are  placed  in  the  lat- 
ter much  nearer  the  back  of  ibe  bead,  and  that  their  plane  is  more  oblique. 
Thus,  whilst  the  foramen  magnum  m  gtitnated  in  Man  just  behind  tbe  centre 
of  tbe  ba^  of  the  skull,  it  is  found  in  tbe  Chimpanzee  and  Orang-outang 
to  occupy  the   middle  of  the  |>osterior  third   (Fig.  3);  aud,  as  we\lej*cend 
through  the  scale  of  Mammalia,  we  observe  that  it  gradually  approaches 
the  hack  of  the  skull,  and  at  last  comes  uearly  into  the  Fme  of  its  longest 


Fki.31 


^ 


ftV 


view  pr  lh<j  bii«  of  tbeBkuU  of  Mftn^  rofiif*ffd  wlih  ihmt  of  Uie  OrAng-oiitjiiig. 


diameter,  as  we  see  in  the  Horse.     Again,  in  all  Mammalia  except  Mao. 
tbe  plane  of  the  condyles  is  oblique,  so  that,  even  if  the  head  were  equally 
balanced   ui>ou  them,  tbe  force  of  gravity  wtmld  tend  to  carrv  it  forwartfa 
and  downwards;  in  Man ,  the  angle  which  they  make  with  the  horizon  i a 
very  small;  in  the  Orang-outang/tt  is  as  much  as  37°;  and  in  the  Ilorso,  I 
their  plane  is  vertical,  making  the  angle  90^,     If,  therefore,  the  natural 
posit  ore  of  Man  were  horizontal,  the  plane  of  his  condyles  would  be  brought,  i 
like  that  of  the  Horse,  into  the  vertical  position;  and  the  head,  instead  of] 
being  nearly  balanced  on  the  summit  of  the  vertebral  eoUimn,  would  hang 
at  the  end  of  the  neck,  so  tliat  its  whole  weight  would  have  to  be  sup[K>i;teu  j 
by  some   external  aud  constantly  acting  power.     But  for  this,  there  la  I 
neither  in  the  skeleton,  the  ligamentous  apparatus,  nor  the  muscular  gy^ 
tem  of  Man*  any  adequate  provision  ;  so  that  in  any  other  than  the  ver- 
tical position^  his  head,  which  ia  relatively  heavier  than  that  of  most  Mam- 
tnalia,  would  bo  supported  with  more  difficulty  and  effort  than  it  U  m  any 
other  animab  ^ 

2T<  Tbe  pogttioQ  of  the  Face  immediately  beneath  tbe  brain,  so  that  itafl 
front  is  nearly  in  tbe  same  plane  as  the  forehead,  i^  j^eeuliarly  characteristic  ™ 
of  Man;  for  in  tbe  skulls  of  the  Chimpanstee  and  Oraug,  which  approach 
nearest  to  that  of  man^  the  cranial  portions  are  rather  posterior  to,  tbaa 
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above,  the  facial  (Figs.  4,  7).  The  projection  of  the  muzzle,  taken  in  con- 
nection with  the  obliquity  of  the  condyles,  is  another  evidence  of  want  of  per- 
fect adaptation  to  the  erect  posture ;  whilst  the  absence  of  prominence  in  the 
fiice  of  Man  shows  that  none  but  the  erect  position  can  be  natural  to  him. 
For  supposing  that,  with  a  head  formed  and  situated  as  at  present,  he  were 


Fig.  4. 


Fio.  5. 


Vertical  section  of  Skull  of  Adult  Oraog.  Vertical  section  of  Skull  of  Young  Orang. 

Fio.  6. 


Vertical  secUon  of  Skull  of  Papuan  Negrito. 


to  move  on  all-fours,  his  face  would  be  brought  into  a  plane  parallel  with 
the  ground ;  so  that  as  painful  an  effort  would  be  required  to  examine  with 
the  eyes  an  object  placed  in  front  of  the  body,  as  is  now  necessary  to  keep 
the  eyes  fixed  on  the  zenith ;  the  nose  would  then  be  incapacitated  from  re- 
ceiving any  other  odorous  emanations  than  those  proceeding  from  the  earth 
or  from  the  body  itself;  and  the  mouth  could  not  touch  the  ground  without 
bringing  the  forehead  and  chin  also  into  contact  with  it.  The  oblique  posi- 
tion of  the  condyles  in  the  Quadrumana  enables  them,  without  much  diffi- 
culty, to  adapt  the  inclination  of  their  heads  either  to  the  horizontal  or  to 
the  erect  posture ;  but  the  natural  position,  in  the  highest  among  them,  is 
noquestionably  one  in  which  the  spinal  columu  is  inclined,  the  body  being 
partially  thrown  forwards  so  as  to  rest  upon  the  anterior  extremities ;  and 
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in  this  position,  the  face  is  directed  forwards  without  any  effort,  owing  to  the 
mode  in  which  the  head  is  obliquely  articulated  with  the  spine  (Fig.  7). 

28.  The  Cranium  of  Man  is  further  distinguished  from  that  of  the  an- 
thropoid Apes,  not  merely  by  its  great  capacity,  but  also  by  its  smoothness; 
its  surface  being  almost  entirely  deficient  in  those  ridges  for  the  attachment 
of  muscles,  which  are  remarkably  strong  in  both  the  Chimpanzee  and  the 
Orang,  and  which  impart  to  its  configuration  somewhat  of  a  camivorouB 
aspect.  This  aspect  is  strengthened  by  the  great  depth  of  the  temporal 
fossa,  and  by  the  extent  and  strength  of  the  zygomatic  arch  ;  features  that 
are  most  remarkably  developed  in  the  Troglodiftes  gorilla  (Fig.  7).  The 
breadth  of  the  upper  part  of  the  face,  is  a  noticeable  feature  in  Man ;  the 
eyes  being  set  widely  apart,  and  the  interorbital  space  occupying  one-fourth 
of  the  interval  between  the  outer  walls  of  the  orbits.*  The  inner  walls  of 
the  orbits  formed  by  tlie  ossa  plana  of  the  ethmoid  are  nearly  parallel  to  one 
another.  Moreover,  the  jaws  in  even  the  most  degraded  races  of  Man  pro- 
ject far  less  from  the  general  plane  of  the  face,  than  they  do  in  the  Apes ; 
and  his  teeth  are  arranged  in  a  continuous  series,  without  any  hiatus  or  any 
considerable  difference  in  length  ;  whilst  all  the  Apes,  in  their  adult  state 
at  least,  are  furnished  with  canine  teeth  of  extraordinary  length,  between 
the  sockets  of  which  and  those  of  the  adjoining  teeth  (anteriorly  in  the 
upper  jaw,  and  posteriorly  in  the  lower)  there  is  a  vacant  space  or  "  dias- 
tema." Even  in  the  most  prognathous  Human  skulls,  moreover,  the  in- 
cisors meet  each  other  much  more  nearly  in  the  same  axis  than  they  do  in 
the  anthropoid  Apes,  in  which  they  form  an  angle  with  each  other  that  is 
not  nearly  so  divergent.  The  fusion  of  the  intermaxillary  or  premaxillary 
bones  with  the  superior  maxillary,  at  an  early  period  of  foetal  life,  is  a  re- 
markable character  of  the  Human  cranium,  as  distinguishing  it  from  that 
of  the  Apes,  in  which  the  intermaxillary  bones  remain  separate  to  a  much 
later  period,  sometimes  differing  also  very  considerably  both  in  size  and 
shape.  Thus,  in  the  Troglodytes  gorilla^  the  bones  are  not  only  remarkable 
for  their  prominence,  but  also  for  their  upward  extension  round  the  nostrils, 
so  that  they  completely  exclude  the  maxillary  bones  from  their  borders,  and 
from  the  basis  of  support  for  the  nasal  bones ;  and  although  they  coalesce 
with  the  maxillaries  at  and  near  the  alveolar  portion,  they  remain  separate 
elsewhere.  The  lower  jaw  of  Man  is  remarkable  for  that  prominence  at  its 
symphysis  which  forms  the  chin  ;  and  although  this,  also,  is  least  developed 
in  the  most  prognathous  Human  crania,  yet  it  is  never  so  deficient  as  it  is 
in  the  lower  jaw  of  the  Chimpanzee  and  Orang. — It  is  curious  to  observe 
that  the  skulls  of  the  young  of  Man  and  of  the  anthropoid  Apes  resemble 
one  another  much  more  than  do  those  of  the  adults;  each  tending  to  diverge, 
in  its  advance  towards  full  development,  from  a  type  which  seemed  almost 
similar  in  both  (Figs.  4,  5,  6).  It  is  at  the  time  of  the  second  dentition, 
that  the  muzzle  of  the  anthropoid  Apes  acquires  its  peculiar  elongation  and 
consequent  projection  in  front  of  the  forehead  (Figs.  5,  4) ;  and  the  whole 
cast  of  the  features  is  altered  at  the  same  time,  so  that  it  approaches  much 
more  to  that  of  the  lower  Quadrumana  than  would  be  supposed  from  ob- 
servation of  the  young  animal  only.*  In  the  Human  subject,  on  the  other 
hand,  we  see  that  although  in  the  advance  from  childhood  to  adult  age, 
there  is  a  progressive  enlargement  of  the  face  in  proportion  to  the  capacity 

'  Huxley's  Anatomy  of  the  Vertebrate  Animals,  1871,  p.  489. 

*  None  but  young  »pecimens  of  the  Chimpanzee  and  Orang-outang  have  over  been 
brought  alive  to  this  country ;  and  they  have  never  long  survived  the  period  of  their 
second  dentition. 
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of  the  cranial  cavity,  this  augmentation  is  comparatively  small  in  amount, 
and  but  little  affects  the  general  configuration  of  the  cranium.* 

29.  The  great  size  of  the  cranial  portion  of  the  skull  in  Man,  as  compared 
with  the /acia/, produces  a  marked  difference  between  his  "facial  angle  '  and 
that  of  even  the  highest  Quadrumana.  According  to  Camper,  who  first 
applied  this  method  of  mea.curement,  the  "facial  angle"  of  the  average  of 
European  skulls  is  80^ ;  whilst  in  the  ideal  heads  of  the  Grecian  gods  it  is 
increased  to  90°;  on  the  other  hand,  in  the  skull  of  a  Kalmuck  he  found  it 
to  be  75°,  and  in  that  of  a  negro  only  70°;  and  applying  the  same  system 
of  measurement  to  the  skulls  of  Apes,  he  found  them  to  range  from  64°  to 
60°.  But  these  last  measurements  were  all  taken  from  young  skulls,  in 
which  the  forward  extension  of  the  jaws,  which  takes  place  on  the  second 
dentition,  had  not  yet  occurred.  In  the  adult  Chimpanzee,  as  Prof.  Owen 
has  shown,  the  "facial  angle"  (Figs.  4,  5,  6,  A  o  p)Ms  no  more  than  35°, 
and  in  the  adult  Orang  only  30°;  so  that  instead  of  the  Negro  being  nearer 
to  the  Ape  than  to  the  European,  as  Camper's  estimate  would  make  him, 
the  interval  between  the  most  degraded  Human  races  and  the  most  elevated 
Quadrumana,  b  considerably  greater  than  between  the  highest  and  the  low- 
est forms  of  Humanity.  It  must  be  borne  in  mind,  however,  that  the  "  facial 
angle"  is  so  much  affected  by  the  degree  of  prominence  of  the  jaws,  that  it 
can  never  afford  any  certain  information  concerning  the  elevation  of  the 
forehead  and  the  capacity  of  the  cranium ;  all  that  it  can  in  any  degree 
serve  to  indicate,  being  the  relative  proportion  between  the  facial  and  the 
cranial  parts  of  the  skull.  This  proportion  is  far  more  correctly  determined, 
as  Prof.  Owen  has  shown,'  by  vertical  sections  of  the  skulls  to  be  compared, 
through  their  median  planes  (Figs.  4, 5, 6) ;  and  from  an  extended  compari- 
son of  such  sections,  it  appears  that  whilst  the  difference  between  the  cranial 
cavity  of  the  higher  Apes  and  that  of  Man  is  rather  one  of  relative  size  than 
of  conformation,  there  is  a  far  more  strongly  marked  difference,  not  only  in 
relative  size  but  also  in  conformation,  between  the  cranial  cavities  of  the 
higher  and  those  of  the  lower  Quadrumana,  the  latter  being  not  only  far 
less  capacious  in  proportion  to  the  size  of  the  body,  but  being  also  disposed 
in  such  a  manner  that  its  long  diameter  comes  to  be  continuous  (as  in  Quad- 
rupeds generally)  with  the  axis  of  the  spinal  canal,  instead  of  crossing  it 
nearly  at  right  angles  as  in  Man.  The  length  of  the  cerebral  cavity  in  Man 
Is  more  than  twice  that  of  the  basi-cranial  axis.  Its  capacity  in  the  healthy 
adult  is  invariably  more  than  forty  cubic  inches,  and  may  rise  to  more  than 
a  hundred  cubic  inches  (Huxley). 

30.  The  Vertebral  Column  in  Man,  although  not  absolutely  straight,  has 
its  curves  so  arranged,  that,  when  the  body  is  in  an  erect  posture,  a  vertical 
line  from  its  summit  would  fall  exactly  on  the  centre  of  its  base.  It  increases 
considerably  in  size  in  the  lumbar  region,  so  as  altogether  to  be  somewhat 
pyramidal  in  form.  The  lumbar  portion  in  the  Chimpanzee  and  Orang  is 
not  of  the  same  proportional  strength,  and  contains  but  four  vertebrce  instead 
of  five.  The  processes  for  the  attachment  of  the  dorso-spinal  muscles  to  this 
part  are  peculiarly  large  and  strong  in  Man  ;  and  this  arrangement  is  obvi- 
ously adapted  to  overcome  the  tendency  which  the  weight  of  the  viscera  in 
front  of  the  column  would  have  to  draw  it  forwards  and  downwards.  On 
the  other  hand,  the  spinous  processes  of  the  cervical  and  dorsal  vertebra?, 
which  in  other  Mammalia  are  large  and  strong  for  the  attachment  of  the 


^  See  Prof.  Owen's  Piipcrs  on  the  Anatomy  of  tho  Oransf  and  Chimpanzoo,  in  the 
Zoological  Transactions,  vols,  i  and  iii ;  and  Prof.  Vrolik  in  the  Art.  (Quadrumana  in 
the  Cyclopaedia  of  Anatomy  and  Physiology,  vol.  iv. 

*  2^1ogical  Transactions,  vol.  iv,  p.  77  et  seq. 
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lignmetiti?  and  miisclei?  tKat  sopjjort  the  liejid,  and  which  are  ]>eculiarly  pro- ' 
uouneed  in  the  Gorilla  (Fig.  7),  have  fOiiiparatively  Httle  proiiiinenee  in 
Man,  hh  head  being  neurl j  balanced  on  the  top  af  the  column.— The  base 
of  the  Human  vertebral  coluinii  h  placed  on  a  sacrum  of  greater  propor- 
tional  breadth  than  that  of  auy  otljer  animal  ;  this  sacrum  m  fixed  beiwe<!n 
two  widely-expanded  ilia  ;  and  the  whole  pelvic  b  thus  peculiarly  broad.    In 
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Slu^leioii  of  Trogtodyla  Gorlila. 


thin  maimer  J  the  femoral  articulations  are  thrown  very  far  apart,  so  as  to 
give  a  wide  basis  of  ^support  and  by  the  oblique  direction  of  the  pel™,  the 
weight  of  the  bcwiy  is  tmusmitted  almost  vertically  from  the  top  of  the  sa- 
crum to  the  upper  part  of  the  thigh  bonej?.  The  pelvic  of  the  anthropoid 
Apes  is  very  ditfereutly  constnicted,  as  will  be  seen  in  the  subjoined  ents,  id 
whieli  the  skeleton  of  the  Orang  is  placeil  in  proximity  with  that  of  Man, 
It  w  much  larger  and  narrower;  it?*  alie  extend  u[)wards  rather  thao  out* 
wiirdi?,  so  that  the  space  beiwecu  the  lowest  ribj§  and  the  crest  of  the  iliac 
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bones  is  much  less  than  in  Man  ;  their  surfaces  are  nearly  parallel  to  that  of 
the  sacrum,  which  is  itself  longer  and  narrower ;  and  the  axis  of  the  pelvb 
is  nearly  parallel  with  that  of  the  vertebral  column.  The  position  of  the 
Human  femur^  in  which  its  head  is  most  securely  retained  in  its  deep  ace- 


Fio.  8. 


Fio.  9. 


Compftrative  View  of  the  Skeleton  of  Man,  and  that  of  the  Orang-outang. 


tabulum,  is  that  which  it  has  when  supporting  the  body  in  the  erect  atti- 
tude; in  the  Chimpanzee  and  Orang  its  analogous  position  is  at  an  oblique 
angle  to  the  long  axis  of  the  pelvis,  so  that  the  body  leans  forwards  in  front 
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of  it;  in  many  Mammalia,  as  in  the  Elephant,  it  forms  nearly  a  right 
angle  with  the  vertebral  column ;  and  in  several  others,  as  the  Horse,  Ox, 
etc.,  the  angle  which  it  makes  with  the  axis  of  the  pelvis  and  vertebral 
column  is  acute.  In  these  respects,  then,  the  skeleton  of  Man  presents  an 
adaptation  to  the  erect  posture,  which  is  exhibited  by  that  of  no  other 
Mammal;  but  that  of  the  anthropoid  Apes  presents  a  far  nearer  approxi- 
mation to  the  Human  model  in  all  the  foregoing  particulars,  than  it  does  to 
that  of  the  lower  Quadrumana. 

31.  There  is  a  considerable  difference  in  the  form  of  the  trunky  between 
Man  and  most  other  Mammalia ;  for  his  thorax  is  expanded  laterally,  and 
flattened  in  front,  so  as  to  prevent  the  centre  of  gravity  from  being  carried 
too  far  forwards ;  and  his  sternum  is  short  and  broad.  Between  the  bony 
walls  of  the  thorax  and  the  margin  of  the  pelvis,  a  considerable  space  inter- 
venes, which  is  occupied  solely  by  muscles  and  tegu men tary  membranes ; 
and  these  would  be  quite  insufiicient  to  sustain  the  weight  of  the  viscera,  if 
the  habitual  position  of  the  trunk  had  been  horizontal.  In  these  particu- 
lars, however,  the  most  anthropoid  Apes  agree  more  or  less  completely  with 
Man. 

32.  The  lower  extremities  of  Man  are  remarkable  for  their  relative  length, 
which  is  greater  than  that  which  we  find  in  any  other  Mammalia,  except 
the  Kangaroo  tribe.  The  chief  difference  in  their  proportions  between  Man 
and  the  semi-erect  Apes,  is  seen  in  the  thi^h ;  and  it  is  from  the  relative 
length  of  this  part  in  him,  that  the  middle  point  of  the  height  of  the 
body  is  in  the  adult  as  low  as  the  symphysis  pubis,  and  further,  from  the 
comparative  shortness  of  his  anterior  extremities,  his  hands  only  reach 
the  middle  of  his  thighs,  whilst  iii  the  Chimpanzee  they  hang  on  a  level 
with  the  knees,  and  in  the  Orang  they  descend  to  the  ankles  (Fig.  9). 
The  Human  femur  is  distinguished,  however,  by  its  form  and  position,  as 
well  as  by  its  length.  The  obliquity  and  length  of  its  neck  still  further  in- 
crease the  breadth  of  the  hips ;  whilst  they  cause  the  lower  extremities  of 
the  femora  to  be  somewhat  obliquely  directed  towards  each  other,  so  that 
the  knees  are  brought  more  into  the  line  of  the  axis  of  the  body.  This  ar- 
rangement is  obviously  of  great  use  in  facilitating  the  purely  biped  progres- 
sion of  Man,  in  which  the  entire  weight  of  the  body  has  to  be,  alternately 
supported  on  each  limb ;  for  if  the  knees  had  been  kept  further  apart,  the 
whole  body  must  have  been  swung  from  side  to  side  at  each  step,  so  as  to 
bring  the  centre  of  gravity  over  the  top  of  each  tibia ;  as  is  seen  to  a  cer- 
tain extent  in  the  female  sex,  whose  walk,  owing  to  the  greater  breadth  of 
the  pelvis  and  the  separation  between  the  knees,  is  less  steady  than  that  of 
the  male.  There  is  also  a  marked  difference  between  the  knee-joint  of  Man 
and  that  of  even  the  highest  Apes.  In  the  former,  the  opposed  extremities 
of  the  femur  and  the  tibia  are  so  expanded  as  to  present  a  very  broad  ar- 
ticulating surface,  and  the  internal  condyle  of  the  femur  being  the  longer 
of  the  two,  the  two  condyles  are  in  the  same  horizontal  plane  in  the  usual 
oblique  position  of  that  bone ;  so  that  by  this  arrangement  the  whole  weight 
of  the  body,  in  its  erect  posture,  falls  vertically  on  the  top  of  the  tibia,  when 
the  joint  is  in  the  firmest  position  in  which  it  can  be  placed.  The  knee-joint 
of  the  Orang,  on  the  other  hand,  is  comparatively  deficient  in  extent  of  ar- 
ticulating surface;  and  its  whole  conformation  indicates  that  it  is  not  in- 
tended to  serve  as  more  than  a  partial  support. — In  regard  to  the  general 
conformation  of  the  bones  of  the  extremities,  it  may  be  most  explicitly 
afiirmed  that  the  differences  which  undoubtedly  exist  between  Man  and  the 
anthropoid  Apes  are  much  less  considerable  than  those  which  present  them- 
selves between  the  latter  and  those  Baboons  and  Lemurs  whose  ordinary 
mode  of  progression  is  quadrupedal.     And  thus,  after  contrasting  one  part 
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after  aDother  of  the  skeleton  of  Man  with  the  corresponding  parts  of  the 
skeleton  of  the  higher  apes,  we  are  led  in  every  instance  to  the  same  con- 
clusion. It  is  quite  true  that  between  Man  and  those  Apes  which  approach 
him  most  closely,  there  is  a  wider  hiatus  than  we  usually  meet  with  between 
the  members  of  the  Quadrumanous  series,  which  as  a  whole  presents  a  re- 
markably gradational  position  between  its  higher  and  lower  forms ;  and  the 
existence  of  this  A/o/tw  has  been  used  as  an  argument  for  ranking  Man  in  a 
distinct  Order.  But  since,  as  we  ascend  that  series,  we  witness  a  gradual 
tendency  towards  the  anthropoid  form,  and  since  in  passing  from  the  high- 
est Apes  to  Man  we  only  come  somewhat  abruptly  upon  the  culmination  of 
that  ascent  without  being  led  off  in  any  other  direction,  it  would  be  contrary 
to  the  whole  idea  of  Zoological  classification  to  place  Man  in  a  distinct  cate- 
gory from  them  as  regards  his  corporeal  structure,  whatever  we  may  think 
it  right  to  do  when  we  take  his  psychical  constitution  into  account.^  And 
it  is  to  be  borne  in  mind  that  this  hiatus — like  many  similar  gaps  in  our 
classification  of  existing  animals  which  have  been  filled  up  by  the  progress 
of  palseontological  research — may  be  simply  due  to  that  extinction  of  inter- 
mediate forms  which  (there  is  constantly  increasing  reason  to  believe)  has 
taken  place  in  past  ages  of  the  Earth's  history,  to  an  extent  of  which  the 
remains  hitherto  known  to  us  afford  but  a  very  imperfect  idea.  That  it  may 
not  be  completely  bridged  over  by  such  intermediate  links,  no  one  has  any 
right  to  affirm  upon  negative  evidence  only ;  more  especially  in  the  face  of 
the  positive  evidence  afforded  by  the  recent  discovery  of  a  very  remarkable 
fragment  of  a  skull,  which,  while  unquestionably  Human,  resembled  that 
of  the  Grorilla  in  the  comparative  lowness  of  its  vault,  the  smallness  of  its 
capacity,  and  the  extraorainary  prominence  of  its  superciliary  ridges.* 

33.  The  most  characteristic  peculiarity  of  the  Human  Myology^  is  the 
great  development  of  those  muscles  of  the  trunk  and  limbs,  which  contribute 
to  the  maintenance  of  the  erect  posture.  Thus,  the  gastrocnemii,  and  the 
other  muscles  which  tend  to  keep  the  leg  erect  upon  the  foot,  form  a  much 
more  prominent "  calf"  than  is  seen  either  in  the  most  anthropoid  Apes,  or  in 
any  other  animal.  The  soleus  is  attached  to  the  tibia  as  well  as  to  the  fibula. 
So,  again,  the  extensors  of  the  leg  upon  the  thigh  are  much  more  powerful 
than  the  flexors;  a  character  which  is  peculiar  to  Man.  The  glut jei,  by 
which  the  pelvis  is  kept  erect  upon  the  thigh,  are  of  far  greater  size  than  is 
elsewhere  seen.  The  superior  power  of  the  muscles  tending  to  draw  the  head 
and  spine  backwards,  has  been  already  referred  to.  Among  the  differences 
in  the  attachment  of  individual  muscles,  it  may  be  noticed  that  the  "flexor 
longus  pollicis  pedis"  proceeds  in  Man  to  the  great-toe  alone,  on  which  the 
weight  of  the  body  is  often  supported  ;  whilst  it  is  attached  in  the  Chimpan- 
zee and  Orang  to  the  three  middle  toes  also.  All  four  heads  of  the  flexor 
brevis  digitorum  pedis  arise  from  the  Calcaneum,  and  the  second  toe  has 
two  dorsal  interossei.     The  "  latissimus  dorsi  "  is  destitute  in  Man  of  that 

^  W(;  meet  with  a  similarly  abru[>t  transition  at  the  other  extremity  of  the  series, 
in  the  Chelromys  or  Aye-ay<> ;  an  animal  which  Zoologists  now  agree  to  rank  among 
the  Quadrumana  in  virtue  of  it,"*  gi'neral  Lemurino  affinities,  although  in  dentition 
and  several  other  particulars  it  b«'ars  so  strong  a  resemblance  to  the  Rodents  as  to 
have  been  placed  amoni;  them  by  Cuvier. 

*  See  Natural  History  Review,  vol  i,  1801,  p.  155;  and  Prof.  Huxley  "  On  some 
Fc»^il  Remaing  of  Man,"  in  his  Evidence  as  to  Man's  Place  in  Nature,  1863. 
The  anatomical  peculiarities  of  Man  are  very  completely  given  by  Prof.  Huxley,  in 
his  Anatomy  of  Vertebrated  Animals,  1871,  p.  488,  e^  seq. ;  and  the  student  will  find 
iin  admirable  expo>ition  of  the  structural  resemblances  and  diflferencos  between  Man 
and  Apf-s  in  St.  Ge<»rge  Mivart's  little  work,  entitled  Man  and  Apes,  1873.  In 
lbi.<  work  Mr.  Mivart  strongly  opposes  the  doctrine  of  the  descent  of  Man  and  Apes 
from  a  common  ancestor. 
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prolongatioD  attached  to  the  olecranoD,  which  is  found  in  the  lower  Mam- 
malia, and  which  exists  even  in  the  Chimpanzee,  probably  giving  assistance 
in  its  climbing  operations.  The  larger  size  of  the  muscles  of  the  thumb,  is, 
as  might  be  expected,  characteristic  of  the  hand  of  Man  ;  although  the  num- 
ber of  muscles  by  which  that  digit  is  moved,  is  the  same  in  the  Chimpanzee 
as  in  the  Human  subject.  The  separation  of  the  ''  extensor  digiti  indicis/' 
however,  as  a  distinct  muscle,  is  peculiar  to  Man. 

34.  The  Visceral  apparatus  of  Man  presents  very  few  characteristic  pecu- 
liarities, by  which  it  can  be  distinguished  from  that  of  the  higher  Quadru- 
mana ;  among  the  most  remarkable  is  the  absence  of  the  laryngeal  pouches, 
which  exist  even  in  the  Chimpanzee  and  Orang-outang,  as  dilatations  of  the 
laryngeal  ventricles.  Of  the  anatomy  of  the  last-named  animals  in  their 
adult  condition,  however,  we  know  as  yet  too  little  to  enable  its  conformity 
to  that  of  Man  to  be  confidently  pronounced  upon. 

35.  The  Brain  of  Man  does  not  differ  so  much  in  conformation  from  that 
of  the  Chimpanzee  and  in  this  respect  still  more  highly  developed  Orang, 
as  the  superiority  of  his  mental  endowments  might  have  led  us  to  antcipate. 
The  following  are  the  principal  differences  which  it  seems  to  present :  1.  The 
mass  of  the  entire  brain  is  considerably  larger  in  proportion  to  that  of  the 
body,  and  in  proportion  also  to  the  diameter  of  the  spinal  cord  and  of  the 
nerves  which  are  connected  with  it. — 2.  In  the  external  configuration  of  the 
Cerebrum,  we  notice  that  its  anterior  lobes  are  larger,  project  further  beyond 
the  Rhinencephalon,  or  Olfactive  Granglion,  than  they  do  in  the  highest 
Quadrumana ;  a  difference  which  is  well  marked  in  the  sectional  contour  of 
the  brain-case,  the  rhinencephalic  fossa  of  the  Orang  (Fig.  4,  rh)  being  at 
its  most  anterior  part ;  whilst  even  in  the  least  elevated  forms  of  the  Human 
skull,  this  fossa  (of  which  the  cribriform  plate  of  the  ethmoid  bone  consti- 
tutes the  floor)  has  no  inconsiderable  part  of  the  cranial  cavity  in  front  of  it 
(Fig.  6,  rh), — 3.  The  Cerebrum  as  a  whole  projects  further  beyond  the  Cere- 
bellum than  in  the  Quadrumana  generally,  which  is  due  not  to  any  increase 
in  size  of  the  occipital  Convolutions,  but  to  the  great  development  of  the 
"bridging  convolutions"  interposed  between  the  parietal  and  occipital 
lobes. — 4.  The  Convolutions  are  more  numerous  and  complex,  and  usually 
more  or  less  unsym metrical,  and  the  sulci  are  deeper.  It  appears,  however, 
that  in  the  lower  races  of  Mankind,  the  brain  presents,  both  in  the  simplicity 
and  the  precise  symmetry  of  its  convolutions,  a  much  closer  approximation 
to  the  Quadriimanous  type  than  it  does  in  the  higher. — 5.  On  examining  the 
internal  structure  it  is  found  that  the  peripheral  layer  of  gray  matter  is 
thicker,  the  corpus  callosum  extends  further  backwards,  and  the  posterior 
cornua  of  the  lateral  ventricles  are  relatively  longer  and  larger  than  they 
usually  are  in  Quadrumana.' — 6.  The  Cerebellum,  also,  is  proportionally 
larger.  The  relative  development  of  the  Cerebrum  in  Man  and  the  three 
highest  apes  is  well  shown  in  the  accompanying  drawings  (Figs.  10, 11,  12). 

36.  The  small  size  of  the  face  of  Man,  compared  with  that  of  the  cranium, 

*  It  has  been  asserted  by  Prof.  Owen  (Journal  of  the  Proceedings  of  the  Linniean 
Society,  vol.  ii,  p.  19)  that  the  existence  of  the  posterior  lobes  of  the  Cerebrum,  of  the 
posterior  cornua  of  the  lateral  ventricles,  and  of  the  hippocampus  minor,  which  projects 
into  each  cornu,  is  peculiar  to  the  genus  Homo.  How  strangely  inconsistent  is  this 
assertion  with  the  well-known  and  certainly  ascertained  facts  of  the  case,  has  been 
conclusively  shown  by  Prof.  Huxley  in  his  Memoir  "On  the  Zoological  Relations  of 
Man  with  the  Lower  Animals,"  in  the  Natural  History  Review,  January,  1861,  p.  71 
et  8eq.  ;  and  the  chief  points  of  the  controversy  have  since  been  succinctly  stateid  in 
his  Evidence  as  to  Man's  Place  in  Nature,  1868.  For  an  excellent  description  of  the 
Convolutions  of  the  Human  Cerebrum,  see  W.  Turner,  Edin.  Med.  Jour.,  June,  1866, 
and  Ecker. 
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is  an  indication,  that  id  him  the  senses  are  subordinate  to  the  inteUigenee, 
Accordingly  we  find  that  while  he  is  surpassed  by  many  of  the  lower  ani- 


Fio.  10. 


Bruin  of  Man.    [The  same  lettering  applies  to  all  the  four  figures.] 
1,  2,  8.  Frontal  conTolations.    4,  5,  6,  a  and  b,  Parietal  couTolutfons.    7,  8,  9,  Temporo- 
q>heDoidal  conTolations.     10,  11,  12,  Occipital  convolutions.     A  ia  the  supramarginal 
lobule :  B  is  the  postero-parietal  lobule ;  and  0  on  the  bridging  or  annectent  convolutions ; 
B,  Assure  of  Rolando;  E,  parieto-occipital  fissure. 

mals  in  acuteness  of  sensibility  to  light,  sound,  etc.,  he  stands  pre-eminent 
in  the  power  of  comparing  and  judging  of  his  sensations,  and  of  thence 
drawing  conclusions  as  to  their  objective  sources.  Moreover,  although  none 
of  his  senses  are  very  acute  in  his  natural  state,  they  are  all  moderately  so; 

Fio.  11. 


Brain  of  Orang  (Simla).    Left  side. 


and  they  are  capable  of  being  wonderfully  improved  by  practice,  when  cir- 
cumstances strongly  call  for  their  exercise.  This  seems  especially  the  case 
with  the  tactile  sense,  of  which  Man  can  make  greater  use  than  any  other 
animal,  in  consequence  of  the  entire  freedom  of  his  anterior  extremities; 
although  there  are  many  which  surpass  him  in  their  power  of  appreciating 
certain  classes  of  tactile  impressions.  So,  again,  Man's  nervo-muscular 
power  is  inferior  to  that  of  most  other  animals  of  his  size:  the  full-grown 
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Orang,  for  example,  surpasses  him  both  in  strength  and  agility;  and  the 
GrorilTa,  according  to  the  statements  of  the  Negroes  who  have  encountered 
it,  is  more  than  a  match  for  any  single  man,  and  is  almost  certain,  to  de- 


Fio.  12. 


Brain  of  Chimpanzee  (Troglodytes).    Left  aide. 

stroy  any  human  opponent  once  within  his  grasp. — The  absence  of  any 
natural  weapons  of  offence,  and  of  direct  means  of  defence,  are  remarkable 
characteristics  of  Man,  pnd  distinguish  him  not  only  from  the  lower  Mam- 
malia, but  also  from  the  most  anthropoid  Apes;  in  which  it  is  obvious  (both 
from  their  habits  and  general  organization)  that  the  enormous  canines  have 
no  relation  to  a  carnivorous  regimen,  but  are  instruments  of  warfare.  On 
those  animals  to  which  Nature  has  denied  weapons  of  attack,  she  has  be- 
stowed special  means  either  of  passive  defence,  of  concealment,  or  of  flight; 

Fio.  13. 


Brain  of  Mandrill  Baboon  (Cynocophalus).    Left  side. 


in  each  of  which  man  is  relatively  deficient.  Yet  by  the  superionty  of  his 
reason  he  has  been  enabled  not  only  to  resist  the  attacks  of  other  animals, 
but  even  to  bring  them  into  subjection  to  himself.  His  intellect  can  scarcely 
suggest  the  mechanism  which  his  hands  cannot  frame;  and  he  has  devised 
and  constructed  arms  more  powerful  than  those  which  any  creature  wields, 
and  defences  so  secure  as  to  defy  the  assaults  of  all  but  his  fellow-men. 
37.  Man  is  further  remarkable  for  his  extraordinary  power  of  adaptatioD 
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to  varieties  in  external  condition,  which  renders  him  to  a  great  extent  inde- 
pendent of  them.  He  is  capable  of  sustaining  the  highest  as  well  as  the 
lowest  extremes  of  temperature  and  of  atmospheric  pressure.  In  the  former 
of  these  particulars,  he  is  strikingly  contrasted  with  the  anthropoid  Apes; 
the  Gorilla  and  Chimpanzee  being  restricted  to  the  hottest  parts  of  Africa, 
and  the  Orang-outang  to  the  tropical  portions  of  the  Indian  Archipelago ; 
and  neither  of  these  animals  being  capable  of  living  in  temperate  climates 
without  the  assistance  of  artificial  heat,  even  with  the  aid  of  which  they 
have  not  hitherto  long  survived  their  second  dentition.  So,  again,  although 
nian*s  diet  seems  naturally  of  a  mixed  character,  he  can  support  himself  in 
health  and  strength  either  on  an  exclusively  vegetable  diet  or  on  an  almost 
exclusively  animal  regimen. 

38.  The  slow  growth  of  Man,  and  the  length  of  time  during  which  he 
remains  in  a  stale  of  dependence,  are  peculiarities  that  remarkably  distin- 
guish him  from  all  other  animals.  He  is  unable  to  obtain  his  own  food 
during  at  least  the  first  three  years  of  his  life ;  and  he  does  not  attain  to  his 
full  bodily  stature  and  mental  capacity  until  he  is  more  than  twenty  years 
of  age.  'This  retardation  of  the  developmental  process  seems  to  have  refer- 
ence to  the  high  grade  which  it  is  ultimately  to  attain ;  for  everywhere, 
throughout  the  Organized  Creation,  do  we  observe  that  the  most  elevated 
forms  are  those  which  go  through  the  longest  preparatory  stages,  and  of 
which  the  evolution  is  most  dependent  upon  the  assistance  afforded  by  the 
parental  organism  during  its  earlier  periods.  The  peculiar  prolongation  of 
this  state  of  dependence  in  the  Human  species,  has  a  most  important  and 
evident  effect  upon  the  social  condition  of  the  race ;  being,  in  fact,  the  chief 
source  of  family  ties,  and  affording  the  opportunity  for  those  processes  of 
education,  direct  and  indirect,  which  transmit  to  the  rising  generation  the 
influence  of  the  intellectual  culture  and  moral  training  of  the  past. 

o9.  Still,  however  widely  man  may  be  distinguished  from  other  animals 
by  thes^e  and  other  particulars  of  his  structure  and  economy,  he  is  yet  more 
di:?tinguished  by  those  mental  endowments,  and  by  the  habitudes  of  life  and 
action  thence  resulting,  which  must  be  regarded  as  the  essential  character- 
ir^iics  of  Humanity.  It  is  in  adapting  himself  to  the  conditions  of  his  exist- 
ence, in  providing  himself  with  food,  shelter,  weapons  of  attack  and  defence, 
etc.,  that  Man's  intellectual  powers  arc  first  called  into  active  operation ; 
but  wlH'n  thus  aroused,  their  development  has  no  assignable  limit.  The 
Will,  guided  by  the  intelligence,  and  acted  on  by  the  desires  and  emotions, 
takf>  the  place  in  Man  of  the  instinctive  propensities  which  are  usually  the 
imnKtliaie  springs  of  action  in  the  lower  animals;  for  although,  among  the 
m»»st  elevated  of  these,  a  high  amount  of  Intelligence  is  exhibited,  yet  its 
o[»eRiti(»ns  seem  to  be  always  directly  attributable  to  external  suggestions, 
present  or  remembered ;  and  the  character  never  rises  beyond  that  of  the 
child.  In  fact,  the  correspondence  between  the  psychical  endowments  of  the 
Chimpanzee,  and  those  of  a  Child  of  three  years  old  who  has  not  yet  began 
to  speak,  is  very  close. — One  of  the  most  important  aids  in  the  use  and  de- 
velopment of  the  human  mind,  is  the  capacity  for  articulate  speech;  of  which, 
so  far  as  we  know,  man  is  the  only  animal  in  possession.  There  is  no  doubt 
that  many  other  species  have  certain  powers  of  communication  between  in- 
dividuals; but  these  are  probably  very  limited,  and  of  a  kind  more  allied  to 
**lhe  language  of  signs"  than  to  a  proper  verbal  language.  In  fact,  it  is 
obvious  that  the  use  of  a  language  composed  of  a  certain  number  of  distinct 
rounds,  combined  into  words  in  a  multitude  of  different  modes,  requires  a 
power  of  intellectual  abstraction  and  generalization,  in  which  it  appears 
that  the  lower  animals  are  altogether  deficient.  So,  again,  verbal  language 
affords  the  only  means  whereby  abstract  ideas  can  be  communicated ;  and 
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those  who  have  perused  the  interesting  narrative  given  by  Dr.  Howe  of  his 
successful  training  of  Laura  Bridgenian,  will  remember  how  marked  was 
the  improvement  in  her  mental  condition,  from  the  time  when  she  first 
apprehended  the  fact  that  she  could  give  such  distinct  expression  to  her 
thoughts,  feelings,  and  desires,  as  should  secure  their  being  comprehended 
by  others. 

40.  The  capacity  for  intellectual  progress  is  a  most  remarkable  peculiarity 
of  Man's  psychical  nature.  The  instinctive  habits  of  the  lower  Animals  are 
limited,  are  peculiar  to  each  species,  and  have  immediate  reference  to  their 
bodily  wants.  Where  a  particular  adaptation  of  means  to  ends,  of  actions 
to  circumstances,  is  made  by  an  individual,  the  rest  do  not  seem  to  profit  by 
that  experience ;  so  that,  although  the  instincts  of  particular  animals  may 
be  modified  by  the  training  of  Man,  or  by  the  education  of  circumstances, 
so  as  to  show  themselves  after  a  few  generations  under  new  forms,  no  eleva- 
tion of  intelligence  appears  ever  to  take  place  spontaneously,  no  psychical 
improvement  is  manifested  in  the  species  at  large.  In  Man,  on  the  other 
hand,  we  observe  not  merely  the  capability  of  profiting  by  experience,  but 
the  determination  to  do  so ;  which  he  is  enabled  to  put  into  action  by  the 
power  which  his  Will  (when  properly  disciplined)  comes  to  possess,  of  di- 
recting and  controlling  his  current  of  thought,  by  fixing  his  attention  upon 
any  subject  which  he  desires  to  keep  before  his  mental  vision.  This  power, 
so  far  as  we  know,  is  peculiar  to  Man,  and  the  presence  or  absence  of  it  con- 
stitute the  difference  between  a  being  possessed  of  power  to  determine  his 
own  course  of  thought  and  action,  and  a  mere  thinking  automaton. 

41.  Man's  capacity  for  progress  is  connected  with  another  element  in  his 
nature,  which  it  is  diflicult  to  isolate  and  define,  but  which  interpenetrates 
and  blends  with  his  whole  psychical  character.  "  The  Soul,"  it  has  been 
remarked,  "  is  that  side  of  our  nature  which  is  in  relation  with  the  Infinite ;" 
and  it  is  the  existence  of  this  relation,  in  whatever  way  we  may  describe  it, 
which  seems  to  constitute  one  of  the  most  distinctive  peculiarities  of  Man. 
It  is  in  the  desire  for  an  improvement  in  his  condition,  occasioned  by  an 
aspiration  after  something  nobler  and  purer,  that  the  main-spring  of  human 
progress  may  be  said  to  lie ;  among  the  lowest  races  of  mankind,  the  capacitv 
exists,  but  the  desire  seems  dormant.  When  once  thoroughly  awakened, 
however,  it  seems  to  "  grow  by  what  it  feeds  on ;"  and  the  advance  once 
commenced,  little  external  stimulus  is  needed ;  for  the  desire  increases  at 
least  as  fast  as  the  capacity.  In  the  higher  grades  of  mental  development, 
there  is  a  continual  looking  upwards,  not  (as  in  the  lower)  towards  a  more 
elevated  Human  standard,  but  at  once  to  something  beyond  and  above  Man 
and  Material  Nature.  This  seems  the  chief  source  of  the  tendency  to  be- 
lieve in  some  unseen  existence ;  which  may  take  various  forms,  but  which 
seems  never  entirely  absent  from  any  race  or  nation,  although,  like  other 
innate  tendencies,  it  may  be  deficient  in  individuals.  Attempts  have  been 
made  by  some  travellers  to  prove  that  particular  nations  are  destitute  of  it; 
but  such  assertions  have  been  based  only  upon  a  limited  acquaintance  with 
their  habits  of  thought,  and  with  their  outward  observances;  for  there  are 
probably  none  who  do  not  possess  the  idea  of  some  invisible  Power,  external 
to  themselves,  whose  favor  they  seek,  and  whose  anger  they  deprecate,  by 
sacrifice  and  other  ceremonials.  It  requires  a  higher  mental  cultivation 
than  is  commonly  met  with  to  conceive  of  this  power  as  having  a  spiritual 
existence ;  but  wherever  the  idea  of  Spirituality  can  be  defined,  this  seems 
connected  with  it.  The  vulgar  readiness  to  believe  in  ghosts,  demons,  etc., 
and  the  vagaries  of  the  so-called  "Spiritualists"  of  recent  times,  are  only 
irregular,  or  depraved  manifestations  of  the  same  tendency.  Closely  con- 
nected with  it  is  the  desire  to  participate  in  this  spiritual  existence,  of  which 
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the  germ  has  been  iniplanted  in  the  mind  of  Man,  and  which,  developed  as 
it  is  by  the  mental  cultivation  that  is  almost  necessary  for  the  formation  of 
the  idea,  has  been  regarded  by  philosophers  in  all  ages  as  one  of  the  chief 
natural  arguments  for  the  immortality  of  the  soul.  By  this  immortal  soul 
Man  is  connected  with  that  higher  order  of  being,  in  which  Intelligence 
exists  untrammelled  by  that  corporeal  mechanism  through  which  it  here 
operates;  and  to  this  state — ^a  state  of  more  intimate  communion  of  mind 
with  mind,  and  of  creatures  with  their  Creator — he  is  encouraged  to  aspire, 
as  the  reward  of  his  improvement  of  the  talents  here  committed  to  his 
charge. 


CHAPTER   III. 

ON  THE   MINUTE  ANATOMY  OP  THE  CONNECTIVE  TISSUES. 
CELUS   AND  THEIR   DERIVATIVES. 

42.  The  whole  substance  of  the  body  in  many  of  the  lower  forms  of 
Animal  Life,  and  the  elementary  parts  from  which  the  several  tissues  are 
formed  in  the  higher,  is  composed  of  a  soft  gelatinous  substance  which  was 
named  Sarcode  by  Dujardin,  Protoplasm  by  v.  Mohl  and  Remak,  Cytoplasm 
by  Kolliker,  GermtncU  matter  by  Beale,  and  in  its  various  kinds  represents 
the  "  Physical  Basis  of  Life,"  of  Huxley.*  It  is  transparent  and  homogeneous 
and  may  be  compared  to  white  of  egg.  It  usually  presents  a  number  of 
minute  granules  distributed  through  its  substance,  which  are  derived  in  part 
at  least  from  the  materials  it  has  absorbed.  It  may  exist  in  the  form  of 
separate  masses,  varying  in  size  from  points  scarcely  perceptible  with  the 
microscope,  to  such  as  are  visible  to  the  naked  eye,  or  in  the  form  of  layers 
or  sheets  lining  the  interior  of  cells  and  vessels.  When  at  rest  it  is  probable 
that  masses  of  protoplasm  assume  a  spherical  form,  but  under  all  ordinary 
circumstances  they  are  more  or  less  flattened,  and  exhibit  certain  move- 
ments, and  present  the  phenomena  of  growth,  nutrition,  and  reproduc- 
tion. The  movements  witnessed  in  Protoplasm  are  of  two  kinds,  both  of 
which  are  rendered  conspicuous  by  the  mole(;ules  in  its  substance.  The  first 
is  a  vibratory,  quivering,  or  dancing  movement  of  the  granules,  resembling 
closely  those  trembling  movements  of  resinous  and  other  inorganic  particles 
suspended  in  fluids,  which,  having  been  first  described  by  Robert  Brown, 
are  sometimes  called  Brunonian  motions.  Such  vibratory  movements  are 
chiefly  seen  in  spherical  masses  of  Protoplasm,  and  cease  when  these  are 
undergoing  changes  of  form  or  place.  The  second  kind  of  movement  demon- 
strates the  contractility  of  protoplasm,  which,  as  is  shown  by  experiments  on 
the  pigment  cells  of  the  Chameleon  and  various  Amphibia  and  Fishes  in 
which  the  sarcode  contains  colored  granules,  is  under  the  control  of  the 
nervous  system.  The  masses  change  their  shape,  becoming  elliptical  or 
ovoid,  and  flattened  or  irregular,  owing  to  the  thrusting  out  of  processes,  and 
these  may  be  either  withdrawn  or  may  drag  the  rest  of  the  body  after  them, 
JO  that  a  veritable  change  of  place  is  effected.     The  processes  may  vary  in 

*  The  hegt  account  of  Protoplasm  is  given  by  Kiihne  in  his  essay  entitled  Das 
Protoplasm,  Leipzig,  1864;  but  the  reader  may  refer  with  advantage  to  the  essay 
on  Cell*  by  Strieker  in  his  Manual  of  Histology,  Syd.  Soc.  Translation,  vol.  i,  p.  1, 
where  the  chief  authorities  on  this  subject  are  cited;  to  Huxley's  lecture  on  The 
Phy»ical  Basis  of  Life,  in  his  Lay  Sermons  and  Addresses;  and  to  Haeckel's  work 
on  General  Morphology. 
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shape  from  rounded  elevations  or  swellings  but  slightly  projecting  frona  the 
general  surface,  to  long  and  extremely  delicate  threads,  and  the  rapidity 
with  which  they  are  shot  out  and  retracted  diflers  with  the  surrounding  con- 
ditions, and  especially  with  variations  in  the  temperature.  The  activity  of 
the  movements  is  greatest  at  about  100^  F.  At  32°  they  usually  become 
extremely  sluggish  or  cease  altogether.  The  ova  of  trout,  however,  which 
may  be  regarded  as  a  kind  of  Protoplasm,  undergo  segmentation  perfectly 
in  iced  water,  whilst  they  soon  cease  to  move  at  ordinary  temperatures.  The 
contractile  property  of  Protoplasm  can  be  brought  into  play  by  mechanical 
and  electrical  irritation,  and  by  the  application  of  chemical  stimuli.  The 
locomotive  powers  of  the  masses  of  Protoplasm  enable  them  to  search  for, 
and  procure,  the  materials  required  for  their  nutrition.  When  such  mate- 
rials are  met  with,  the  Protoplasm  extends  itself  over  and  embraces  them, 
the  opposite  surfaces  coalescing,  so  that  the  foreign  body  is  entirely  included  ; 
its  nutritive  parts  are  then  extracted,  and  the  remainder,  if  any,  is  cast 
away  by  the  retreat  of  the  Protoplasm  from  it.  The  reproduction — or 
rather,  multiplication  of  such  masses — is  effected  by  the  detachment  of  a 
larger  or  smaller  portion  of  the  parent  mass,  the  two  parts  separating  to 
obtain  the  substances  requisite  for  their  own  growth  and  nutrition.  Chemical 
examination  of  Protoplasm  shows  that  it  contains  a  considerable  proportion 
of  myosin,  and  in  some  instances,  protagon,  glycogen,  and  cholesterin  have 
'  been  found  to  be  present.  Protoplasm,  presenting  slight  but  unimportant 
differences  from  the  general  description  above  given,  is  found  to  form  the 
contents  of  all  Vegetable  cells,  at  least  in  their  early  condition,  to  constitute 
the  essential  part  of  a  great  group  of  organisms  which  have  been  associated 
together  by  Haeckel  under  the  name  of  Protista,  and  include  such  forms  as  the 
Flagellata,  Diatomaceae,  Myxomycetse,  and  Foraniinifera,  the  last  of  which 
recent  researches  have  shown  to  form  a  thin,  but  very  widely  spread,  layer 
on  the  bed  of  the  ocean  at  all  depths.  And,  finally,  it  forms  the  living  ma- 
terial in  the  interior  of  all  animal  cells,  and  to  its  presence  the  active  pro- 
cesses they  exhibit  are  essentially  due.  In  the  very  simplest  forms  of  Animal 
Life,  as  in  the  Monera>  no  differentiation  of  structure  is  visible  in  the  Proto- 
plasm of  which  they  are  composed.  But  in  most  of  the  Amcebse  and  For- 
aniinifera ;  in  the  ovum  at  an  early  stage  of  its  development ;  in  the  free 
floating  corpuscles  known  as  the  white  corpuscles  of  the  blood ;  in  granula- 
tion cells  and  pus-corpuscles ;  in  the  corpuscles  of  the  ductless  glands ;  in 
osteoblasts  and  elsewhere,  the  small  masses  of  Protoplasm  contain  a  nucleus; 
and  such  bodies  may  be  conveniently  designated  by  the  term  employed  by 
Haeckel  of  Cytodes.  In  most  cases  the  outer  surface  of  the  Protoplasm  has 
undergone  a  certain,  though  often  very  slight,  degree  of  consolidation.  And 
when  this  consolidation  has  proceeded  so  far  as  to  form  a  thin  membrane 
around  the  protoplasmic  mass  and  nucleus,  a  ceil  is  formed,  the  various  forms 
and  characters  of  which  we  shall  now  proceed  to  consider. 

43.  Every  perfectly  formed  and  active  cell  is  composed  of  three  parts,  a 
ceU-xvally  a  nucleus,  and  protoplasmicy  or  other  cell-contents.  Of  such  bodies, 
more  or  less  modified,  most  of  the  tissues  of  the  body  are  composed ;  and 
each  in  maintaining  its  own  nutrition  ministers  to  the  functional  activity  of 
the  special  tissue  to  which  it  belongs,  and  is  subservient  to  the  well-being  of 
the  organism  at  large.  The  cell-wall  in  the  majority  of  instances  is  a  thin 
and  transparent,  but  resistant  membrane,  through  which  osmotic  processes 
can  readily  occur.  It  presents,  however,  in  different  instances,  the  most 
various  degrees  of  density  and  consolidation,  sometimes,  as  in  the  hepatic 
cells,  being  only  slightly  firmer  than  the  rest  of  the  cell ;  whilst  in  cartilage 
cells  it  acquires  great  firmness  and  thickness,  becoming  ultimately,  by  the 
deposition  of  calcareous  salts,  converted  into  bone.    Occasionally  it  presents 
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pores,  as  in  the  cells  of  the  chorda  dorsal  is  (W.  Miiller),  or  is  deficient  at 
some  part  of  the  surface,  as  in  the  cells  covering  the  intestinal  villi.  It  is 
sometimes  prolonged  in  the  form  of  cilia,  or  of  processes  rendering  it  more 
or  less  stellate  in  form.  The  nucleus  is  a  minute  oval  body,  situated  either 
near  the  centre  of  the  cell  or  in  contact  with  the  cell-wall,  and  never  absent 
in  the  higher  animals  in  the  first  stages  of  the  development  of  the  cell. 
Originally  sofl,  it  becomes  more  consistent  with  age,  and  appears  to  be  of  an 
albuminous  nature,  resisting  the  action  of  acids  and  alkalies  better  than  the 
protoplasmic  contents  of  cells  generally.  Like  these,  however,  it  stains 
with  carmine,  and  hence  is  regarded  by  Beale  as  germinal  matter — a  view 
which  is  supported  by  the  fact  that  it  appears  to  be  specially  related  to  the 
formative  activity  of  the  cell,  the  division  of  the  nucleus  in  most  instances 
preceding  that  of  the  cell  itself.  The  nucleus  often  contains  one  or  more 
extremely  minute  particles  termed  nucleoli;  and  Rollett,  who  considers  the 
nuclei  to  be  vesicular,  has  described  certain  lacunse  or  vacuolae  in  their  in- 
terior. The  cell-cmitenls,  apart  from  the  nucleus,  whilst  consisting  essentially 
of  protoplasm,  mingled  in  young  cells  with  cholesterin  and  lecithin,  and  in 
many  cases  also  with  glycogen,  vary  as  they  advance  to  maturity  with  the 
special  tissue  or  organ  of  which  they  form  a  part;  being  sometimes  trans- 
parent and  colorless,  sometimes  charged  with  pigment,  sometimes  containing 
the  special  secretion  of  a  gland ;  whilst  at  others  the  protoplasm  becomes 
almost  wholly  converted  into  fat,  or  acquires  the  highly  differentiated  prop- 
erties of  nerve  and  muscle.  The  mode  of  origin  or  genesis  of  cells  has  been 
the  subject  of  much  controvei*sy,  and  takes  place  in  several  ways.  One  of 
the  commonest  methods  is  that  in  which  the  contents  of  a  cell  divide,  whilst 
the  cell-wall  remains  unaltered  till  it  is  burst  asunder  by  the  growth  of  the 
new  cells  in  its  interior.  In  this  endogenous  mode  of  cell  genesis,  which 
occurs  in  fat-cells  (Fig.  28),  and  in  cartilage,  the  nucleus  usually  first 
divides,  and  the  two  halves,  or  if  there  are  more  divisions,  the  several  seg- 
ments, retreat  from  each  other  to  the  opposite  ends  of  the  cell.  The  proto- 
plasmic contents  then  undergo  a  process  of  differentiation,  accumulating  to 
torm  separate  masses  around  the  segments  of  the  nucleus,  and  each  acquir- 
ing a  cell-wall;  the  whole  being  ultimately  set  free  by  the  rupture  of  the 
membrane  of  the  parent  cell.  In  other  instances  the  parent  cell  divides  as 
a  whole  (fission),  the  cell- wall  becoming  inflected.  The  bridge  between  the 
two  parts  then  becomes  gradually  attenuated,  and  the  parts  at  length  sepa- 
rate. The  white  corpuscles  of  the  blood  have  been  seen  to  divide  in  this 
manner.  A  third  mode  is  that  of  gfimmatioiiy  or  budding,  in  which  a  swell- 
ing appears  on  one  or  more  parts  of  the  circumference  of  a  cell,  and  grad- 
ually increasing  is  nipped  off  by  the  constriction  of  the  base.  This  is  well 
seen  in  the  yeast  fungus.  Lastly,  cells  may  develop  independently  in  a 
blastema  that  has  been  formed  by  pre-existing  cells,  free-cell  formation. 
Broca,  Robin,  Bennett,  and  Bastian  are  strong  supporters  of  this  view,*  and 
it  seems  to  be  certain  that  in  the  Myxoniyceta?,^  spore-cells  make  their  ap- 
pearance in  the  blastema-like  mass  of  which  the  whole  organism  is  composed 
without  the  previous  existence  of  cells.  In  1867  Legros  and  Onimus,  in 
their  experiments  on  the  generation  of  leucocytes,''  pointed  out  that  if  little 
sacs  of  goldbeaters*  skin,  filled  with  the  serum  of  blisters,  filtered  to  re- 
move all  morphological  elements,  be  placed  beneath  the  skin  of  rabbits,  a 
large  number  of  leucocytes  appear  in  the  fluid  in  the  course  of  twenty-four 
hours,  which,  they  were  of  opinion,  must  have  been  formed  in  the  fluid. 

*  See  Bennett's  Text  Book  of  Physiolojxy.  B.-istinn,  Bpicinnings  of  Life,  1872, 
vol.  i,  p.  169-  Robin,  Anat.  et  Ph3si<»l<'gio  C<!lluljiiros,  1878.  Broca,  Traite  dcs 
Tumeur?. 

•  De  Bary,  Die  Mycetozoon,  18G4.  ^  Journal  de  la  Anat«»niic,  1867. 
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Lortet  of  Ljons,  however,  as  well  a§  MM>  Ck>i"Dil  and  Raiivier^  ohJ€'t*tCfl  that 
tlie  leuefieytes  ol>Merved  might  have  |*euetratetl  by  virtue  of  their  nnni?hoid 
fnoveineuti  irom  without;  Ut  whtcli  ODimus  replied  by  niakiDg  exi>erimenls 
with  very  reei^^tant  rnembraiiea,  as  with  fmrchmeiit  paper,  when  he  found 
thai  leuuoeyteB  still  made  their  appearance*  It  is  to  be  observed  that  in  one 
case  whi^re  uelU  apj)enr  to  arise  de  novo  in  a  blastema,  namely,  in  the  fluid 
poured  uut  up^iii  ihe  siurfareof  a  wound/  late  exjieriments'  have  rendered  it 
probable  tlml  mcli  eelb  really  take  origin  irom  the  budding  of  the  cells  m. 
the  hurdersj  tif  the  wound.  Various  forms  of  cells  will  be  described  when 
the  subjeels  of  the  bkin,  the  alimentary,  respiratory,  and  genito*uriuary  niu- 
cous  tracts,  the  neiTCs?,  inuBcle^  and  glandular  organs  ai^  under  considera- 
tion;  aud  it  ^vill  be  advantageous  to  consider  here  the  principal  f or mn  which 
occur  in  u  free  slate,  and  are  collectively  known  as  Epithelial  and  Epider- 
moid etrnctures,  and  the  following  tiections  will  be  devoted  to  the  description 
of  lliose  textures  which  result  from  the  njctamorphosis  of  cells,  and  are  now 
generully  included  under  the  title  of  Connective  Tissues,  erabracing:  1* 
Areolar,  librous,  tendinous,  and  ligamentous  tissues;  2.  Elastic  tissue;  3. 
Fat;  aiid  4  Cartilage  and  Bone.  These  tissues  all  present  tbe  featurt^  in 
common  of  originating  in  ccllg,  of  presenting  a  low  type  of  organimiion,  of] 
jKJSsesiing  an  indiilereut  supply  of  bhmdvosseb  and  i»erves,  of  being  easily 
repaired  when  injured,  whilst  they  fretjuently  present  forms  that  are  inter- 
mediate to  one  another,  and  MmU ly,  u.s  their  naute  injplieji!,  they  all  suLHerve 
the  pur|HJi*e  of  connecting  or  supporting  the  other  textures  of  which  the 
body  is  composed* 

EFtTliELliTM, — ^The  skin,  mucous  and  semus  membranes,  the  interior  of 
the  vessels^  and  of  the  ducU  of  nmjjy  glandi^,  are  coveretl  with  oije  or  more 
layers  of  cells,  which  give  to  these  pari!i  a  t^niooth  and  unifonn  surface,  and  i 
enable  them  to  supply,  by  structures  capable  of  <fmy  reoeual,  the  losses 
they  experience  from  the  fi  nation  to  which  they  are  constantly  subject.  The 
innermost  recesses  of  glandnhir  organs  are  ulm  lined  by  cells,  iIjc  function 
of  which  appears  to  be  the  separation  from  the  blood,  or  the  formation  from 
the  materiaiti  supplied  by  that  fluid,  of  the  secretion  proper  to  each.  Four 
principal  kinds  of  cells  have  been  distinguished  by  microycopists,  fonning, 

by  their  juxtaptmition,  tcgstdhited 
or  pavement,  cylindnt.'al  nv  colum- 
uar,  tftpheroidal  or  ghiuduhir,  and 
ciliated  cpilheUnm,  and  tin*  con- 
tours of  tiie  celU  iiuiy  be  bmugbt 
into  view  by  immersing  the  fresh 
membrane  for  a  few  tniuutes  in  a 
onedjtilf  or  one-ipiarter  jK-r  cent, 
solution  of  nitrate  t*r  silver,  ami 
lljcn  wnjjhitig  in  distilled  waten 
The  tirst-nanicd  form  is  lb  unci  as 
ft  single  layer  of  flattened  cells  in 
the  inleriar  of  the  vessels  and 
synovial  and  serous  membrun^ 
(I'^'ig*  14).     The   celliii   are   there 


T^fM'UiitMl  BplLbctlum  ffum  lli«  tibduivtiiiil  fupfiee 
df ctsnifutii  tiaiJliniiti  of  tahMt, atriiMv?iy  t-iili>nd  whu  gecn  to  be  flat,  and  are  often  either 
ntUMti  (if  liivtr;  a,  dark  *ilvef  Uun,  of  iiit'  Oikr.  giym^y^  tu  outline,  or  are  rendered 

.U«c.;.,m,eku!..    Tlit«o«lkr  c.U.  !i^ ovarii  c^l-  K!^*>'^''"^*     ^^     mntual     pfi'SM  re. 

iarj  lymphsitie.  A  hey  possess  tt  cel^wall,  and  a 


*  Sh*»  Arnold}  TlrehowV  Archlvj  Bttnd  xlvi. 

^  Hiii*  Bburth  tad  Hofmwrtn,  Virehow*«  ArchiT,  Band  IL 
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distinct  nucleus.  As  a  multiple  layer  this  form  is  well  seen  in  the  skin, 
where  it  constitutes  the  thick  epidermis.  The  action  of  a  blister  splits  the 
epidermis  into  two  portions;  a  deeper  one — the  rete  mucosum — in  which 
the  cells,  being  in  an  early  stage  of  their  development,  are  more  or  less  soft 
and  rounded,  and  remain  attached  to  the  dermis ;  and  a  superficial  portion 
— stratum  corneum — which  forms  the  blister,  and  is  composed  of  flattened 
cells  firmly  cohering  together  (Fig.  15).  The  cells  of  the  rete  mucosum  are 
the  chief  seat  of  the  pigmentary  deposit  characteristic  of  the  skin  of  the 
D^ro  and  of  the  darker  portions  or  the  body  of  fair-skinned  races.  In 
some  parts  the  cells  are  serrated  at  their  margin  (Fig.  16).     The  second 
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Fio.  15.— Oblique  section  of  EpIdenniB,  showing  the 
progreasiTe  derelopmeDt  of  its  component  cells:  a,  nuclei, 
reitlDf  apon  the  surface  of  the  cutis  rem,/;  these  nuclei 
are  aeen  to  be  gradually  dereloped  into  cells,  at  b,  c,  and 
d;  and  the  cells  are  flattened  into  lamelln,  fonuing  the 
exterior  portion  of  the  epidermli  at  c 


Fio.  17.— Section  of  a  Villus  nrom  the  intestine  of  a  rabbit :  a))<)ve  (a)  Is  the  central  canal,  bounded 
on  either  slide  by  the  matrix  (b),  which  again  is  covered  by  lon^'  columnar  cells  (c),  containing  a  nucleus 
and  granules.    The  outer  surface  of  these  cells  is  seen  to  be  striated. 


form  of  cell — the  columnar — occurs  throughout  nearly  the  whole  of  the  ali- 
mentary canal.  The  cells  are  arranged  vertically  to  the  surface,  as  seen  in 
Fig.  17,  and  are  attached  to  the  subjacent  membrane  by  their  small  ex- 
tremity. They  possess  a  distinct  nucleus,  cell-wall,  and  cell-contents,  and 
their  mouth  in  those  lining  the  small  intestines  is  closed  by  a  striated  mem- 
brane, the  striie  being  by  some  believed  to  represent  fine  pores,  permitting 
the  passage  of  oily  and  albuminous  fluids.  Spheroidal  epithenum  is  best 
seen  in  the  acini  of  glands.  The  shape  of  the  cells  is  expressed  by  their 
name;  but  the  presence  of  a  cell-wall  is,  in  many  instances,  doubtful.  They 
appear  to  be  masses  of  germiual  matter,  and  have  been  observed  to  execute 
spontaneous  movements.  The  fourth  and  last  kind  of  cell — the  ciliated — 
varies  much  in  form,  though  perhaps  the  cylindrical  or  subcylindrical 
is  the  most  common.  It  is  characterized  by  the  presence  of  a  number  of 
minute  cilia,  or  hairlike  processes  of  the  contained  protoplasm  of  the  cell, 
which  perforate  the  basal  border  of  the  cell-wall,  varying  from  one  or  two 
to  fifty  for  each  cell.  These,  during  life,  are  in  continual  motion,  perform- 
ing rapid  vibratory  or  lashing  movements,  the  eflTect  of  which  is  to  drive 
any  small  bodv  in  contact  with  them  towards  the  outlet  of  the  body.  Such 
cells  are  found  in  the  respiratory  passages,  with  the  exception  of  the  finest 
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ramifications  of  the  broDchial  tubes;  iii  the  uppr  part  of  tlie  vagina,  the 
Literuj*,  and  the  FalJopian  ttibt*.^;  and  lastly,  on  the  choroid  plexus*  of  the 
lateml  rentriclod.  In  £?o!oe  vertebrata  they  also  exL&t  near  the  comitieuce* 
ment  of  the  uriaary  lubiili,  Tl»e  eause  t*f  the  luoveiaent  is  unkuowu  ;  h  k 
reniarkahk*  that  it  should  pc^mat  long  after  the  general  death  of  tht^  hoiiy, 
A  very  peeiiliar  forin  of  celJ,  tenried  Cup,  or  GMei-OH  CFig. 
18),  a'piiears  seaitered  over  jmru  that  are  u^iiatly  covered  by 
Qolumuar  and  eiltatetl  celty,  Aeeordiug  to  Kleiu/  ihey  are 
uuly  the  empty  shells  of  the  ordinary  ciliated  cells,  in  ear* 
taiu  [uirti^  f>f  the  body— as  in  ihe  choroid  coat  of  the  eye,  the 
lungs  and  bronchial  ghiudK,  and  in  the  deep  or  Malpighian 
laver  of  the  epidermi*  of  the  negro^ — cell§  are  found  Itmded 
with  black  pigment  or  nudaniiL  The  fthajie  of  ihe^e  cdli* 
varies  from  die  most  regular  hexagonal  to  extremely  irreg- 
ular branched  and  caudate  forms,  Tbey  us^ually  jit^i^jie!!^  a 
ditttitict  nticleits  and  the  uudanin  h  scattered  thnmgli  the 
olherwbt!  clear  protoplasmic  cell-conieut^  in  the  form  of  minute 
granular.  Some  pigment  eell!^,  as  those  in  I  he  i*kin  of  the 
Frog/  are  capriblc  of  undergoitig  reomrkubie  elmnges  in  their  form  and  in 
the  dit^tribution  of  the  pigment-granules  in  tliejr  interior.  They  may  ewD- 
tract  into  s|iheroidjt,  or  may  expand  into  a  Mellttte  form,  with  numeroui 
irregulur,  branched,  anastomosing,  and  gradually  atienuatuig  pruce^st»^; 
atid  the  mgnient-grannles  may  either  accumulate  around  the  cent  nil  im- 
oleiiJi,  or  be  diiftributeil  througfi  ibe  protoplasm.     According  to  Llntcr,  their 
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concentration  Itillowti  exposure  to  the  actioii  of  light,  section  of  the  nerve, 
and  tlie  death  of  the  anlnnib  On  the  other  hand^  the  molecules  diff\iae 
theaj^lves<  through  the  cell-prtice^^eF^,  when  the  animal  \s  kept  in  darktieag, 
and  wheo  the  akin  ia  trrimteil.    Hering  and  Hayer  think  the  movemetita  of 


1   tlninlUoctk  fur  iht?  PliysloloKicnl  Lnbomtorv,  1B73,  p.  2S. 

*  .S-e  ihf^  jMvpr  of  LUtfV,  III  I'hIL  Tmn^.^  18o8 ;  of  Mif .  Hi;riiig  and  Hoyfi^f^  in  tb# 
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tbe  grauuleii  ar#  es^^niiallv  i1ef>endGiit  upon  dbturbauc€5  or  variatioug  of 
tha  dfrulatioo,  8«viotti  *  lias  obiter ved  the  migratkin  of  the  pignjent  cells 
«f  the  wail  of  the  fn*g*s  fot>t  iiUo  the  bloodvessels  afler  irritation^  aud  the 
6mm  <i€€Uiiied  in  tbt>  imniit  of  the  cells  through  the  walls  of  the  blood- 
iiiweh»WSfl  about  twcdve  hours,  M/r&ehau^sow'  observed^ on  the  contrary, 
ibe  pftssage  of  a  pigment  eell  ofit  of  a  veiti  and  \U  division  into  two  in  the 
ti0Qe&.^  Wheu  the  cell  b  erntihed,  the  black  particles  escape  and  exhibit 
peculiar  %'ibraEory  or  qnivering  niovements.  The  coloring  matter  or  melanin 
ti  tlMolnble  in  water  and  most  reagtrnt^,  but  it  dijii^olvea  in  weak  alkalies.  It 
ii  not  bleaeht^d  bv  ehloriue.     It  contains  iron  and  nitrogen. 

44,  A REciLAR,  l*'iBROu*i, A39D  ElasticTissueb:'— Ordinary  eonned«t>ef I «*ti^ 
10  iu  full  J  developed  form,  may  be  shortly  defined  to  consist  of  plasma  lie  car- 
puacl^^  scattered  through  a  tibriUar  nmtrix.  The  corpuscles,  though  pre- 
aeuliog  a  general  resemblance  to  a  cell,  pissess  no  cell- wall,  ai-e  very  variable 
iji  ftirm,  and  have  occasionally  been  ob^Tved  to  undergo  spontaneous  changes 
df  fiiriu  (Kuhne). — They  m^y  be  regarded  as  small  masses  of  "germinal 
mMll^f'*  preserving  their  original  activity,  whilst  the  matrix  consists  of 
"furiued  material/'  proceeding  from  the  modified  cell-walls*  and  intercellular 
Hibstanee.  In  many  casetis  a  third  morphological  element,  the  elastic,  enters 
into  ilie  con»position  of  this*  lisaue,  conferring  properties  upon  it  which  are 
of  great  im[mr£ance  in  the  disicharge  of  the  functions  that  in  some  situations 
it  hiLB  lo  peHbrm.  Amongst  the  principal  ex- 
mmplcs  of  ordinary  carinective  tissue  met  with 
in  tbe  body  we  may  inclufle  with  Bouchard 
the  various  structures  termed  tendons,  liga- 
men  is,  fjAsciaj,  aponeuroses,  pt^riosteum,  and 
periehoudrium ;  the  investing  membmiie>  of 
inatiy  organs,  its  the  dura  mater,  pericardium, 
tuDiea  albuginea  of  the  te^tij^  and  of  the  ovary, 
and  til e  sclerotic  and  corneal  coat^  of  the  eye. 
It  aUo  fiirms  the  hum  of  the  true  &kin,  of 
mucous,  serous,  and  synovial  membranes,  the 
cborion,  vascular  sheaths,  and  tunica,  and 
amorphous  membranes,  as  the  hyaloid  humor 
of  the  eye,  and  the  enveloj>es  of  glandular 
follicles*  These  all  present  a  general  simi- 
larity of  ^ructure  and  chemiral  composition, 
though  diflering  in  minor  details.  The  most 
oomtnon  form^  or  that  met  with  in  fibrous 
membraiiies,  appears  when  examined  with  the  microiieope  to  be  composed  of 
buitdles  of  wavy  Hlaments  (Fig.  22),  which  either  run  parallel  to  one  an- 
other with  but  few  cross  fibi-es  as  in  tendons,  or  decu^^sate  with  one  another 
ill  every  direction  as  in  the  sclerotic,  leaving  irregular  interspaces,  lacunae 
or  areolae,  the  imperfectly  bounded  walls  of  which  permit  the  fiassage  of 
fluids  in  every  direction,  The  individual  fibres  do  not  exceed  |  niTra*^^  of  an 
inch  in  diameter.  The  addition  of  a  little  acetic  acid,  by  its  different  action 
00  the  three  elements  that  commonly  enter  into  Che  composition  of  the  tissue, 
tomb]4%  them  to  be  easily  distinguished.     The  white  wavy  filaments  swell 


i  f  ^iJh 


Wlillg  ar  Nan-eljuUc  Flbroat  Tissue. 


»  Ci*ntntlblAtt,  1870,  pp.  H5  and  IGI. 

"  lb.,  p.  S09, 

•The  juorcmetiti  of  the  pigment  m  the  fthio  of  the  Ch«mi'l(*<in  have  been  well 
df^criUtd  by  Brocke  in  bit  VotlesunKen  ob<*r  die  Pbysiologie,  1874^  p-  440, 

•  For  g-^iod  piipers  on  C**nnei!tive  Ti&suo  *o©  S.  MnVtyn,  in  Dr,  BewJe'b  Arcbivos  of 
Mcdichte,  vol.  ii,  p.  93  j  nnd  Dr.  Bmde  io  idem,  vol.  in. 
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up  and  become  transparent,  losing  in  ^reat  measure  their  fibrillar  character. 
The  corpuscles  appear  as  dark  granular  bodies,  and  the  elastic  tiasae  when 
present  appears  in  the  form  of  fine  dark  fibres  with  well-defined  borders, 
which  pursue  a  tortuous  course,  and  often  branch  and  anastomose.  Such 
tissue  presents  few  or  no  bloodvessels  and  nerves,  those  seen  in  any  section 
being  in  all  probability  on  their  way  to  otlBsr  parts.  In  many  localities,  as 
beneath  the  skin,  the  areolae  of  the  connective  tissue  are  filled  with  lobules 
of  fat.  Tendons  and  ligaments  may  be  regarded  as  modifications  of  connec- 
tive tissue,  and  a  considerable  amount  of  discussion  has  lately  arisen  in  re* 
gard  to  their  structure.'  Boll  and  Mitchell  Bruce,  who  are  supported  by 
all  the  more  recent  inquirers,  consider  the  cell-elements  of  tendinous  tissue 
to  be  quadrilateral  plates,  which  bend  round  the  fasciculi  of  fibrils,  two 
forming  an  investment  for  each  fasciculus  at  any  given  height.  The  cell- 
elements  as  a  whole  (Ciaccio),  or  a  certain  portion  of  each  only  (elastic  stria 
of  Boll),  stain  deeply  with  Carmine.  Ciaccio  maintains  in  addition,  that 
besides  the  cells  each  fasciculus  of  fibres  is  inclosed  in  a  delicate  sheath 
containing  fine  elastic  fibres.  The  opposed  surfaces  are  moistened  with  a 
thin  fluid  which  closely  resembles  the  serum  of  blood  in  its  composition.  In 
the  case  of  the  serous  and  synovial  membranes,  which  as  Klein  has  shown 
are  dilatations  of  the  lymphatic  system,  the  connective  tissue  is  so  arranged 
as  to  constitute  bags  or  sacs,  the  inner  surface  of  which  is,  for  the  most  part, 
lined  by  a  single  layer  of  flattened  epithelial  cells,  forming  an  exquisitely 
smooth  and  polishea  surface,  that  materially  facilitates  the  constant  gliding 
movements  to  which  these  parts  are  subjected.  Besides  these,  more  rounded 
cells,  termed  germinating  endothelial  cells  by  Klein,  are  found  in  certain 
regions,  as  will  be  more  fully  explained  in  the  section  on  the  lymphatic 
system.  In  the  vitreous  humor  of  the  eye,  and  in  the  substance  which  con- 
stitutes the  greater  part  of  the  umbilical  cord,  there  exists  a  peculiar  form 
of  connective  tissue,  termed  mucous  or  gelatinous  tissue.  The  structure  of 
the  vitreous  is  difficult  to  determine,  but  it  appears  to  be  composed  of  a 
jelly-like  fluid,  contained  in  the  meshes  of  a  network  of  exquisitely  fine  fila- 
ments ;  it  is  doubtful  whether  any  cells  are  present  In  the  cord,  the  matrix 
is  soft,  transparent,  and  homogeneous  as  in  the  vitreous,  but  presents  round, 
fusiform,  or  stellate  cells,  with  branched  and  communicating  prolongations 
scattered  through  it.  This  kind  of  connective  tissue  is  found  only  in  em- 
bryonic structures,  or  in  organs  retaining  their  embryonal  characters.  In 
mucous  membranes  the  layer  of  connective  tissue  is  much  thicker  and  more 
vascular  than  in  serous,  frequently  contains  minute  glands,  and  instead  of 
a  single  layer,  is  covered  by  many  layers  of  epithelial  cells,  of  a  more  or 
less  rounded  or  columnar  fonn.     In  all  instances  mucous  membranes  con- 
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Rollett,  Strieker's  Manual  of  Histology,  Syd.  Soc.  Trans.,  1870,  p.  47. 
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stitute  the  walls  of  tubes  or  cavities  having  free  outward  communicatioD. 
The  interspaces  between  the  fibres  of  connective  tissue  are  believed  by  many 
to  constitute  the  commencement  of  the  lymphatic  system,  receiving  the 
superfluous  material  poured  out  by  the  bloodvessels  for  the  supply  of  the 
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several  textures,  and  gradually  conveying  it,  at  first  through  irregular  spaces 
partially  filled  with  protoplasmic  masses  or  cells,  but  subsequently  through 
proper  tubes,  to  the  thoracic  duct,  from  whence  it  is  again  discharged  into 
the  blood.     On  boiling  with  water  this  tissue  yields  gelatin. 

The  mode  of  development  of  connective  tissue  has  been  much  elucidated 
by  the  recent  researches  of  Rollett,*  Boll,*  and  others.  It  seems  to  be  ascer- 
tained that,  as  Schwann  originally  maintained,  the  primary  cells  of  the 
tissue  become  greatly  elongated  and  slightly  branched,  and  their  protoplas- 
mic substance  assumes  a  finely  fibrillated  aspect ;  at  the  same  time,  however, 
in  various  forms  of  connective  tissue,  as  in  the  peritoneum  for  instance,  the 
intermediate  homogeneous  matrix,  as  was  strongly  maintained  by  Virchow, 
Donders,  and  others,  also  undergoes  fibrillation,  the  bundles  thus  formed 
constituting  the  fasciculi  of  fibrils  of  the  fully-developed  tissue.  The  elastic 
fibres  are  commonly  believed  to  be  the  result  of  a  direct  deposit,  or  differ- 
entiation of  the  matrix,  though  Virchow  thought  they  were  the  remains  of 
the  cells.  Besides  the  cells  which  become  fusiform  and  fibrillated,  connec- 
tive tissue  always  contains  wandering  cells. 

45.  Elastic  Tissue. — The  elastic  imue  that  we  have  just  seen  to  be 
mingled  in  small  quantity  with  white  fibrous  tissue  in  situations  where  it  is 
requisite  that  the  latter  should  accommodate  itself  to  changes  of  form,  bulk, 
or  po;;ition  in  the  organs  it  invests,  is  sometimes  met  with  in  an  almost  pure 
state.  In  the  vocal  cords  and  the  ligamenta  subflava  good  examples  are 
seen  of  this  tissue,  with  scarcely  any  intermixture  of  white  fibrous  tissue. 
In  the  ligamentum  nuchse  and  the  suspensory  ligament  of  the  penis,  in  the 
stylo-hyoid,  thyro-hyoid,  and  crico-thyroid  ligaments,  and  in  the  coats  of 
the  bloodvessels  and  lymphatics,  both  kinds  of  tissue  are  present  in  nearly 
equal  proportion,  though  perhaps  the  elastic  predominates ;  whilst  in  the 
subcutaneous  and  submucous  areolar  tissue,  the  elastic  fibres,  though  numer- 


*  Strieker's  Manual  of  Histology,  Syd.  Soc.  Transl.,  1870,  p  84,  where  the  student 
will  find  a  r^uni^  of  all  modern  views  up  to  that  date. 

>  Archiv  f.  Microscop.  Anatomie,  Band  vii,  p.  28,  1871,  which  article  also  con- 
tains DumerouB  references. 
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aus,  form  only  a  ^mtill  part  of  the  geueral  mass.    When  examijied  untler  1 
micros<;ope,  it  i^  found  to  consist  either  of  separate  fibres^  of  l>un»Jk's  of  (ibr 

or  of  bmad  niembmnous  bands  of  a 
Fie. 25,  highly   refnietile   and   ehiMie    eub- 

atance.  The  fibres  vary  indi* finitely 
in  size^  but  have  shaffily-dt'fiut^d 
dark  bonlers,  and  appmr  to  bt?  ab- 
ruptly  broken  otTat  tneir  extreinUies. 
They  »Jay  anastomose  and  braneli, 
and  where  the  fibres  are  broad  and 
membraujformj  and  the  a nat?tcj mosses 
close,  a  Unu  tissne  results,  as  in  the 
liuiug  or  fenestrated  membrane  of 
the  arteries,  which  presents  a  eon- 
tinuous  sheet  with  only  here  and 
TtHworiiwti^'Fii.rou^TiMiie.fTOm  ti^aiaetitura  there  minute  hole^  or  spaces.  The 
ntiehw.  ftrrangement  of  its  bloodvessels  and 

nerves,  which  are  very  few  in  num- 
ber, is!  not  accurately  known.  The  fibres  are  reddened  with  Millou's  re- 
agent, and  give  the  xatithoproteinic  reaction.  When  long  boiled,  they 
yield  a  little  modified  gelatin.  Elastic  tisiine  fulfils  importaut  functions  in 
thf^  vascular  system — to  which  attention  will  hereafter  be  called — and  it 
ri*ei|uently  occurs  in  situatious  where  its  physical  prof^»erties  enable  muscular 
tia=sne  to  be  dispens^ecl  with,  as  in  the  liga  men  turn  nuchie  of  tlie  larger  quad- 
rupeds. Occasionally,  though  more  rarely,  it  appears  as  the  autagonist  of 
mu:^cular  effort,  as  in  the  chordae  vocala*,  and  typically  in  the  hinge  of  the 
conrhitera, 

4(3.  Adipose  TrsBCE* — ^Thig  form  of  tissue  is  ejcteoaively  distributed 
through  the  animal  kingdom,  and  consists  of  large  cells  filled  with  oil, 
which  in  good  specimens  are  individually  .^e  par  a  ted  from  one  another,  as 
well  m  collected  into  lobtdes  by  delicate  tmhe(nihe  of  connective  tissue 
(Fig,  20).  It  is  more  freely  supplied  with  blood  than  must  of  the  other 
forms  of  cellular  or  connect! Ve  tissue.  The  cells,  though  varying  much  In 
size,  average  the  ^J^jlh  of  an  inch  in  diameter,  and  are  rendered  polygonal 
by  mutual  pressure;  they  are  composed  of  a  cell-wall  of  considerable  thiek- 
ness,  lined  by  a  layer  oV  protoplaifm,  in  which  an  eccentric  nucleus  with 
several  nucleoli  is  imbedded,  and  which  surrounds 
a  clear,  perfectly  transparent,  and  highly  refnac- 
tile  drop  of  oil.  The  connective  tisisue  uniting 
the  loholi^^^  is  jsometimea  small  in  quant ity,  and 
exceed i I] Lfly  delicate,  as  in  the  fat  that  surrounds 
the  kidney,  and  in  the  marrow  of  bone^;  whilst  in 
other  instmuces,  as  iu  the  subcutaneous  layer  of 
fat,  it  is  possessed  of  much  firmness,  and  is  very 
dense.  iJo  nerves  have  been  discovered  to  termi- 
nate in  fat,  nor  do  any  lymphatics  appear  to  tak« 
origin  in  it.  Adipose  tissue  is  absent  in  the  brain^ 
hingii,  liver,  and  in  the  delicate  skin  of  the  eye- 
lids, of  the  prepuce,  scmtum,  and  nymphse.  In 
ali  these  regions,  however,  oily  globules  may  be 
seen  on  making  ^ue  sections.  The  absolute  amount 
of  fat  in  a  well-nonriahed  man  amounts  to  about  n^i^th  of  the  weight  of  the 
body.  Infancy,  mid*age,  warmth,  abundant  food,  especially  of  a  saccharine 
or  oleaginous  nature,  freedom  from  mental  anxiety,  castration,  indident 
habits,  and  luherited  couititutional  peculiarities,  are  all  circumstances  pre- 
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J'  ■>  the  iitTunnilatitin  of  fut.     It  is  probable  that  every  fonn  of  cell 

cr  lie  iofiitnued  with  fat,  a^  a  ^tage  or  form  of  degeoe ration.     Fat 

lul^  the  fdUowing  important  objectii  in  the  animal  economy :  It  diffo^es 
preisare^anil  is,  therefore  Jargely  cfevelopeci  on  the  palms  of  the  hand^,  solea 
of  die  JWt,  buttocks,  and  female  breast.  By  its  diJ^po&ition  beneath  the  skin 
fjtu^mllr,  it  fonui?  a  warm  investment  for'the  body  that  materially  dimin- 
itli«6  the  loss  of  beat  by  radiation  and  eonduction;  at  the  same  time  it  givej 
a  iOKiatbf  filming^  and  agreeable  conttiur  to  the  surface  which  otherwlEfej 
ttpedaJly  neur  the  joints,  would  premie nt  hard  and  angular  outlines.  It  forms 
mn  ebtstic  pad,  or  cu^hion^  in  the  orbit,  on  which  the  eye  can  roUUe:  and  in 
the  heart,  by  filling  up  the  interstices  of  the  vess^els  and  the  irregularities  of 
its  stirfiice,  it  fill  ills  a  Bimihir  function,  enabling  thb  organ  to  perform  its 
ce9u«lcK»  movements  with  the  least  possible  amount  of  friction.  It  confers 
lightness,  and  probalily  a  certain  degree  of  ehusticity,  on  the  bones — m  well, 
tinlein],  ms  on  all  other  tissue  into  the  com  position  of  which  it  enters.  It 
roofllilut^  a  storehouse  or  reserve  fund  uf  hydrocarbonaeeon^  material, 
wbteh,  when  re<jiiired  by  the  economy^  can  readily  be  absorbed  into  the 
liliMjd  ;  the  prooea**  of  absorption  being  facilitated,  as  Matteucci  has  shown ^ 
by  the  iilkalinity  of  the  fluid  that  moistens  the  outer  surface  of  the  cells. 
Lastly ,  if  we  may  judge  from  il^  constant  presence  when  these  are  taking 
ptuce^  It  pifiys  an  important  part  in  the  processefi  of  growth  and  develop- 
meuL 

According  to  M,  F,  Czajewicz/  the  cells  of  adipo^  tissue  originate  in  the 
eoq)aseles  of  ordinary  connective  tisfHie,  The?^e,  iu  any  part  that  is  about 
tci  become  the  seat  of  de|K>sit  of  fat»  increase  in  ^ise,  o-^^ume  a  spherical  form, 
and  become  tilled  with  a  mist  nf  i^imall  fat-drops  (a,  Fig.  27).  At  a  stage 
digbtty  more  advanced  (h),  the  mist  becomes  coiidens^  into  smatl  drops, 
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kiT«iUget  is  tli«  B^vetopuieut  of  Fitt,       Example  of  Eadogeaotu  Cetl-ibrinilldB, 


wliieh  graduany  accjuire  a  larger  size  and  greater  di^tinetne^  (<?),  and  ulti* 
nkatifly  blend  into  one  large  oil -globule  (d).  Toldt,  however,  maintains  that 
&S-celb  in  the  earliest  stages  of  their  development  have  no  ceU-wall,  and 
coiQfiUtQte  a  tissue  quite  mi  gencrk  and  distinct  from  connective  tissue.    In 


1  ReieberVt  Archiv,  IBm,  Heft  iii,  p.  269. 
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the  later  stages,  the  nuclei  of  the  corpuscles,  though  still  discoverable  on 
careful  examination,  are  to  a  great  extent  obscured  by  the  oily  contents  of 
the  cells;  and  Toldt*  and  Flemming*  from  experiments  with  picro-carmine 
as  a  coloring  agent,  believe  they  can  demonstrate  the  persistence  of  a  thin 
layer  of  protoplasm  immediately  beneath  the  cell-wall,  in  perfectly  mature 
fat-cells,  and  this  they  regard  as  possessing  the  power  of  secreting  the  oil 
contained  in  the  cell.  When  an  animal  is  starved,  the  oily  material  is  con- 
tinuously withdrawn  from  the  cells,  and  its  place  is  supplied  by  a  serous 
fluid,  the  cells  still  preserving  their  round  form.  If  now  abundant  food  be 
given,  a  series  of  changes  similar  to  those  above  described  may  be  observed, 
the  cells  becoming  filled  at  first  with  minute  oil-globules,  which  afterwards 
coalesce  to  form  one  of  large  size.  If  inflammation  is  established  in  adipose 
tissue  by  the  injection  of  solution  of  iodine,  or  other  irritant,  the  endogenous 
formation  of  cells  can  be  very  distinctly  seen  (Fig.  28). 

47.  Cartilage. — Cartilage  presents  two  forms:  the  temporary  and  the 
prmanent;  the  former  exists  in  considerable  quantity  in  the  foetus,  occupy- 
ing the  position  and  constituting  the  foundation  of  the  principal  bones  of 
the  skeleton,  certain  portions  of  the  vault  of  the  cranium  alone  being  ex- 
cepted. In  all  instances,  the  microscopical  structure  is  essentially  similar, 
the  tissue  presenting  cells  separated  from  one  another  by  a  greater  or  less 
amount  of  intercellular  substance  or  matrix.  In  some  situations,  as  in  the 
chorda  dorsalis,  the  cells  appear  to  be  in  direct  apposition  with  one  another, 
their  cell-walls,  slightly  thickened,  alone  representing  the  matrix;  in  other 
cases,  as  in  ordinary  articular  cartilage,  the  cells  appear  to  be  scattered 
through  the  intercellular  substance,  which  forms  a  large  proportion  of  the 
whole  mass.  W.  Miiller'  describes  the  central  cells  of  the  chorda  dorsalis  as 
presenting  fine  punctations,  which  are  probably  the  expression  of  porous 
canals.  Heitzmann*  describes  processes  given  off  from  the  cells  which  trav- 
erse the  matrix  in  all  directions.  The  matrix  in  the  permanent  cartilages 
of  the  joints  and  ribs,  appears  as  a  homogeneous  and  structureless  material ; 
but  in  the  cartilages  connected  with  the  organs  of  sense — as  in  the  cartilages 
of  the  nose,  eyelids,  and  ear,  and  in  the  epiglottis — it  is  of  a  yellowish  color, 
and  is  pervaded  by  elastic  fibres,  and  from  this  form  of  tissue  the  transition 
is  easy  to  the  fibro-cartilages,  exemplified  in  the  symphysis  pubis,  the  inter- 
vertebral substance,  the  iuterarticular  cartilages  of  the  knee  and  other  joints, 
the  glenoid  and  cotyloid  ligaments,  and  the  cartilages  lining  the  grooves  for 
tendons,  in  all  of  which  the  matrix  is  almost  entirely  converted  into  firm 
and  close-set  interlacing  connective-tissue  fibres.  Dr.  Beale  has  shown  that, 
if  a  thin  section  of  cartilage  be  carefully  examined  whilst  in  course  of  de- 
velopment, it  is  impossible  to  discover  any  distinct  line  of  demarcation  be- 
tween the  substance  of  the  matrix  and  the  contents  of  the  cavities  or  cells 
which  are  distributed  through  it.  The  gradation  between  the  two  mav, 
however,  be  made  obvious  by  soaking  the  section  in  carmine,  which  scarcely 
tinges  the  peripheral  portion,  whilst  it  deeply  dyes  the  central,  staining  the 
intervening  zones  less  and  less  strongly  in  proportion  to  their  distance  from 
it  (Fig.  30).  Thus  it  appears  that  the  true  view  of  the  nature  of  cartilage 
is  to  regard  it  as  made  up  of  an  aggregation  of  spheroidal  segments  of  pro- 
toplasmic substance  or  "germinal  matter,"  each  of  which  has  the  power  of 
being  converted,  at  its  surface,  into  that  kind  of  formed  material  which  is 
termed  "chondrin,"  so  that  these  particles  become  separated  from  each 


*  Wiener  Sitzungs-borichtc,  Band  Ixii,  p.  466. 
a  Schultze'8  Archiv,  Bnnd  vii,  p.  828. 

»  JenHischo  Zeitsch.,  Band  vi,  p.  827. 

*  Wien.  Med.  Zeitj^ch.,  1878,  p.  88. 
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Other  by  an  iDtervening  deposit  of  that  substance,  which  holds  to  them  very 
much  the  same  relation  that  the  gelatinous  substance,  copiously  interposed 
between  the  so-called  "cells"  of  seaweeds,  holds  to  those  elementary  parts. 
In  both  cases,  it  is  to  be  borne  in  mind  that  the  intervening  substance 
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Section  of  Branchial  Cartilnge  of  Tadpole:  a,  group  of 
four  eelb,  aeparatiog  from  each  other;  b,  pair  of  cells  in 
appoftition;  c,  e,  nuclei  of  cartilage-cells;  <<,  cavity  eon- 
taluiiig  three  cells. 


Elementary  part  from  Cartilage  of 
Frog,  treated  with  carmine,  show- 
ing successive  stages  of  conversion  of 
germinal  matter  into  matrix. 


represents  the  cell-wall  of  such  cells  as  have  a  distinct  limitary  membrane, 
but  that  the  essential  constituent  of  the  cell  is  the  segment  of  protoplasmic 
substance,  which  is  thus  isolated.  Ordinary  articular  cartilage  is  thickest 
where  the  pressure  is  greatest,  and  the  cells  are  found  to  be  somewhat  flat- 
tened near  the  free  surface,  irregularly  distributed  in  sets  of  from  eight  or 
more  near  the  centre,  and  perpendicularly  placed  in  that  part  which  lies 
nearest  the  bone. 

The  nutrition  of  cartilage,  when  it  attains  considerable  thickness,  is  pro- 
vided for  by  the  passage  of  a  few  large  vessels  through  channels  in  its  sub- 
stance, that  are  lined  throughout  by  prolongation  of  the  perichondrium. 
Beneath  the  articular  cartilage  the  vesi^els  of  the  bone  form  loops,  the  bight 
of  which  is  dilated  into  an  enlargement,  or  sinus,  which  must  cause  a  re- 
tardation in  the  current  of  blood.  Mr.  Biirwell '  has  described  a  peculiar 
arrangement  by  which  he  believes  the  nutrition  of  articular  cartilage  is 
maintained.  This  consists  of  an  osseous  lamella  intervening  between  the 
cartilage  and  the  shaft  of  the  bone,  penetrated,  like  the  dentine  of  the  teeth, 
with  numerous  fine  canaliculi,  running,  in  a  wavy  course,  parallel  to  one 
another  and  perpendicular  to  the  surface.  Through  these  the  nutritive  ma- 
terials are  conveyed  to  the  cartilage  from  the  above-named  sinuses.  The 
costal,  and  most  of  the  fibro-cartilages,  are  invested  by  a  firm  layer  of  con- 
nective tissue,  termed  the  perichondrium.  Though  the  two  tissues  may  be 
separated  by  prolonged  maceration,  they  are  structurally  continuous  with 
one  another.  No  nerves  or  lymphatics  have  been  hitherto  traced  into  the 
substance  of  cartilage,  and  it  appears  to  be  nearly  insensible;  hence  the  ex- 
quisite pain  accompanying  ulceration  of  joints  may  probably  be  referred  to 
irritation  of  the  nerves  supplying  the  subjacent  bone. — The  chemical  com- 
position of  cartilage  has  not  been  accurately  determined.  On  drying  it 
loses  about  70  per  cent,  of  water ;  on  being  subjected  to  prolonged  coction 
in  water  it  yields  chondrin,  a  substance  that  gelatinizes  on  cooling,  and  gen- 
erally resembles  gelatin,  except  that  it  is  precipitated  by  acetic  acid.  The 
organic  basis  from  which  the  chondrin  is  derived  constitutes  about  30  per 

>  British  and  Foreign  Med.-Chir.  Rev.,  1859,  p.  489. 
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cent,  of  fresh  cartilage,  and  the  inorganic  substances,  of  which  the  sulphates 
of  potash  and  soda  constitute  the  major  part,  do  not  amount  to  more  thau 
2.5  per  cent.  (Hoppe-Seyler.)  Permanent  cartilage  is  employed  in  the  con- 
struction of  the  body  chiefly  on  account  of  its  resiliency,  and  on  account  of 
the  extremely  smooth  surface  which  it  presents,  permitting  free  movement 
in  the  joints,  where  it  is  lubricated  by  the  albuminous  synovial  fluid,  with 
the  least  possible  amount  of  friction. 

48.  Bone. — ^The  bones  constitute  the  organs  of  support  for  the  softer  tis- 
sues, and  with  the  muscles  form  a  system  of  levers  by  which  locomotion, 
prehension,  mastication,  and  various  other  movements  are  effected.  They 
more  or  less  perfectly  inclose  the  cavities  of  the  head,  chest,  and  pelvis,  and 
by  their  hardness  and  elasticity  constitute  an  efficient  protection  to  the  im- 
portant organs  therein  contained.  They  are  divided  according  to  their  form 
into  long,  short,  irregular,  and  flat  bones.  In  the  long  bones  the  shaft  is 
pierced  by  a  central  canal,  which  runs  continuously  from  one  extremity  to 
the  other,  and  the  hollow  cylinder  which  surrounds  this  is  very  compact  in 
its  structure.  On  the  other  hand,  the  dilated  ends  of  the  bone  are  composed 
of  a  spongy  or  cancellated  structure,  which  is  made  up  of  osseous  lamellse 
and  fibres  interwoven  together ;  the  arrangement  of  which  has  been  shown 
by  H.  Meyer*  and  WolfP  to  be  by  no  means  irregular  or  fortuitous,  but  ex- 
quisitely adapted  for  the  mechanical  functions  they  have  to  perform  and  in 
exact  accordance  with  theoretical  requirements  ;'  a  multitude  of  minute 
chambers  or  cancelli  freely  communicating  with  one  another  and  with  the 
cavity  of  the  shaft  are  thus  formed,  whilst  the  whole  is  capped  with  a  thin 
layer  of  solid  bone.  In  the  flat  bones  of  the  head,  and  less  distinctly  in  the 
scapula  and  ilium,  we  find  the  two  surfaces  composed  of  solid  osseous  texture, 
with  more  or  less  of  cancellated  tissue,  called  the  diploe,  interposed  between 
the  layers.  This,  however,  is  sometimes  deficient,  leaving  a  cavity  as  in  the 
frontal  sinuses.  Finally,  we  frequently  meet  (especially  in  the  ethmoid  and 
sphenoid  bones)  with  thin  lameJlse  of  osseous  substance,  resembling  those 
which  elsewhere  form  the  boundaries  of  the  cancelli.  These  consist  of  but 
one  layer  of  osseous  substance,  and  are  not  jjenet rated  by  vessels,  but  are 
nourished  by  those  ramifying  on  their  surfaces  ;  and  they  consequently  ex- 
hibit the  elements  of  the  osseous  substance  in  tlieir  simplest  form.  It  will 
be  desirable,  therefore,  to  commence  with  the  description  of  these. 

49.  When  a  thin  natural  lamella  of  this  kind  is  examined,  it  is  found  to 
belong  to  the  doubly  refracting  tissues,  and  to  be  chiefly  composed  of  a  sub- 
stance which  is  nearly  homogeneous, 

^'**-  3^-  though  sometimes  exhibiting  indistinct 

traces  of  a  fibrous  arrangement.  In 
the  midst  of  this  granular  substance  a 
number  of  dark  spots  are  to  be  seen, 
presenting  an  oval  form,  and  giving 
ofl*,  from  their  sides  and  extremities, 
numerous  radiating  prolongations  of 
extreme  minuteness,  and  frequently  of 
considerable  length.     The  dark  spots 

Lacuna  of  Gaseous  substance  m.gni6ed,^  ^^^    jj  ^^vitics,  termed  lociince,  and 

diameters;  a,  central  cavity;   6,  its    rtemifica-        i        i  i      i  t  • 

tions.  the  branched  prolongations  or  cana- 

/ici(//,  are  tubular  channels,  which, 
though  far  too  small  to  convey  blood-corpuscles,  yet  bring  the  fluid  ele- 
nients  of  the  blood,  or  matters  secreted  from  them,  into  close  relation  with 

*  Die  Architeclurdcr  Spoiii^iosa,  Reicliort  and  Dubois- R«»ymond'8  Archiv,  1867. 

'  VirchowV  Archiv,  Band  1,  p.  380. 

'  On  this  point  see  aUo  Culinann,  Die  graphi^chc  Stntik.     Zurich,  1806. 
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every  part  of  the  tissue.  The  size  of  the  lacuDse  is  to  some  extent  pro- 
portionate to  that  of  the  blood-corpuscles,  being  large  in  reptiles  and 
nsh,  and  small  in  the  higher  classes  of  the  vcrtebrata.  In  man  their  long 
diameter  is  about  j^gth  of  an  inch,  and  their  short  soVo^^  ^^  ^°  ^"^^* 
Cvery  lacuna  b  occupied  in  the  living  bone  by  a  corpuscle  of  **  germinal 
matter/'  which  is  the  nutritive  centre  of  the  surrounding  osseous  sub- 
stance. If,  instead  of  a  thin  lamella  of  bone,  sections  of  one  of  the  long 
bones  be  examined,  it  will  be  found  that  the  penetration  of  the  tissue  by 
bloodvessels  renders  a  peculiar  arrangement  of  the  lacunse  and  caualiculi 
requisite.  The  solid  osseous  texture  which  forms  the  shaft  is  covered  by  a 
strong  and  firm  layer  of  connective  tissue  termed  the  periosteum,  in  which 
Dumerous  bloodvessels  ramify,  and  is  lined  by  a  very  thm  and  delicate  layer 
of  the  same  tissue,  to  which  the  term  endosteum  is  applied.  This  also  is 
freely  supplied  with  small  vessels  derived  from  the  nutrient  artery  or  arteries 
of  the  bone.  From  both  the  external  and  internal  membranes  numerous 
small  bloodvessels  penetrate  the  bone,  occupying  a  series  of  canals  that  were 
first  described  by  Clopton  Havers,  and  have  been  named  after  him  the  Ha- 
versian canals.  These  for  the  most  part  run  parallel  to  the  central  cavity, 
communicating  however  with  one  another  by  frequent  transverse  branches, 
so  that  the  whole  system  forms  an  irregular  network,  pervading  every  part 
of  the  solid  texture,  and  adapted  for  the  establishment  of  vascular  commu- 
nication throughout.  The  diameter  of  the  Haversian  canals  varies  from 
Y^ififih  to  7^0^^  o^  ^^  1°^^  ^^  more;  their  average  diameter  may  be  stated 
at  about  jlaih,  of  an  inch.    The  Arteries  and  Veins  usually  occupy  separate 
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Fio.  30.— Vertical  section  of  Tibia,  showing  tljc  network  of  Haversian  canals. 

Fig.  31. — Minute  structure  of  Bone,  as  shown  in  a  thin  section  cut  transversely  to  the  direction  of  the 
Havensian  canals:  1,  One  of  the  Haversian  canaln  surrounded  by  its  concentric  laniellte;  the  lacunae 
are  seen  between  the  lamellse;  but  the  radiating  tubuH  are  omitted;  2,  an  Havcrsinn  canal  with  its 
coocf ntric  laminse,  lacuns,  and  radiating  tubuli;  3,  the  area  of  one  of  the  canals;  4,  4,  intervening 
lamellK:  b»*lween  these  lamellae  at  the  upper  part  of  the  figure,  several  very  long  lacunte  with  their 
luboli  are  s^^'n.  In  the  lower  part  of  the  figure,  the  outlines  of  two  other  canals  are  given,  in  order 
totbow  their  form  and  inude  of  arrangement  in  the  entire  bone. 


channels,  and  those  inclosing  the  latter  are,  in  some  instances,  as  in  the 
diploe  of  the  flat  bones  of  the  skull,  of  extraordinary  amplitude.  When  a 
transverse  section  of  a  long  bone  is  made,  the  open  orifices  of  the  longitudinal 
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canals  present  themselves  at  intervals,  sometimes  connected  by  a  transverse 
canal  where  the  section  happens  to  traverse  this.  Around  these  onfices  the 
osseous  matter  is  arranged  in  the  form  of  cylindrical  lamellse,  producing  the 
appearance  of  concentric  circles,  the  number  varying  from  five  to  twenty 
for  each  Haversian  canal.  Each  lamella  presents  a  clearer  internal  aud  a 
darker  external  part.  In  the  clearer  portion  of  the  lamella,  or  in  the 
spaces  intervening  between  the  lamellse,  numerous  lacunse  are  situated,  the 
caualiculi  from  which  penetrate  the  adjoining  lamellse,  producing,  as  Dr. 
Sharpey'  has  stated,  the  same  appearance  as  would  be  seen  on  boring  holes 
to  some  depth  in  a  straight  or  crooked  direction  through  the  leaves  of  a 
book,  excepting  only  that  the  passages  have  proper  parietes.  On  minute 
examination  of  bones  softened  in  acid,  the  lamellse  are  found  to  present  a 
well-marked  fibrous  structure,  the  fibres  being  transparent  and  decussating 
with  each  other  to  form  an  extremely  fine  network,  and  those  lamellse  that 
are  formed  by  the  periosteum  as  well  as  the  outer  lamellse  of  the  Haversian 
system  are  often  connected  or  bolted  together  by  perforating  bundles  of  fibres 
of  white  fibrous  or  of  yellow  elastic  tissue.  The  spongy  flat  bones  contain 
from  12  to  30  per  cent,  of  water,  the  compact  tissue  from  3  to  7  per  cent. 
The  chemical  analysis  of  dried  bone  shows  that  it  consists  of  from  30  to  34 
per  cent,  of  animal  matter,  which,  on  boiling  yields  gelatin,  and  from  66  to 
70  per  cent,  of  mineral  matter,  of  which  about  67  parts  are  composed  of 
calcium  phosphate,  8  parts  of  calcium  carbonate,  1  part  of  calcium  fluoride, 
and  1  part  of  magnesium  phosphate.'  The  degree  of  hardness  of  bones 
does  not  altogether  depend,  as  shown  by  the  experiments  of  Dr.  Stark,'  on 
the  proportion  of  mineral  deposit  they  may  contain  ;  for  the  flexible,  semi- 
transparent,  easily-divided  bones  of  fii«h  contain  as  large  a  proportion  of 
earthy  matter  as  the  ivory -like  leg  bones  of  the  deer  or  sheep.  As  a  general 
rule,  the  bones  of  the  extremities  contain  more  calcium  carbonate  and  phos- 
phate than  those  of  the  trunk,  and  the  larger  long  bones  more  than  the 
smaller  ones.*  There  is  no  difierence  in  the  composition  of  the  correspond- 
ing bones  of  the  two  sides  of  the  body,*  and  within  certain  limits  (20 — 80) 
age  has  little  or  no  influence  upon  it.  It  is  also  but  very  slightly  influenced 
either  by  the  proportion  or  the  nature  of  the  salts  centained  in  the  food.* 
The  power  of  resisting  pressure  possessed  by  bone  is  very  great,  being  nearly 
three  times  more  than  elm  or  ash,  and  twice  as  much  as  box,  yew,  or  oak.' 
The  weight  of  the  skeleton  is  to  that  of  the  whole  body  about  as  10.5 :  100 
in  man,  and  as  8.5 :  100  in  woman.  The  specific  gravity  of  bone  varies 
from  1.898  to  1.9(54.  The  natural  process  of  absorption  which  parts  of  vari- 
ous bones  and  the  fangs  of  the  first  set  of  teeth  undergo  is  eflTected  by  means 
of  many  nucleated  cells,  to  which  Kr>lliker®  has  recently  applied  the  term 
of  osteoclasts  or  osteophagous  cells.  These  present  a  close  brush  of  hairs  on 
that  part  of  the  cell  which  is  turned  towards  the  bone  undergoing  absorp- 
tion, and  it  is  by  their  action  that  all  foramina,  canals,  and  grooves  in  bone 
are  produced.     In  the  long  bones  of  Man  and  of  most  Mammalia,  the  central 

*  Introduction  to  QuHin's  Anntomy,  7th  edition,  p.  90. 

»  For  further  details,  and  for  the  percentage  composition  of  the  Ashes  of  Bones  and 
Teeth,  see  Aeby,  Centralblatt,  1871,  p.  501  ;   1873.  p.  97. 

*  Edinburgh' Medical  and  Surgical  Journal,  April,  1845. 

*  Foi>gil  bones  sometimes  contain  a  very  large  amount  of  Calcium  fluoride.  Las- 
saigne,  for  example,  found  15  per  cent,  in  a  tooth  of  the  Anoplotheriuni. 

»  Aebv,  Centralblatt,  1871,  p.  501. 

*  See  ^Vei^ke•8  Zeits.  f.  Biologie,  Band  vii,  pp.  179  and  333,  viii,  239,  and  ix,  541  ; 
and  Papillon,  Robin's  Journal  do  I'Anat.,  t.  vi,  163.  Heitzmann  (Wien.  Anzeig., 
1878,  p.  113)  shows  that  either  feeding  with,  or  subcutaneous  injection  of  lactic  acid 
produces  Rachitis  and  Osteomalacia  in  Carnivora. 

7  Robinson,  in  Lancet,  1846,  vol.  i,  p.  346. 

*  Vcrbandlungder  Wurzburger  Physik  und  Gesellcchaft,  N.  F.,  Band  ii,1872. 
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cavity,  which  may  be  considered  as  an  enlarged  Haversian  canal,  is  filled 
with  the  fhtty  matter  known  as  marrow.  This  substance  differs  from  ordinary 
adipose  tissue  in  the  nearly  complete  absence  of  connective  tissue,  the  cells 
being  supported  by  the  spiculse  and  lamellae  of  bone  which  project  into  the 
cavity  of  the  shall.  It  is  composed  of  96  parts  of  fat,  3  parts  of  fluid,  and 
1  part  of  connective  tissue.  In  the  cancellous  tissue  forming  the  expanded 
extremities  of  the  bones,  a  peculiar  reddish  fluid  is  found,  to  which  the  terra 
marrow  has  also,  though  incorrectly,  been  applied,  since  it  contains  only  a 
trace  of  fat.  Its  percentage  composition  is :  Water,  75  parts ;  albumen, 
fibrin,  and  salts,  25  parts.  Bones  are  but  feebly  supplied  with  sensibility. 
A  few  small  nerves  may,  however,  be  seen  to  enter  the  shafts  of  the  long 
bones  with  their  nutritious  arteries,  and  to  be  distributed  in  the  endosteum. 
50.  The  development  of  Bone^  consists  in  the  conversion  either  of  fibrous 
membrane,  or  of  cartilage  into  osseous  tissue.  In  the  former  case  the  ossi- 
fication is  said  to  be  intramembranous,  in  the  latter,  intracartilaginous. 
The  intramembranous  form  of  ossification  principally  occui*s  in  the  flat  bones 
of  the  head,  and  is  also  the  mode  by  which  the  long  bones  increase  in  girth. 
The  primary  tissue  presents  the  appearance  of  ordinary  fibrous  membrane, 
in  the  meshes  of  which  are  numerous  nuclei,  os- 
teoblasts, or  corpuscles  of  "  germinal  matter." 
In  the  process  of  ossification,  the  fibres  become 
the  seat  of  calcareous  deposit,  which  radiates  out 
firom  a  central  point,  advancing  along  the  fibres, 
and  rendering  them  opaque  and  granular.  By 
the  development  of  connecting  spiculse  between 
the  first-formed  radiating  strise,  irregular  areolie 
are  soon  produced,  in  manv  parts  partially  or 
wholly  inclosing  bloodvessels.  The  bone  then 
increases,  in  thickness,  by  the  deposition  of  new 
bone  proceeding  either  from  the  calcification  of 
successive  generations  of  osteoblasts,  which  line 
the  areolse  like  an  epithelial  layer,  or  of  a  ma- 
terial excreted  by  and  external  to  the  osteoblasts ; 
and  in  extent,  by  the  lateral  development  of  the 
radiating  strise.  In  intracartilaginous  ossifica- 
tion certain  preparatory  changes  occur  in  the  car- 
tilage, which  consist  in  its  becoming  vascular, 
and  in  its  cells  undergoing  repeated  division,  so 
as  to  form  cylindrical  piles  or  columns,  separated 
from  each  other  by  intercellular  substance  (Fig. 
34).  It  is  in  this  substance  that  the  ossific  matter 
is  first  deposited,  appearing  in  the  form  of  dark 
granular  spiculse,  which  shoot  up  between  the 
rows  of  cells  from  the  surface  of  the  subjacent 
bone,  or  radiate  from  a  central  point.     If  the 

cartilaginous  and  the  osseous  substance  be  sepa-  columns,  each  of  which  is  inclosed 
rated  at  this  period,  the  ends  of  the  rows  of  car-  J^/.J^stlnee  ^ '""^''^^  interceim- 
tilage-cells  will  be  found  to  be  received  into  deep 
narrow  cups  of  bone;  and  the  nuclei  in  immediate  contact  with  the  ossi- 

*  For  gootl  papers  on  the  development  of  Bone  see  C.  Kutschin  in  Rollett's  Un- 
tersuch.  mis  dera  Instil,  fiir  Phvis.  und  Histolojjie  in  Gfhz,  1870;  Kolliker,  Die  nor- 
malem  Resorption  des  Knochengewebe,  Leipzig,  1873;  Wolff,  Klin.  Wochenschrift, 
1863,  No  6;  Oilier,  Brown-Sequiird'a  Archives  do  Phy.*«iolr»p:ie,  1873;  Wegner  in 
Virchow's  Archiv,  1874,  Band  Ixi,  p.  44;  StrelzotT,  Centralblatt,  1872,  p.  449,  and 
1873,  p.  278. 
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Cartilage  at  the  seat  of  Ossifica- 
tion, showing  at  its  lower  portion 
the  clusters  of   cells  arranged  in 
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fying  surface,  which  were  previously  in  close  apposition,  separate  consider- 
ably from  one  another  by  the  increase  of  material  within  the  cells,  the 
nuclei  themselves  becoming  larger  and  more  transparent.  Small  connect- 
ing spiculse  of  bone  then  form  between  the  vertical  ones,  and  the  groups  of 
original  cartilage-cells  come  to  be  inclosed  within  oblong  loculi  or  areolae, 
which  constitute  the  primary  medullar}'  spaces.  The  young  cells  occupy- 
ing these  spaces  may  be  divided,  according  to  Waldeyer,  into  two  groups, 
one  of  which  aids  in  the  formation  of  the  osseous  tissue,  whilst  the  other 
develops  into  medullary  tissue.  The  former  may  be  appropriately  termed 
"  osteoblasts,"  and  consist  of  masses  of  granular  protoplasm,  6r  germinal 
matter  apparently  destitute  of  any  investing  membrane,  but  each  contain- 
ing a  nucleus,  which  arrange  themselves  side  by  side,  like  an  epithelial  layer, 
on  the  inner  surface  of  the  primary  areolae  of  bone-substance.  Many  of 
these  osteoblasts  mav  be  seen  undergoing  calcification,  and  half  buried  in 
the  newly-formed  yellowish  but  homogeneous  bony  deposit,  that  appears  as 
an  edging  to  the  darker  and  more  granular  primary  trabeculse,  whilst  in 
other  parts  they  may  be  seen  to  communicate  with  one  another  by  long  pro- 
cesses. After  the  first  set,  which  proceed  directly  from  the  cartilage-cells, 
have  been  used  up,  fresh  osteoblasts  are  developed  from  the  cells  of  the 
young  medullary  tissue.  Dr.  Sharpey,  Waldeyer,  and  others,  believe  that 
some  of  the  osteoblasts  become  wholly  converted  into  bone,  in  which  case 
the  nuclei  vanish,  whilst  others  only  undergo  partial  calcification,  the  cen- 
tral portion  of  the  protoplasmic  mass  remaining  with  the  nucleus  to  form 
the  contents  of  the  bone  lacunae.  Gegenbaur,  however,  thinks  the  lamellae 
are  formed  from  a  material  excreted  by  the  osteoblasts,*  and  KoUiker'  seems 
inclined  to  adopt  this  view.  Whilst  these  processes  are  occurring,  the  bony 
tissues  become  vascular,  partly  by  bloodvessels  from  the  investing  membrane 
of  the  bone  penetrating  or  pushing  their  way  in  from  without  by  absorption, 
and  partly  by  vessels  lying  on  the  surface  becoming  surrounded  by  de- 
posits of  new  osseous  substance,  which  form  by  degrees  the  series  of  inclos- 
ing lamelljethat  constitute  an  Haversian  system.  Of  the  bony  spiculse  and 
lamella;  bounding  the  primary  areolae,  some  have  been  shown  by  Dr.  Sharpey 
to  be  speedily  airbed  again,  and  thus  to  form  larger  areolie,  which  are  to 
be  seen  on  making  a  transverse  section  a  little  below  the  ossifying  surface. 
Even  after  the  completion  of  the  bone,  moreover,  interstitial  changes  are 
continually  taking  place  in  its  substance,  as  in  that  of  the  softer  tissues,  old 
Haversian  systems  being  partially  or  entirely  removed  by  absorption,  and 
new  ones  being  developed  in  their  place.  And  it  is  to  the  persistence  of  por- 
tions of  those  older  Haversian  systems,  which  have  undergone  partial  ab- 
sorption, that  we  are  to  attribute  the  presence  of  those  intervening  laminae 
which  fill  up  the  spaces  between  the  existing  Haversian  systems.  The  clavi- 
cle and  lower  jaw  are  the  first  bones  to  ossify,  their  osseous  centres  or  points 
of  ossification  appearing  at  the  close  of  the  first  month  of  foetal  life.  In- 
crease in  the  length  of  a  bone — as  may  be  shown  in  experiments  made  by 
feeding  an  animal  with  madder,  the  newly  formed  bone  being  deeply  tineed 
— takes  place  almost  entirely  between  the  epiphyses  and  the  shaft;  but 
probably  also  results  in  part  from  the  interstitial  deposition  of  new  material ;' 
increase  in  girth,  by  ossification  immediately  beneath  the  periosteum ;  ab- 
sorption from  within  and  deposition  from  without  going  on  continually. 
The  former  takes  place  by  intracartilaginous  or  endosteal,  the  latter  by 
intramembranous  or  ectosteal  ossification. 


*  Jenaipchen  ZoiUchrift,  Bund  iii,  1866.  *  Gewebelehre. 

'  For  nrgumonts  for  and  agiiinst  the  latter  point  see  Wolff.,  Cbl.,  1869,  p.  849; 
1870,  p.  641;  Volkmann  in  CVntralblatt,  1870,  p.  1J9 ;  Lieberkohn,  Centralblatt, 
187*2,  p.  420;  Kanvier,  Comptes  Kondus,  1873,  t.  77,  p.  1105. 
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51.  Teeth. — As  soon  as  solid  food  is  introduced  into  the  mouth  it  is  di- 
vided and  comminuted  by  the  Teeth.  Partly  in  accordance  with  the  general 
fact  that  epithelial  growths  die  and  are  cast  off  to  be  replaced  by  others 
formed  beneath  them,  but  chiefly  to  allow  for  that  enlargement  of  the  jaws 
which  occurs  in  the  passage  from  infancy  to  adult  age,  two  sets  of  these 
organs  are  developed — the  first,  temporary  or  milk  teeth,  which  last  up  to 
the  seventh  or  eighth  year,  are  20,  the  second,  or  permanent  set,  are  32  in 
number.  Both  are  firmly  imbedded  in  sockets  or  alveoli  of  the  upper  and 
lower  jaws.  The  front  or  incisive  teeth  (8  in  number)  are,  as  their  name 
implies,  provided  with  a  cutting  edge  for  the  prehension  and  division  of 
morsels  of  food  of  appropriate  size  for  mastication. 
The  sharp-pointed  canines  (4  in  number)  pierce  fio.ss. 

and  cut  the  firmer  and  tougher  constituents  of  our 
ordinary  aliment,  whilst  the  bicuspids  (8)  and  the 
molars  (12)  triturate  and  bruise  the  food,  till,  with 
the  aid  of  the  saliva,  it  is  reduced  to  the  consistence 
of  pulp ;  it  is  then  fitted  for  deglutition.  Every 
tooth  consists  of  a  crown,  a  neck,  and  one  or  more 
fsLngs  (Fig.  35),  and  in  all  teeth  three  structures 
are  found — the  dentine,  which  gives  the  general 
form  and  size  to  the  tooth  ;  the  enamel,  which  caps 
the  crown ;  and  the  crusta  petrosa,  which  invests 
the  faug.  On  examining  a  thin  longitudinal  sec- 
tion of  a  tooth,  the  dentine  is  found,  like  the  shaft 
of  the  long  bones,  to  be  hollowed  out  into  a  pulp- 
cavity,  containing  a  little  connective  tissue,  with 
bloodvessels  and  nerves.  These  enter  by  a  minute 
orifice  at  the  extremity  of  the  fang.  The  dentine 
which  surrounds  the  pulp-cavity  is  composed  of  a  ^.Y'^T^Vr'!''"  ""^  V"oT 

....  ^11  ^  ^  \     ^^  .t     .     Molar  Tooth:    1,  ciiaiuel ;  2,  7, 

matrix,  which  is  traversed  by  numerous  tubuli  that  cenu-utum  or  cmsta  petrosa;  3, 
radiate  from  the  pulp-cavity  towards  the  external  dentine  or  ivory;  4,  osseous  ex- 
surface  of  the  tooth,  and  which  pursue  a  gentlv  crescenee,  arising  from  hyper- 
undulating  COUree,  dividing  dichotomouslv,  and  trophy  of  cememum ;  5  cavity. 
,.            ...        .              1             1              T        1                 •             1  subsequently  tilled  with  ostco- 

geuding  off  minute  branches.     In  dry  sections  the  dentine;  g,  osseous  lucume  at 
tubuli,  having  a  diameter  of  about  :f3^'on^h  of  an   outer  part  of  dentine. 
inch,  are  seen  to  open  into  the  pulp-cavity  by  one 

extremity,  and  by  the  other  to  terminate  either  by  exquisitely  fine  branches 
or  in  similar  cavities  in  the  dentine,  or  overstepping  the  limits  of  this  to 
end  in  the  enamel,  or  crusta  petrosa.  The  tubuli  are  most  closely  set  near 
the  crown  of  the  tooth.  In  the  living  state  they  are  occupied  by  })rolonga- 
lions  of  the  protoplasmic  sub.^tance  which  fills  the  pulp-cavity.  These  pro- 
cesses are  not  in  direct  contact  with  the  matrix,  but  are  invested  by  sheaths 
— the  dentinal  sheaths  of  Neumann.  The  matrix  intervening  between  the 
tubuli  is  clear  and  homogeneous,  and  in  softened  sj^ecimens  gives  evidence 
of  being  deposited  in  lamella,  concentric  with  the  pulp-cavity  (Bharpey). 
Near  the  outer  surface  of  the  dentine,  and  also  forming  certain  arched  con- 
tour lines  at  the  crown  of  the  tooth,  is  a  peculiar  modification  of  the  matrix, 
which  appears  to  be  broken  up  into  spaces  bounded  by  globular  masses  per- 
forated with  dentinal  tubuli — the  so-called  interglobular  layer.  The  enamel 
(Fig.  28")  is  composed  of  solid  hexagonal  prisms  of  about  the  -^Ijjth  of  an 
inch  in  diameter,  arranged  vertically  to  the  dentinal  surface  on  which  they 
rest,  and  firmly  adherent  to  one  another.  The  course  of  these  prisms  is 
generally  wavy,  and  their  surfaces,  in  section,  are  marked  by  transverse 
striae.  Enamel  is  the  hardest  of  all  the  tissues  of  the  body.  The  cnista 
petrosa,  or  ceinentum,  corresponds  in  all  essential  particulars  with  bone,  pos- 
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8essing  its  characteristic  lacunae  and  canaliculi.  It  is  destitute,  however,  of 
any  lamellar  structure.  It  is  thickest  at  the  extremity  of  the  fang,  aud  be- 
comes gradually  thinner  towards  the  neck  of  the  tooth,  where  it  terminates. 


Fig.  36. 


Section  through  the  fang  of  a  Molar  Tooth:  a,  a,  dentine  traTersed  bj 
its  tubuli ',  b,b,  nodular  layer ;  r,  c,  ccmentum. 


Fio.  37. 


A.  Transverse  section  of  Enamel,  showing  the  hexagonal  form  of  its  prisms;  B,  separated  prisms. 

The  following  are  the  results  of  Von  Bibra*s  analysis  of  the  component 
structures  of  human  teeth : 

Incisors  of  Adult  Man, 

Dentine.  Enamel.  Cementum. 

.     28.70  8.69  29.27 

.     71.80  9G.41  70.78 


Organic  matler, 
Earthy  matter, 


100.00 


100.00 


100.00 


In  tracing  the  development  of  the  teeth,  they  are  found  to  be  essentially 
dermal  structures,  which  have  undergone  calcification,  the  epithelium  form- 
ing the  enamel,  and  the  mucous  tissue  the  dentine  and  cement.  At  the 
sixth  week  of  foetal  life  a  deep,  narrow  groove  may  be  perceived  in  the 
upper  jaw  of  the  human  embryo,  between  the  lip  and  the  rudimentary 
palate.  This  is  speedily  divided  into  two  by  a  ridge,  which  afterwards  be- 
comes the  external  alveolar  process ;  and  it  is  in  the  inner  groove,  which  is 
termed  the  primitive  dental  groove,  that  the  germs  of  the  teeth  subsequently 
appear.  The  groove  is  at  first  completely  covered  and  filled  with  the  epi- 
thelium of  the  oral  cavity,  so  that  on  a  surface  view  it  is  scarcely  percepti- 
ble.    From  the  bottom  of  the  dental  groove  a  narrow  process  of  the  oral 
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epithelium  dips  into  the  subjacent  mucous  tissue,  presenting  on  section  the 
form  of  a  short  tubular  gland  (Fig.  38),  but  really  constituting  an  epithelial 
fold  along  the  whole  length  of  the  jaw.  As  this  fold  deepens  and  enlarges 
a  projection  of  the  mucous  tissue  takes  place  in  the  opposite  direction. 
(Fig.  39/.)    This  projection  or  papilla  is  the  dentine  germ.    By  its  growth  it 


Fig.  88. 


Fig.  39. 


Fui.  38.— Vertical  section  of  the  Upper  Jaw  of  a  Foetal  Sheep,  about  2%  inches  long,  showing  the 
eoaioel  germ,  with  the  semilunar  rudiments  of  the  dentine  germ  and  dental  sac  in  transTerse  section. 
1,  Dental  grooTe;  2.  palatal  process,  magnified  50  diam. 

Fio.  39.— a,  Epithelium,  fr,  younger  layer  of  Epithelium,  c,  inferior  layer  of  the  Epithelium,  e, 
enamel  organ.  /,  dentine  germ  or  papilla,  ff  and  A,  inner  and  outer  layers  of  the  sacculus  that  is 
about  to  form. 

assumes  the  form  of  a  club-shaped  mass,  and  the  enamel  organ  invests  it  like 
a  cap.  (Fig.  40.)    The  first  papilla  appears  at  the  end  of  the  seventh  week, 

Fio.  40. 


Vertical  section  of  the  Lower  Jaw  of  a  Human  Foetus,  mensuring  about  four  inches  in  length,  mag- 
iii6ed  25  diam.:  1,  dental  groove;  2,  remains  of  the  enamel  germ;  3,  enamil  organ,  presenting  epi- 
tbf  tium  on  both  its  outer  and  inner  surface,  t.  e.,  where  it  lines  the  sacculus  and  where  it  covers  the 
papilla;  4,  enamel  germ  of  the  permanent  tooth;  5,  dentine  germ;  6,  section  of  inferior  maxilla;  7, 
Meckel's  cartilage.  The  dental  sacculus  will  be  observed  to  present  a  number  of  fine  papille  opposite 
tb«  deotaJ  panillv. 

and  18  the  germ  of  the  anterior  temporary  molars ;  at  the  eighth  week  that 
for  the  canine  tooth  appears ;  at  the  ninth  those  for  the  central  and  lateral  in- 
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cisori^i;  aod  at  the  tetith  week  that  for  the  pQ:?iterbr  milk  mokr  tofitli.  Thr^ 
deiitnl  ridges  nnw  or>alesee  </,  Fig,  41  \  owing  to  the  meeting  noil  (y!*i(>n  of 
two  (iiicisors),  three  (canine), or  four  (molar}  procefses  (opercula)  frotn  thdr 
margirist,  which  Uikes  place  at  the  fourteenth  week.  The  tooth-germs  are 
now  inclosed  in  saceuhj  and  on  eectiou  the  characters  seen  In  Fig.  41)  are 
presented. 

Between  the  papilla  or  dentine  germ  and  the  connective  tisene  forminc 
tlie  wall  of  the  saccular  \s  seen  a  springy  tissue  (3)  composed  of  cells  which 
formi*  the  ermmei  ar^fin.  The  in!jcrmi>st  layer  of  cellw,  which  are  in  rrn me- 
diate contact  with  the  papilla,  are  columnar  and  T-egularly  hexagonal  in 
section.  Their  extrcmitie?!  are  destitute  of  a  cell- wall,  though  elsewhere  it 
is  well  defined*  Near  the  base  of  the  papilla  the  cells  becoQie  more  cnliical, 
and  are  reflected  at  its  ba^e  upon  the  inner  surface  of  the  wall  of  the  pa**tnilu!^. 
The  poivfTonal  cells  intervening  between  the^e  two  lay  en*  become  ^i  el  late  and 
anafitomose  with  each  other,  the  InlerspaeeT^  being  tilled  with  a  gelutinuns 
mibstanee,  which  appears  to  form  a  kind  a  pabulum  for  the  growth  of  the 
eyliinauar  enamel  celk.    At  all  eventii,  it  undergoes  atrophy^  so  that  the 


Thtn  wet  In  D  of  111  p  ifjin-r  jw^rUun  at  ihe  t^oUne,  &D(]  of  the  turAee  of  the  Pulpi,  oi  ta  aJiill  In 
Tonth  :  a,  |MirL|an  in  wlilch  CAleiflcntioii  is  cviitplflc.  ihowlnir  >f|Miralc  globuitr  iiiiut»c«  At  tlie  litici  of 
juneUoii  wltli  tlieutiriilijiflnl  subatntice,  fr;  nt  r  hre  ae^ti  QVal  mUHnes  of  gtrtuLnil  miiLler  fCiniX  M'lili 
fortiittJ  niHtoriiLl  on  tiivlr  ottlvr  turriwe;  d^  Mrtn trial  portlooi  of  nerrc^abrea, 

outer  and  inner  epithelial  lay  era  come  into  dose  apposition;  and  in  teeth 
examined  just  at  the  period  of  ernptioD  a  membrane  can  be  detached  frooi 
the  enamel,  compoj^ed  of  one  or  more  layers  of  very  flat  epithet ial  cells, 
which  Waldeyer  entertains  no  doubt  repr^ent*?  the  oufcer  epiihelium,  with 
more  or  lei?*  tA'  the  stratum  intermedium.  The  enamel  it^lf  proc^eedn  from 
tha  direct  calcificatipn  of  the  long  columnar  celk,  the  deposition  of  the  cal- 
careou!*  »alttt  takinp^  place  with  tolerable  uniformity  in  their  outer  ends* 
When  ihe  calcificatiou  has  proceeded  to  a  certain  extent,  the  calcified  part 
may  be  raised  in  the  form  of  a  membrane  (Ras^ehkow's  membrana  preftirma* 
tivrt)  from  the  subjacent  softer  tissue;  and  thu^^  a^^  Huxley  tir&t  demon- 
strated, the  enamel  is  a  petrified  epithelium.  The  first  germ  of  the  dentins 
appears!  m  a  dark  semihiuar  area  at  the  base  of  the  enamel  jrerni*  Ai  de- 
velopiijent  proceeds  the  papilla  is  gradually  formed  by  the  diflereitliaritiu  of 
the  mucoua  tLr^ue^and  is  compoaeil  of  cells  lying  in  delicate  connective  tiiiwye. 
The  celli*  or  cdontobla^ta  lying  near  the  surface  become  elongated,  and 
arranged  vertically  to  the  surface »  ilie  more  deeply  situated  extrL*uies  of 
each  eiJiunuKucatitig  with  other  odontoblasUi  lying  nearer  the  axiis  of  the 
}>apilla>    Calcification  first  invades  the  outer  extremities  of  these  cells.    A 
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ceDtral  rod  always  remains  uncalcified.  The  layers  of  matrix  immediately 
surrounding  the  fibres  undergo  conversion  into  elastic  tissue,  and  form  the 
dental  sheaths  of  Neumann.  Each  dentinal  tube  is  thus  made  up  of  several 
odontoblasts  arranged  end  to  end.  The  formation  of  the  cevient  is  identical 
with  the  process  of  intramembranous  ossification  in  bone.     The  matrix  of 


Fio.  42. 


C  fi  «^ 


i8^-#1jfe 


Sucrtnsire  stages  or  the  DeTelopraent  of  the  Deciduous  or  Temporary  Teeth,  and  of  the  origin  ot 
the  cmpsoles  of  the  Permanent  set:  o,  primitiTe  dental  groove,  seen  iu  transrerse  section  ;  h,  origin  of 
deoul  |«pilla  from  its  floor,  the  pit  being,  in  the  recent  titate,  roofed  in  by,  and  filled  with,  epithelium 
cells ;  e,  papilla  projecting  from  the  mouth  of  its  follicle ;  d,  e,  formation  of  the  opercula,  which  meet 
over  thf  papilla ;  /,  incipient  formation  of  caTity  of  resenre ;  g,  A,  i,  formation  of  capsules  and  papillsp 
of  permanent  teeth  from  cmTitj  of  reserve,  and  eruption  of  milk  teeth. 

the  cement  is  the  loose  myxomatous  connective  tissue  of  the  dental  alveoli 
immediately  surrounding  the  teeth.*  As  early  as  the  fifth  month,  before  the 
calcification  of  the  primitive  pulps  commences,  a  provision  is  made  for  the 
production  of  the  "permanent"  teeth,  the  capsules  of  which  originate  in 
Duds  or  offsets  from  the  upper  part  of  the  capsules  of  the  "  temporary "  or 
milk  teeth  (/,  Fig.  42).  These  offsets  are  at  first  in  the  condition  of  open 
follicles  communicating  with  the  cavity  of  the  primitive  tooth  ;  but  they  are 
gradually  closed  in,  and  detached  altogether  from  the  capsules  of  the  milk 
teeth  (^,  h,  i).  The  three  permanent  molars,  which  are  superadded  in  the 
adult  to  the  milk  teeth  of  the  infant,  are  produced  by  a  precisely  similar 
process  of  budding  from  the  sac  detached  from  that  of  the  last  milk  molar. 
The  following  are  the  principal  dates  connected  with  the  development  and 
eruption  of  the  teeth  : 


Temporary  or  Deciduous  Teeth. 


Permauont  Teeth. 


Period  of  formation  of  papilla,  i 
Week  01  inlraulerine  life. 


Period  of  eruption. 
Month.after  birth. 


Anterior  molars, 
Cnnines,  .     .     . 
Cfiiiml  incisors, 
LiiterHl  incUors, 
Posterior  uioiars, 


7th 
8th 
9th 

yih 

10th 


Centnil  incisors,  .  7th 
LiitefMl  incisors,  8-lOlh 
Anterior  molars,  12-13ih 
Cuiiines,  .  .  .  14-20lh 
Posterior  molars,  18-36th 


Period  of  eruption. 

"\  ear». 

First  molnrs,     .     . 

^■ 

-  7 

Central  incisors,    . 

7  - 

-  H 

Lateral  incisors,     . 

8  - 

-  1) 

First  bicuspids,     . 

0  - 

-10 

Second  bicuspids,  . 

10  - 

-11 

Canines,  .... 

12  - 

-vn 

Second  molars,  .     . 

12^ 

-14 

Third  molars,    .     . 

IG- 

-30 

*  For  a  full  account  of  the  structure  and  development  of  the  teeth,  see  Waldeyer's 
EufHV  in  Strieker's  Human  and  Comparative  ilistology,  1870;  Syd  Soc.  Trans. 
vol.  i,  p.  463,  to  which  an  excellent  bibliography  is  attached.  Also  Quain  and 
8harp«^y,  vol.  ii,  p  78<).  Wenzel,  Pamphlet,  Leipzig,  187L  For  the  resorption  of 
part*  of  the  teeth  see  Kollikcr,  Centralblatt,  1872,  pp.  3o3  and  369. 
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CHAPTER  IV. 

CHEMICAL  COMPOSITION  OP  THE  BODY. 

52.  The  elements  which  enter  into  the  composition  of  the  various  fluids 
and  8oIids  of  the  body  are  Oxygen,  Hydrogen,  Nitrogen,  Carbon,  Sulphur, 
Phosphorus,  Chlorine,  Fluorjne,  Potassium,  Sodium,  Lithium,  Calcium, 
Silicum,  Magnesium,  and  Iron.  Lead  and  copper  are  occasionally,  but  per- 
haps only  accidentally,  present.*  The  combinations  of  these  elementary 
bodies  are  divisible  into  two  great  groups:  the  Inorganic,  represented  by  the 
saline  constituents,  in  which  they  are  united  for  the  most  part  in  a  binary 
manner,  and  the  Organic,  in  which  the  chemical  constitution  is  much  more 
complicated,  but  which  are  again  easily  subdivisible  into  the  azotized  coin- 
pounds  represented  by  the  albuminous  substances  and  their  derivatives,  and 
the  nonazotized  compounds,  which  include  the  oleaginous  and  the  saccharine 
substances.  The  inorganic  compounds  are  commonly  associated  with  the 
organic  in  sufficient  quantities  to  maintain  the  body  in  health,  if  the  food  be 
sufficiently  varied,  though  in  one  or  two  instances — as  in  those  of  the  use  of 
water  and  of  common  salt — an  additional  supply  is  taken  in  the  pure  state. 
The  organic  group  b  primarily  and  entirely  derived  from  the  Vegetable 
Kingdom,  the  office  of  which  is  to  produce,  from  the  surrounding  air,  water, 
and  soil,  the  complex  materials  of  which  the  bodies  of  animals  are  con- 
structed. The  inorganic  compounds  undergo  comparatively  little  change  in 
passing  through  the  body,  but  the  organic — and  especially  those  belouging 
to  the  azotized  or  albuminous  type,  which  have  a  complicated  constitution, 
their  molecules  being  larger,  and  containing  many  atoms  held  together  by 
comparatively  feeble  affinity — are  correspondingly  liable  to  break  down 
under  the  influence  of  disintegrating  causes,  and  by  their  oxidation  to  yield 
the  various  forms  of  force  which  the  animal  body  exhibits.  If,  for  instance, 
we  follow  the  changes  undergone  by  the  albuminous  group  we  shall  find  that 
they  no  sooner  enter  the  stomach  than  they  are  placed  under  conditions, 
namely,  warmth  and  moisture,  that  are  particularly  favorable  to  decomposi- 
tion. The  jwculiar  properties  of  the  gastric  juice,  however,  retard  and,  at 
the  :jame  time,  modify  the  changes  they  would  otherwise  undergo.  By  ren- 
dering them  soluble  it  enables  them  to  be  absorbed  into  the  blood,  where 
they  are  exposed  to  the  action  of  oxygen,  in  a  very  active  state,  dissolved  in 
an  alkaline  Huid.  A  portion  is  probably  immediately  applied  to  the  main- 
tenance and  reconstruction  of  the  tissjues,  and  to  the  formation  of  the  albumi- 
noid constituents  of  the  various  secretions,  which,  in  the  form  of  Mucin, 
Collagen,  8|>ermatin,  etc.,  may  be  regarded  as  the  immediate  derivatives  of 
albumen,  whilst  a  part  remains  in  solution  in  the  blood.  Both  portions  alike 
— that  which  forms  part  of  the  tissues,  and  that  which  forms  part  of  the 
blood — sooner  or  later  unite  with  oxygen,  and  appear  to  break  up  into  two 
groups  of  compounds,  the  azotized  and  the  nonazotized.    The  foritier  include 

1  Sne  BlHsiu$,  ZtfiU.  f.  Rut.  Med.,  B.  xxvi,  p.  *2iiO]  und  LoMen,  Journal  f.  ChcDiie, 
180G,  p.  400. 
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such  substances  as  Leucin,  Glycin,  and  Taurin ;  the  Biliary  and  Urinary 
acids,  Kreatin,  Kreatinin,  and  Urea;  and  the  azotized  pigmentary  sub- 
stances. The  latter — or  nonazotized  group — ^are  divisible  into  those  which 
contain  less  oxygen  than  the  albuminous  compounds,  as  the  fats ;  or  more 
oxygen,  as  the  carbo-hydrates,  glycogen,  milk,  sugar,  and  the  like.  The 
ultimate  results  of  the  further  oxidation  of  both  classes  of  compounds  are 
carbonic  acid  and  water/  The  fats  and  carbo-hydrates  ingested  into  the 
stomach,  after  some  preparatory  processes,  are  absorbed  into  the  blood,  aud 
undergo  the  same  changes  as  the  correspond inj?  compounds  resulting  from 
the  breaking  up  of  albumen  and  its  allies.  The  tissues  therefore,  as  Dr. 
Marcet  has  recently  pointed  out,'  may  be  regarded  as  formed  of  three  dif- 
ferent classes  of  substances,  namely,  those  which  constitute  the  mature  or 
functionally  active  tissue,  and  are  characterized  by  being  insoluble  in  water ; 
next,  those  on  their  way  to  form  the  living  tissue — which  are  soluble  in 
water  but  of  colloidal  nature,  i,  e^  incapable  of  diffusion  ;  and,  finally,  those 
which  are  efiete,  having  performed  their  function,  and  are  on  the  road  to  be 
eliminated.  These  are  soluble  in  water  and  crystalloid.  It  will  thus  be 
seen  that  Plants  and  Animals  are  directly  opposed  to  each  other  in  their 
chemical  relations:  Plants  forming  organic  compounds,  decoinposing  car- 
boDic  acid,  fixing  the  carbon  and  setting  free  the  oxygen,  and,  so  to  speak, 
absorbing  force;  whilst  Animals  effect  the  decomposition  of  the  organic 
compounds,  taking  up  oxygen,  and  eliminating  carbonic  acid,  water,  and 
urea,  and  giving  cff  force  in  the  form  of  heat,  motioi^,  etq.  Jn  considering 
the  proximate  principles  entering  into  the  composition  of  the  body,  we  shall 
first  describe  the  albuminous  compounds  and  their  derivatives;  secondly, 
the  hydro-carbonaceous,  and  thirdly,  the  mineral  compounds,  following 
as  far  as  possible  the  order  of  descent  from  the  higher  to  the  lower  planes 
of  complexity  of  constitution  which  experiment  and  observation  render 
probable. 

53.  Albuminous  Compounds.' — As  already  stated,  Plants  alone  are 
capable  of  producing  albuminous  substances  or  "Proteids"  from  the  direct 
union  of  their  elements;  and  from  this  source  are  derived  all  the  supplies 
required  for  the  maintenance  of  their  bodies  by  the  Herbivora,  which  again 
yield  them  up  to  the  Carnivora.  The  chief  facts  deserving  of  attention  in 
the  chemical  history  of  the  Proteids  are,  that  they  are  all  composed  of  Car- 
bon, Hydrogen,  Nitrogen,  Oxygen,  and  Sulphur,  and  so  complex  is  the 
grouping  of  their  atoms  that  it  is  almost  impossible  to  represent  them  by 
any  rational  formula.  No  less  than  sixteen  different  forms  of  albumen  have 
been  described  by  chemists,  viz.,  Serum-albumen,  Ov-albumen,  Paralbumen, 
Paraglobulin,  Fibrinogen,  Serum-Casein,  Alkali-  (Sodium-  or  Potassium-) 
Albumen,  Casein,  Myosin,  Syntonin,  Coagulated  Albumen,  Fibrin,  Vitellin, 
Ichthin,  Amyloid  and  Prot-acid.  The  differences  between  these  are,  however, 
comparatively  slight,  and  are  chiefly  referable  to  their  greater  or  less  solubility 
in  saline  or  acid  solutions,  or  in  the  temperature  at  which  they  coagulate  by 
heat,     A  knowledge  of  their  percentage  composition  is  more  easily  attained. 


'  The  successive  steps  may  be  traced,  perhaps*,  most  distinctly  in  the  case  of  e^unnin 
(CjHjNjO)  which  ii*  a  constituent  of  the  pancreas,  through  hypoxanlhin  (CsH^N^O) 
Mnd  xanthin  (CjH^N^Oj)  to  uric  acid  (C.H.N^Oj)  ;  uric  acid  asjain,  when  jieted  on 
by  oxidizini;  agents,  yielding  urea  (Cu^^^U)y  alhintoin  (C^H^N^O,),  oxalic  acid 
(C,0,OH-),  and  cHrb<»nic  acid. 

'  An  Experimental  Inquiry  into  the  Nutrition  of  the  Animal  Tissue,  1874. 

»  See  Eichwald,  Beitrage  zur  Chemie  der  Gewebebildenden  Substanzen  und  ihre 
Abkommlinge.  Berlin,  1878.  Nasse  Sludien  uber  die  Eiweisskorpen,  PflUger's 
ArchiT,  Band  vi,  1872,  p.  589,  und  Band  vii,  189. 
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and  the  following  table*  will  show  the  close  similarity  in  the  compositioD  of 
those  that  have  been  most  carefully  determined.     They  are  all  very  unsta- 

Serum-albumen.  Fibrin.  Syotonio.  Globulin.                 C««ein. 

C,    .     .     .     53.5     .     .  .  62.6     .     .  .     54.1     .     .  .     64.6     .     .  .     53.8 

H,  .     .     .       70     .     .  .  7.0     ..  .       7.3     ..  .       6.9     ..  .       7.1 

N,  .     .     .     165    .     .  .  17.4     .     .  .     16.0    .     .  .     16.5    .     .  .     15.7 

O,   .     .     .     22.4     .     .  .  21.8    .     .  .     21  5     .     .  .     20.9     .     .  .     22.6 

S,    .     .     .       1.6     ..  .  1.2     ..  .       1.1     ..  .       1.2     ..  .       10 

ble,  and  not  only  easily  decompose  themselves,  but  act  as  exciters  of  fermen- 
tation to  other  bodies.  Most  of  the  Proteids  exist  in  two  states — a  soluble, 
and  an  insoluble.  The  former  may  be  obtained  by  evaporating  the  fluids  in 
which  they  are  contained  at  a  comparatively  low  temperature  to  dryness, 
when  the  albuminous  substance  appears  as  a  semi-transparent  yellowish 
material,  resembling  gum-arabic,  free  from  taste  and  smell,  neutral  to  test- 
paper,  and  with  the  exception  of  Hjemoglobin,  quite  destitute  of  any  ten- 
dency to  crystallize.  The  insoluble  form  is  obtained  by  heat  or  by  precipi- 
tation with  various  chemical  reagents,  and  forms  whitish  flocculent  masses, 
which  present  a  granular  aspect  under  the  microscope.  A  moderately  strong 
solution  of  ov-albumen  in  water  becomes  turbid  at  140^  ;  completely  insolu- 
ble at  145° ;  and  separates  in  flakes  at  167° ;  when  excessively  diluted, 
however,  no  turbidity  can  be  produced  by  a  less  heat  than  194**.  After 
having  been  dried  in  vacuo,  or  at  a  temperature  below  120°,  albumen  may 
be  heated  to  212^  without  passing  into  an  insoluble  condition.  The  albu- 
minous compounds  belong  to  the  group  of  Colloids,  founded  by  Professor 
Gmham,  which  possess  an  extremely  low  power  of  diffusion  through  animal 
membranes.  To  this  peculiarity  their  feeble  taste  may  in  all  probability  be 
attributed.  They  have  little  or  no  smeH.  They  dissolve  in  concentrated 
acetic  and  pho:?phoric  acids,  and  with  partial  decomposition  in  caustic 
alkalies.  They  are  precipitated  by  alcohol,  ether,  tannic  acid,  corn)sive 
sublimate,  and  most  of  the  mineral  acids.  Concentrated  nitric  acid  stains 
them  yellow,  and  concentrated  hydrochloric  acid  dissolves  them,  the  solu- 
tion assuming  a  blue  color.  They  are  precipitated  by  potassium  ferrocyanide. 
Solution  of  iodine  stains  them  of  a  yellow  color,  and  they  all  become  red  at 
212°  F.  when  acted  on  by  Millon*s  reagent,  which  consists  of  a  solution  of 
the  proto-  and  pernitrate  of  mercury.  iSulphuric  acid  holding  molybdenic 
acid  in  solution  stains  them  of  a  dark  blue  ( Frohde's  reaction),  and  when 
treated  with  sugar  and  sulphuric  acid  under  the  microscope,  they  give  a 
beautiful  violet  color  ( Schultze's  reaction).  Von  Gorup  Besanez'  observes 
that  when  acted  on  by  powerful  oxidizing  agents,  the  albuminous  compounds 
yield  formic,  acetic,  propionic,  butyric,  valerianic,  capronic,  and  benzoic 
acids,  the  aldehydes  of  these  acids,  ammonia,  and  volatile  bases;  whilst  by 
the  action  of  acids,  alkalies,  and  during  putrefaction,  they  give  rise  to  vola- 
tile fatty  acids,  leucin,  tyrosin,  glycin,  ammonia,  volatile  bases,  sulphide  of 
ammonium,  and  a  volatile  crystallizablc  substance  having  the  odor  of  fseces. 
It  is  worthy  of  notice  that  some  of  these,  as  the  azotized  compounds,  leucin, 
and  tyrosin,  and  the  nonazotized  substance,  glycin,  can  be  extracted  from 
those  parts  of  the  body  as  the  glands  in  which  active  processes  of  metamor- 
phosis are  taking  place.  It  is  reasonable  to  suppose,  therefore,  that  the  suc- 
cessive stages  undergone  by  the  albuminous  substances  within  the  body  are 
essentially  similar  to  those  through  which  they  pass  when  acted  on  by 
chemical  agents  without  the  body.  The  aqueous  solutions  of  albumen  rotate 
the  plane  of  polarization  to  the  left. 

»  Froy,  Hi8tt>ch«.'inie,  1873,  p.  13.  «  Phys.  Chemie,  1874,  pp.  39  and  117. 
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The  albuminous  compouuds,  as  the  following  table  taken  from  the  same 
author  will  show,  are  widely  distributed  through  the  body,  and  in  fact  may 
almost  be  said  to  be  everywhere  present. 

In  1000  parts  of— 


Fluids  are 

Cervbro-spinal  fluid,      ....  0.9 

Aqueous  humor, 1.4 

Liquor  amnii, 7.0 

IntcstiDHl  juice, 9.5 

Pericardial  fluid, 23.6 

Ljmph, 24  6 


Tissues  are 

Spinal  cord, 74.9 

Brain, 86.8 

Liver, 117.4 

Thymus  (of  calf), 122.9 

Egg  (of  fowl), 134.8 

Muscle, 161  8 


PancreAtic  secretion,     ....     88.3  !  Middle  coat  of  arteries,     .     .     .  278.8 


SynovU, 89.1 

Milk, 89.4 

Chyle, 40  9 

Blood, 195.6 


Crystalline  lens, 883. 


Fibrin  appears  to  be  a  compound  formed  by  the  union  of  two  kinds  of 
albumen — fibrinogen  and  paraglobulin — under  the  influence  of  a  ferment; 
the  two  former  of  which  are  constantly  present  in  the  blood,  and  in  inflam- 
matory exudations,  whilst  the  ferment  forms  in  the  blood  after  its  removal 
from  the  body.*  Its  properties,  as  well  as  those  of  hjematocrystallin,  or  the 
albuminous  constituent  of  the  blood-corpuscles,  will  he  found  detailed  in  the 
section  devoted  to  the  consideration  of  the  blood.  A  substance  presenting 
numerous  points  of  similarity  to  Fibrin,  if  not  identical  with  it,  has  been 
obtained  by  Mr.  A.  Smee,'  by  passing  oxygen  through  defibrinated  bloml  to 
which  ordinary  ov-albumen  has  been  added,  or  through  albumen  slightly 
acidified  with  acetic  acid,  and  also  by  transmitting  feeble  currents  of  elec- 
tricity through  an  albuminous  fluid,  when  it  accumulates  arouud  the  positive 
pole,  where  oxygen  is  eliminated.  The  substance  to  which  the  term  Casein 
was  formerly  applied,  and  which  is  so  abundant  in  milk,  has  lately  been 
shown  to  be  only  a  combination  of  albumen  with  soda,  the  albumeu  playing 
the  part  of  an  acid.' 

Myosin. — The  term  Myosin  is  applied  to  the  coagulum  which  forms  in 
the  juice  expressed  from  living  muscle.  It  differs  from  fibrin  iu  its  trans- 
parency and  in  its  remaining  gelatinous,  without  any  tendency  to  as.sume  a 
fibrous  character,  but  i*esembles  that  substance  in  its  remarkable  power  of 
quickly  decomposing  peroxide  of  hydrogen ;  it  loses  this  property  at  a 
temperature  of  140^  F.  It  separates  from  the  muscle  plasma  or  juice  very 
slowly  at  33°  F.,  but  with  great  rapidity  at  104°  F.  An  immediate  coagulum 
occurs  in  the  plasma  on  dropping  it  into  cold  dis^tilled  water,  or  on  the  addi- 
tion of  diluted  acids  or  solution  of  common  salt  (ten  to  twenty  per  cent). 
The  coagulum  thus  formed  remains  insoluble  in  water,  but  it  is  easily  dis- 
solved in  dilute  acids  and  alkalies,  and  in  five  to  ten  per  cent,  solutions  of 
eonmion  salt.  In  a  state  of  purity,  myosin  has  no  action  on  vegetable  colors. 
In  the  act  of  solution  in  dilute  acids,  it  is  converted  into  syntonin.  Kiihne 
considers  that  to  the  coagulation  of  the  myosin,  the  condition  of  the  muscles 
termed  Rigor  mortis  is  to  be  referred. 

Syntonin  can  be  extracted  in  large  quantities  from  muscles  and  other 
albuminous  compounds  by  the  action  of  a  solution  of  hydrochloric  acid, 
containing  one  part  of  the  acid  to  1000  of  water.     Syntonin  is  precipitated 


»  S^e  Schmidt,  Pfluger'8  Archiv,  Band  vi,  1872,  p.  413. 
'  PnK-»»edingi  of  the  Koyal  Soi'ioty,  Jnnuary  loih,  18G3. 

•  Kiihne,  Physiolog.  Chcinie,  1868,  pp.  175  and  06-3.     See  also  Kehrer,  Archiv  f. 
Gynaccolugie,  Band  ii,  1871,  p.  1. 
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from  its  solution  by  exact  neutralization,  is  easily  soluble  in  dilute  acids  and 
alkalies,  and  in  solutions  of  the  alkaline  carbonates,  but  it  is  quite  insoluble 
in  solutions  of  common  salt,  and  the  chlorides  of  ammonium  and  calcium. 
It  docs  not  decompose  pen>xide  of  hydrogen.  The  acid  solutions  of  syutonia 
do  not  coagulate  at  a  boiling  temperature. 

54.  Derivatives  of  Albumen. — In  close  relationship  with  the  albu- 
minous compounds,  stand  a  series  of  substances  into  which  albumen  is  either 
converted  in  the  act  of  digestion,  as  peptone,  or  which  may  be  obtained  from 
various  secretions  and  tissues,  as  ptyalin,  pepsin,  and  pancreatin,  which 
constitute  the  organic  bases  of  the  salivary,  gastric,  and  pancreatic  fluids, 
respectively;  mucin,  contained  in  mucus;  spermatin,  from  the  spermatic 
fluid ;  elastin,  keratin,  coUogen,  cerebrin,  and  chondrin,  which  are  severally 
found  in  elastic,  horny,  and  connective  tissue,  in  the  nervous  tissue,  and  iu 
cartilage.  These  are  all  azotized.  Most  of  them  contain  sulphur  and,  like 
albumen,  have  a  great  tendency  to  imbibe  water  and  swell  up.  They  have 
but  little  disposition  to  undergo  putrefaction. 

Ptyalin  is  obtained  by  acidulating  saliva  with  phosphoric  acid,  and  pre- 
cipitating with  lime-water.  The  Ptyalin  falls  with  the  phosphate  of  lime, 
from  whence  it  may  be  extracted  by  distilled  water.  It  contains  nitrogen, 
and  is  thrown  down  from  its  watery  solution  by  alcohol,  but  its  reactions 
show  conclusively  that  it  is  not  identical  with  albumen.  Great  interest  is 
attacheil  to  it  in  consequence  of  its  remarkable  power  of  converting  starch 
into  sugar. 

Pei»sin  may  l)e  obtained  fn)m  the  gastric  juice,  in  a  pure  or  nearly  pure 
state,  by  a  method  suggested  by  v.  Wittich,*  which  consists  in  making  an 
extract  of  the  mucous  membrane  of  the  stoinach  with  glycerin,  after  co- 
agulating the  albuminous  compounds  with  alcohol.  Pepsin  is  a  grayish- 
white,  amorphous,  nitrogenous  substance,  which  is  not  hygrometric,  and  is 
incapable  of  assuming  the  crystalline  form.  It  dissolves  with  difficulty  in 
water,  but  more  easily  in  dilute  acids,  and  then  j)ossesses  powerful  digestive 
proi)erties.  It  is  a  colloid,  i.  e.,  is  non-iliffusible  per  «c,'  but  its  acid  solution 
readily  <liffuses.'  It  is  precipitated  by  platinum  chloride,  and  by  the  neu- 
tral and  basic  acetates  of  lead,  but  not  by  conceutrate<l  nitric  acid,  iodine, 
tannic  acid,  or  bichloride  of  mercury.  The  pepsin  of  the  shops  is  very 
impure,  containing,  with  some  pe[)siu,  much  peptone  and  starch ;  yet  its 
activity  i^i  considerable.  Pepsin  acts  energetically  when  combined  with 
from  0.1  to  7  per  cent,  of  hydrochloric  or  sulphuric  acid;  with  0.2  to  12 
per  cent,  of  ordinary  phosphoric  acid  ;  with  0.1  to  5  per  cent,  of  nitric  acid; 
and  with  from  1  to  T)  |>er  cent,  of  acetic,  lactic,  and  oxalic  acids.  In  order 
that  its  solvent  j)owers  should  be  exerted,  it  is  imperatively  necessary  that 
it  should  possicss  an  acid  reaction  ;  the  neutralization  of  its  normal  acidity 
with  sodium  carbonate  having  been  shown  by  Bernard  to  effect  the  imme- 
diate arrest  of  the  digestive  process.  An  exceedingly  small  quantity  of 
pepMU,  in  the  first  instance,  will  suffice  to  dissolve  a  very  considerable  amount 
of  fibrin,  [>roviding  fresh  additions  of  diluted  acid  be  constantly  made;  the 
pepsin  appearing  to  deterniine  the  solution  of  the  albuminoid  substance  in 
the  acid.  The  temi)erature  most  favorable  for  the  performance  of  artificial 
digestion  is  between  95^  and  112^  F.  A  boiling  temperature,  and  even 
one  not  exceeding  140^  F.,  deprives  pe{)sin  of  its  |)eculiar  pmperties;  and 
scarcely  any  digestion  occurs  at  a  temperature  of  40^  F. 

Gelatin  or  Collagen. — This  substance  is  not  an  original  constituent 


»  Pfliiiror'ss  Archiv,  Bjind  v,  1873. 

»  Wolrt'hUirH,  Pfliiuor's  Archiv,  1878,  Band  vii,  p.  188. 

»  See  V.  Wittich,  Pfluger's  Archiv,  1872,  Band  v,  p.  485. 
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of  the  body,  but  may  be  obtained  by  boiling  connective  tissue,  articular 
fihro-cartilage,  or  bone,  with  water.  The  solution  gelatinizes  on  cooling, 
even  when  the  gelatin  is  only  present  in  the  proportion  of  1  per  cent.  It  is 
precipitated  by  alcohol  and  ether,  but  not  by  acids,  with  the  exception  of 
tannic  acid,  which  constitutes  its  most  delicate  test.  It  is  also  precipitated 
by  chlorine  water  and  corrosive  sublimate,  but  not  by  other  salts  of  mer- 
cury, nor  by  those  of  silver,  copper,  lead,  or  alum,  nor  by  potassium  ferro 
or  ferricyanide.  Its  percentage  constitution  when  procured  from  tendon  is 
C  50.9,  H  7.2,  N  18.3,  O  .23,  and  S  .56.  When  acted  on  by  oxidizing 
agents,  it  furnishes  the  same  products  of  disintegration  as  the  albuminated 
compounds,  and  with  sulphuric  acids  and  alkalies,  it  yields  Leucin  and 
Glycin. 

Elastic  is  the  basis  of  elastic  tissue,  and  may  be  obtained  from  it  bv 
boiling  it  successively  with  alcohol,  ether,  water,  concentrated  acetic  acifl, 
diluted  alkaline  lye,  and  hydrochloric  acid.  When  the  residue  is  thoroughly 
washed  it  forms  a  yellowish  fibrous  mass  still  possessing  great  elasticity, 
which  dissolves  only  in  concentrated  alkalies.  When  heated  on  platinum, 
it  bums  away  without  leaving  any  residue.  It  diflfers  from  albumen  in 
being  destitute  of  sulphur.  The  composition  of  a  (>ortion  taken  from  the 
ligamentum  nuchse,  as  given  by  W.  Miiller,  is  C  55.72,  H  7.67,  N  15.71, 
O  20.7. 

Chondrin  is  obtained  by  boiling  cartilage  or  the  cornea  of  the  eye  with 
water,  and  appears  to  be  a  modification  of  gelatin,  from  which  it  difl^ers  in 
being  precipitated  by  acetic  acid,  diluted  mineral  acids,  and  the  salts  of 
alum,  iron,  lead,  silver,  and  copper;  whilst  its  solutions  are  only  rendered 
slightly  turbid  by  tannic  acid.  When  boiled  with  sulphuric  acid  it  yields 
DO  glycio,  but  only  leucin.  It  is  not  as  yet  accumtely  ascertained  whether 
gelatin  and  chondrin  pre-exist  in  the  tissues  from  which  they  are  obtained, 
or  are  produced  in  the  act  of  boiling,  for  on  the  one  hand  they  cannot  be 
obtained  by  maceration  in  cold  water,  whilst  on  the  other  the  action  of 
taDDic  acid  on  the  tissues  seems  to  be  of  the  same  nature  as  on  the  solu- 
tion; and  when  exerted  upon  the  connective  tissues  of  the  skin,  effects  its 
conversion  into  leather.  Its  percentage  composition  is  C  49.9,  H  6.6, 
O  28.6,  S  0.4. 

Keratin  constitutes  the  basis  of  the  various  horny  tissues,  as  epithelium, 
epidermis,  nails,  hoofs,  claws,  horn,  wool,  hair,  and  feathers.  It  is  char- 
acterized by  swelling  and  becoming  soft  in  boiling  water,  though  it  neither 
dissolves  in  this  fluid,  unless  the  temperature  is  much  raised  by  pressure, 
nor  in  ether  or  alcohol.  With  the  exfception  of  hair  the  tissues  in  which  it 
is  contained  are  soluble  in  acetic  acid  and  in  alkalies.  It  is  colored  yellow 
by  nitric  acid,  and  under  the  action  of  sulphuric  acid  develops  much  leucin 
and  tyrosin.  The  horny  tissues  in  their  early  state  are  all  composed  of  soft 
cells,  which  subsequently  become  modified  in  form,  and  much  firmer  in  con- 
sistence. They  contain  C,  H,  N,  0,and  S  in  proportions  that,  whilst  closely 
similar  to  those  of  the  albuminous  compounds  from  which  they  are  derived, 
have  not  yet  been  accurately  determined. 

Mucin. — A  substance  possessing  in  a  high  degree  the  power  of  absorbing 
water,  and  swelling  up  to  a  gelatinous  and  sticky  mass  of  semifluid  consis- 
tence. No  precipitate  or  coagulation  occurs  in  mucin  at  a  boiling  heat,  nor 
is  any  produced  by  acetic  acid,  the  mineral  acids,  or  potassium  ferrocyanide. 
It  occurs  in  the  body  in  the  mucous  fluids,  and  may  be  obtained  by  boiling 
water  from  the  foetal  connective  tissue.  It  is  contained  in  the  fluid  of  Ranula. 
It  diflers  from  albumen  in  being  free  from  sulphur,  and  in  containing  a 
smaller  amount  of  carbon  and  nitrogen. 

Pyix  presents  features  closely  analogous  to  those  of  mucin,  except  that 
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it  is  precipitated  by  corrosive  sublimate  and  by  neutral  acetate  of  lead.  On 
boiling  with  sulphuric  acid,  it  yields  leucin  and  tyrosin. 

Elastin  is  characterized  by  its  stability  and  insolubility.  It  yields  do 
gelatin  even  on  protracted  boiling  in  water,  and  is  not  acted  on  by  acetic 
acid.  It  is,  however,  dissolved  by  boiling  alkalies  and  by  sulphuric  acid  at 
ordinary  temperature,  which  at  last  decomposes  it,  giving  rise  to  leucin. 
Nitric  acid  gradually  dissolves  it  with  the  xantho-proteinic  reaction.  It  is 
obtained  in  an  almost  pure  stat«  from  the  ligamentum  uuchse,  but  is  gener- 
ally associated  with  much  connective  tissue. 

Globulin  or  Crystallin  is  obtained  from  the  crystalline  lens.  It  dis- 
solves in  acetic  acid,  but  it  is  precipitated  by  exact  neutralization  with 
ammonia,  and  vice  versd,  it  is  dissolved  by  ammonia,  but  is  precipitated  by 
exact  neutralization  with  acetic  acid.  It  is  completely  precipitated  from  its 
solutions  by  carbonic  acid. 

H-=EMO(5LOBiN,  H.EMATOCRYSTALLiN,  a  coloHng  substance  closely  allied 
to  the  albuminous  compounds  will  be  fully  described  in  the  chapter  on  the 

blo(Hl. 

NucLEix  has  been  obtained  by  Miescher  from  the  nuclei  of  lymph-cor- 
puscles It  is  soluble  in  alkalies  and  in  alkaline  bicarbonates,  and  is  pre- 
cipitated ap:ain  by  acids. 

Cerebrix,  C,7H.„N0g,  is  a  white  jK)wder  which  can  be  obtained  from  the 
nervous  and  some  other  tissues ;  it  is  soluble  in  warm  ether  and  alcohol,  but 
in.soluble  in  water  and  in  ammonia.  It  swells  up  remarkably  in  cold  water. 
When  boiled  with  acids  it  yields  a  kind  of  sugar,  and  is,  therefore,  a  gly- 
coside.* 

Peitoxe,  Metapeptone. — These  terms  are  applieil  to  the  substances 
resulting  from  the  action  of  gastric  juice  on  the  various  albuminous  com- 
pounds, which  they  resemble  in  some  points  hut  differ  from  in  others.  They 
arc  yellowish-white,  amorphous,  and  hydroscopic  bodies,  soluble  in  water, 
not  precipitated  by  heat  nor  by  potassium  ferrocyanide.  They  are  precipi- 
tated by  tannic  acid,  iodide  of  mercury-potassium,  nitrate  of  silver,  corrosive 
sublimate,  and,  when  added  in  large  excess,  by  ah^ohol.  They  rotate  the 
plane  of  polarized  light  to  the  left.  They  are  crystalloids,  diffusing  easily 
through  animal  and  vegetable  membranes.  Peptone-like  bodies  are  pro- 
duced by  the  action  of  ozone  and  of  protnicted  boiling  in  water,  or  albumen. 

Lecithin  is  an  imperfectly  crystalline  body  resembling  wax,  easily  fusible 
and  soluble  in  hot  alcohol  and  ether,  and  forming  combinations  with  acids 
and  salts.  In  warm  water  it  swells  up  like  cerebrin.  It  is  very  unstable. 
After  protracted  boiling  with  alcohol,  and  more  easily  on  the  addition  of 

( OH 

acids  or  alkalies,  it  breaks  up  into  Xeurin  (Cholin)  =  C^H^  <  XiCH  ^  OH- 

palmitic  and  oleic  acids,  and  into  glycerin-phosphoric  acid.  Its  formula  is 
very  complicated,  being  thus  given  by  Frey : 


ro.c,  H,o 

(.„  JO.C,  H33O 
^3^5  K (OH 


[  O.  PO    -^  ^  CJI/CH,),  N.  OH 

Besides  being  a  constituent  of  the  nervous  system.  Lecithin  occurs  in  the 
volk  of  the  fowl's  egg,  in  the  blood-corpuscles,  bile,  semen,  and  pus ;  accord- 
ing to  Danilewsky*  it  is  generated  in  muscular  tissuas  during  tetanus. 

>  S.o  Diacnnow,  Ontnilblatt,  18G8,  p.  3      Strecker,  Zeitschrift  fur  Chemio,  1868, 
p.  437;  and  Frey,  HUtiKhomie,  1873,  p.  29. 
»  Central bhitt,  1872,  p.  433. 
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Protaoon,  which  Liebreich  and  Bayer'  regarded  as  a  constituent  of  nerve- 
tissue,  is  stated  by  Frey  to  be  a  mixture  of  Cerebrin  and  Lecithiu. 

[J.L.  W.Thudichum  says  that  nerve-matter  contains  an  abundance  of  water 
termed  **  water  of  colloidation."  He  says  there  are  three  groups  of  nerve- 
matter  in  the  brain :  phosphorized  bodies,  nitrogenized  bodies,  and  oxygen- 
ized bodies.  Phosphorize<l  bodies  contain  the  pliosphorus  in  the  shape  of 
phosphoric  acid,  proximately  combined  with  glycerin ;  and  they  may  be 
subdivided  as  follows:  kephalins,  which  have  a  free  affinity  for  oxygen; 
myelins,  which  have  none,  and  lecithins.  The  nitrogenized  bodies  imitate 
the  phosphorized,  but  in  a  lesser  degree,  and  are  cerebrin,  phrenosin,  and 
kerasin.  The  oxygenized  bodies  consist  mainly  of  alcohols.  Jour,  of  Physi- 
ology,'] 

Myelin. — ^The  term  Myelin  was  applied  by  Virchow*  to  the  substance 
which  constitutes  the  medullary  portion  of  the  nerves,  but  which  he,  Gobley, 
and  others,  also  obtained  from  the  blood  and  bile,  spleen,  thymus  gland,  the 
yolk  of  eggj  the  testes  and  spermatic  fluid  of  the  bull,  and  the  ovary  of  the 
calf.  It  IS  a  viscid  substance,  assuming  a  variety  of  forms,  that  present  the 
most  deceptive  resemblance  to  nerve-fibres.  It  is  easily  soluble  in  ether, 
chloroform,  turpentine,  and  hot  alcohol,  but  separates  from  the  latter  on 
cooling.  In  water  it  swells  up  like  sago.  It  is  only  slowly  decomposed  by 
acids  or  alkalies.  Beneke'  observing  that  myelin  gave  a  red  color  with 
sulphuric  acid  and  sugar  (Pettenkofer's  test)  regarded  it  as  the  glyceride  of 
cholic  acid,  and  considered  the  presence  of  cholesterin  to  be  a  necessary 
condition  of  its  production,  and  both  he  and  Neubauer^  obtained  forms  simi- 
lar to  myelin  from  an  emulsion  of  cholesterin  in  soap  and  water,  and  from 
a  mixture  of  oleine,  ammonia,  and  water,  and  it  seems  very  doubtful  whether 
it  can  be  regarded  as  a  true  chemical  compound  of  constant  composition. 

Amyloid  Substance. — A  peculiar  form  of  degeneration  sometimes  takes 
place  io  certain  tissues  and  glands,  known  as  waxy  degeneration,  in  which 
a  homogeneous  dull  gray  substance  is  deposited  differing  from  other  albu- 
minoid compounds  in  turning  of  a  bluish  violet,  or  mahogany  red  color, 
when  acted  upon  by  iodine.  In  some  instances  corpuscles  are  met  with  re- 
sembling starch-grains  in  presenting  concentric  striation.  These  laminated 
concretions  are  believed  by  Rindfieisch^  to  be  the  result  of  successive  de- 

Fio.  43. 


Myelin.  Leuciu. 

poitits  of  fibrin  in  cells,  or  on  hemorrhagic  deposits  or  other  normal  or  ab- 
normal elements  of  the  tissues. 

Lei'Cin,  C^HjjN^Oj,  or  Aniido-capronic  acid,  C^Oj/N^H)  0„  appears  in 
the  form  of  iridescent  scales,  which  arc  made  up  of  fine  microscopic  needle^?, 


»  Virchow'9  Archiv,  Band  xxxix,  1867,  p    183.  »  lb.,  Bund  vi,  p.  602. 

•  Studien  iib.  d.  Vorkom.  v.  Gull,  in  Thier.  u.  Pflanz,  1802. 

*  Ben^ke,  in  Archiv  f.  wisseusch.  Ileilkunde,  1865,  p.  375;  and  Neubauer  in  Vir- 
chow'fi  Archiv,  xxxvi,  p  303. 

»  Puthological  Histology,  Syd.  Soc.  Trans.,  1872,  p.  44. 
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but  oflen  also  in  the  form  of  spheroid  or  hemispheroidal  masses,  or  of  an 
aggregate  of  one  large  spheroid  with  several  smaller  ones  adherent  to  it. 
The  spheroids  either  present  a  concentric  lamination  or  are  destitute  of  this 
and  resemble  fat-cells.  It  is  destitute  of  taste  and  smell,  is  soluble  in  27 
parts  of  cold  water,  but  is  nearly  insoluble  in  cold  ether  or  alcohol.  Its 
aqueous  solution  is  ncfutraL  It  unites  both  with  acids  and  with  bases.  It 
is  largely  present  in  the  pancreas  and  pancreatic  juice,  and  is  also  found  in 
the  salivary  glands  and  saliva,  in  the  spleen,  kidneys,  and  suprarenal  bodies ; 
in  the  thymus,  thyroid,  and  lymphatic  glands,  in  the  fluids  of  the  lungs,  and 
in  pus,  and  occasionally  in  the  urine,  especially  in  cases  of  acute  atrophy  of 
the  liver.  It  is  either  absent  or  only  traces  of  it  can  be  found  in  the  healthy 
liver,  brain,  and  muscles.  It  is  in  all  probability  a  product  of  the  retro- 
gressive metamorphosis  of  gland  tissue.  It  has  been  artificially  obtained 
by  Kiihne  from  the  action  of  the  pancreatic  ferment  on  albumen.  Frerichs 
and  Stiideler  have  shown  it  to  be  probable  that  it  undergoes  decompoeition 
in  the  alimentary  canal,  into  ammonia,  and  the  volatile  fatty  acids. 

Tyrosin,  CjHjiNO,, — This  substance  is  likewise  an  amido-acid  and  forms 
delicate  white  silky  needles,  which  have  no  taste  or  smell,  are  soluble  with 

difficulty  in  cold  water,  and  are  insoluble  id  al- 
Fio.  45.  cohol  and   ether.     When   boiled  with   Millon's 

reagent,  the  solution  first  assumes  a  beautiful  red 
color,  and  then  quickly  throws  down  a  dark- 
brown  red  precipitate.  Tyrosin  is  said  to  be 
found  in  the  spleen  and  pancreas,  and  in  acute 
atrophy  of  the  liver  in  that  gland,  in  the  braio, 
and  in  the  urine;  but  it  is  probable,  from  Rad- 
ziejewsky's  researches,*  that  it  never  occurs  in 
any  organ  in  a  normal  condition,  with  the  single 
exception  of  the  contents  of  the  small  intestines, 
where  it  results  from  the  decomposition  of  albu- 
minous compounds  under  the  influence  of  the 
_    ^^  pancreatic  juice.     Heated  with  concentrated  sul- 

^j^^^^  phuric  acid  it  forms  Ty rosin-sulphuric  acid  to- 

Ty rosin.  gcthcr  with  Other  acids.     The  former  gives  a 

beautiful  violet  color,  with  iron  and  its  salts 
(Piria's  test).  Tyrosin,  like  Leucin,  is  to  be  regarded  as  a  product  of  the 
disintegration  of  the  albuminous  compounds. 

Kreatin,  C^H^NjO,  +  HjO, — This  substance  is  a  constant  constituent 
of  muscular  tissue,  both  of  the  striped  and  smooth  variety,  in  the  propor- 
tion of  from  2  to  4  parts  in  1000;  and  is  found  in  the  blood,  brain,  urine, 
and  amniotic  fluids  It  crystallizes  in  oblique  rhombic  prisms,  which  are 
soluble  in  hot  water,  but  are  deposited  again  on  cooling.  It  dissolves  with 
difficulty  in  alcohol,  and  is  insoluble  in  ether.  It  is  prepared  by  exact  pre- 
cipitation of  the  phosphates  in  the  juice  of  meat  with  acetate  of  lead;  sepa- 
ration of  the  lead  by  means  of  sulphuretted  hydrogen  and  careful  evapora- 
tion. On  boiling  it  with  barj'ta  water,  it  i.s  converted  into  sarkosin — a 
substance  closely  related  to  the  glycin  of  the  bile — and  urea,  which  imme- 
diately splits  up  into  ammonia  and  carbonic  acid.  When  heated  with  acids, 
or  even  after  long  exposure  to  the  action  of  hot  water,  it  loses  two  atoms  of 
water  and  becomes  converted  into  kreatinin.  Under  other  circumstances, 
iuirtead  of  producing  sarkosin  and  urea,  it  may  decompose  into  oxalic  acid 
and  a  substance  termed  methyl-uramin,  which  stands  in  close  connection 
with  guanin,  xanthin,  hypoxanthin,  and  uric  acid;  all  of  which  relations 

»  Virchow's  Archiv,  1866,  May. 
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are  full  of  interest,  in  reference  to  the  successive  stages  or  plans  of  disin- 
tegration sufiered  by  the  albuminous  compounds  in  their  passage  through 


Fio.  46. 


Kreatin. 


the  body,  since  nearly  all  of  them  are  found  in  one  or  other  of  the  several 
fluids  or  tissues. 

Kreatinin,  C^HyN,0,  is  usually  associated  with  kreatin,  and  conse- 
quently occurs  in  muscular  and  ner- 
vous tissue,  and  in  the  blood  and  fig.47. 
urine,  but  is  not  found  in  the  gland- 
ular textures.  Nawrocki/  how- 
ever, believes  his  experiments  prove 
satisfactorily  that  kreatinin  is  not 
a  constituent  of  muscle,  and  that  no 
conversion  of  kreatin  into  kreati- 
nin occurs  during  exercise.  As 
just  shown,  it  may  be  obtained  from 
the  action  of  acids  on  kreatin.  It 
is  a  powerful  base,  and  crystallizes 
in  oblique  rhombic  prisms,  which  are 
soluble  in  water  and  in  boiling  al- 
cohol.                                                                                          Kreatinin. 

Lutein.— *-Th is  terra  has  been  ap- 
plied by  Dr.  TbudichuuiMo  a  yellow  substance  crystal lizable  in  rhombic 
plates,  which  can  be  obtained  from  various  parts  of  animals  and  plants.  It 
is  normally  present  in  the  vitellus  of  the  egg,  in  the  corpora  lutea  of  the 
ovary,  and  in  the  serum  of  blood,  the  cells  of  fat,  and  under  pathological 
conditions  in  ovarian  tumors  and  in  serous  effusions.  It  is  also  contained 
in  the  seeds,  roots,  leaves,  and  stamens  of  many  plants.  It  is  easily  soluble 
in  alcohol,  ether,  and  chloroform,  but  is  insoluble  in  water.  Its  spectrum 
presents  three  absorption  bands  in  the  blue,  indigo,  and  violet  portions  of 
the  spectrum.  It  crystallizes  and  exhibits  strong  attraction  both  for  fatty 
and  for  albuminous  substanc^es.  The  substance  termed  Hiematoidin  by 
Holer  and  Stiideler  is  Lutein;  but  the  Hajmatoidin  of  Valeutiner,  Robin, 
Ruhe,  and  Mercier  is  Bilirubin  or  Cholophsein. 

Uric  Acid.  C^H^N^O,. — When  perfectly  pure,  uric  acid  appears  in  the 
form  of  colorless,  microscopic,  rhombic  crystals,  occasionally  in  six-sided 
plates,  and  sometimes  in  rectangular  four-sided  prisms;  but  as  they  are  usually 
seen  in  the  urinary  deposit  of  rheumatic  patients,  the  angles  of  the  rhombic 
plates  are  rounded  oil'  and  stained,  more  or  less  deeply,  by  the  coloring 
Diatters  of  the  urine.  It  is  nearly  insoluble  in  water,  and  completely  so  in 
alcohol  and  ether.     It  is  dissolved  by  concentrated  sulphuric  acid,  and  can 


>  Freseniu8,  Zeits.  f.  Analyt.  Cheniie,  Band  iv,  2. 
«  Centralblatt,  1869,  p.  1. 
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be  p  red  pita  ted  unaltered  on  tlie  additioD  of  water.  Od  subjortin*  'f  to  a 
high  temperature,  it  decomposes  eud  yields  urea  aud  cyaounc  afid:  mUi 
oxidizing  agents,  m  o^otie  uud  peroxide  of  lead,  it  gives  allrtJitoiti^  urea, 
oKalic  and  tmrbonic  arid:?.  When  act«l  on  by  nitric  acid,  and  evaporated 
to  dryiie?^*,  tbe  residue  slightly  moistened  with  ammonia,  as!<uma^  a  beauti- 
ful purple  tint  from  the  Ibrmiitiou  of  murexide.  Uric  aeid  w  found  m  the 
urine,  the  blood,  the  juice  of  tiesb,  and  in  glandular  structurej?,  in  all  of 
\vhii4i  it  probably  exisiit^  in  tbe  condition  of  urate  of  soda.  It  pro<?etKU 
from  the  ueconiiwsition  of  the  albuminous  compounds,  and  contains  33  per 
cent,  of  oitrogeu.     The  proportion  of  N  to  G  m  as  1  ;  2i, 


Fjo.  is. 
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HiPPiTRic  Acid,  C»H,N0„  is  one  of  the  constituents  of  httman   uritie, 
though,  like  the  la^t-named  acid,  it  exift^  only  in  small  quantity .     It  is 
always  more  abundant  in  the  uHne  of  the  herbivorous*  than  in  that  of  car- 
nivorous animals.     It  may  be  obtained  from  the  urine  of  the  cow  or  hotise 
by  simple  addition  of  hydrochloric  add,  when  it  crystallizes,  out ;  by  re-  h 
solution  and  iillration  through  animal  charcoal,  it  appears  in  the  form  of  H 
beautifub  tranj^^parent,  color le.^s,  four-sided    prisms,  which    belong   to   the  ~ 
rbomhie  system.     They  are  soluble  with  difficulty  in  cold  water  and  in  ether, 
hut  more  easily  in  hot  water  and  in  alcohoL     Wbcn  benzoic  acid  i^  ingei^teti, 
it  in  eliminated  from  the  UjKly  as  bippuric  acid^a  change  that  probably 
takes  place  at  the  liver,  sinc^  benzoic  forms  hippuric  acid  by  taking  up 
glycin  and  giving  off  ten  equivalents  of  water,  and  it  is  remarkable  that  all 
the  herbivora  secrete  bile  which  is  rich  in  glycin.     Hippurie  acid  also  ap- 
pears in  the  urine  after  the  ingestion  of  bitter-almond  oib  cinnarnic  acid,  J 
chinic  acid,  and  toluol  into  the  stomach.     Meii^^ner  and  Shephard*  have  fl 
shown  that  th«  hippurie  acid  of  the  herbivora  is  directly  dependent  on  the  ™ 
nature  of  the  alinient,  since  on  feeding  them  with  non-albumiiiouB  com- 
pounds—fat, sugar,  and  starch — they  ceased  to  pass  this  acid  in  the  urine, 
whiUt  it  reappeared  when  they  were  fed  on  hay,  straw,  or  clover.     They  be* 
Heve  thij*  to  he  due  to  the  presence  in  the  latter  of  a  Ixtdy  belonging  to  the 
benzole  atomic  group^,  and  by  a  process  of  exclusion,  that  it  was  the  thick- 
ened arul  iniiltriiteil  ce]bwa[is  of  the  epidermis  cells  which  furni.'^hfd  the 
primary  substance   that  by  conversion  yielded  the  acid,     Thudicbum*  has 
recently  described  another  acid,  the  Kryptophanic,  to  the  presence  of  which 
he  attributes  the  normal   acid  reaction  of  the  urine.     It  is  amorphous,  re- 
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sembling  gum  arable  when  dried,  soluble  in  water,  less  in  alcohol,  and  still 
less  in  ether.  It  gives  a  precipitate  with  many  metallic  salts.  It  forms  the 
chief  mass  of  the  so-called  Extractive  of  the  urine,  and  its  reactions  ex- 
plain the  statements  that  have  been  made  in  regard  to  the  presence  of  sugar 
m  the  urine.  It  is  quadriba^ic,  and  has  a  composition  represented  by  the 
formula  CnjHjgNjOjj^ 

Allantoin,  C^HjN^Oj. — As  its  name  implies,  this  substance  is  found  in 
the  allantoic  fluid  of  the  cow,  but  it  also  appears  in  the  acid  urine  of  foetal 


Fio.  60. 
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and  sucking  animals — that  is,  during  the  period  of  life  when  the  herbivora 
are  subsisting  on  animal  food.  It  has  also  been  found  in  human  urine  after 
the  free  use  of  tannic  acid.  It  forms  transparent  prismatic  crystals,  soluble 
with  difficulty  in  cold,  but  more  easily  in  hot  water  and  in  boiling  alcohol. 
It  is  insoluble  in  ether.  It  is  closelv  allied  to  uric  acid  and  to  urea — in  fact, 
under  the  influence  of  yeast  it  breaks  up  into  urea  and  salts  of  ammonia — 
and  is  consequently  one  of  the  terminal  products  of  the  disintegration  of 
albumen.  It  is  not  precipitated  by  corrosive  sublimate  nor  by  the  salts  of 
lead.  It  has  been  found  in  the  urine  of  dogs  suffering  from  diseases  of  the 
lungs,  apparently  in  consequence  of  the  deficient  supply  of  oxygen  imped- 
ing the  formation  of  the  uric  acid  ordinarily  present. 

Cystin,  C^^NO^Sj.  —  A  rare  constituent  of  the  urine  of  apparently 
healthy  persons,  and  of  renal  and  vesical  calculi.  It  is  normally  present  in 
the  kidneys  of  oxen.  It  forms  transparent,  colorless,  six-sided  plates  or 
tables,  insoluble  in  water  and  alcohol,  but  soluble  in  mineral  acids,  in  oxalic 
acid,  and  in  caustic  and  carbonated  alkalies.  It  is,  however,  precipitated 
by  ammonium  carbonate  from  its  acid,  and  by  acetic  acid  from  its  alkaline 
solutions.  Like  the  foregoing  substances,  it  is  in  all  nrobability  a  transition 
stage  of  the  decomposition  of  albumen  or  other  nearly  allied  sulphur-hold- 
ing compound.     Its  rarity  shows  that  it  is  the  result  of  a  morbid  process. 

Urea,  C^H^NjOj,  crystallizes  in  white  silky,  four-sided  prisms,  which 
frequently  present  oblique  or  dihedral  summits.  It  possesses  a  bitter  cool- 
ing taste,  like  saltpetre,  is  deliquescent,  and  very  soluble  in  water  and  alco- 
hc3,  but  somewhat  less  so  in  ether.  It  has  no  action  on  vegetable  colors. 
It  is  decomposed  at  212°  F.,  giving  off*  ammonia.  It  is  not  affected  by 
potassium  permanganate  or  ozone,  but  by  nitric  acid  it  is  decomposed  into 
water,  nitrogen,  and  carbonic  acid.  Strong  mineral  acids,  and  the  hydrates 
of  the  alkalies,  as  well  as  contact  with  albuminous  compounds  undergoing 
putrefaction,  effect  its  conversion  into  ammonium  carbonate.  It  unites  with 
nitric  and  oxalic  acids  to  form  salts.  It  is  isomeric  with  ammonium  cyanate, 
contains  46  per  cent,  of  nitrogen,  and  is  one  of  the  termiual  products  of  the 
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retrogressive  metamorphosis  of  the  albuminous  compounds  in  roan.     Its  ex- 
treme solubility, and  the  facility  with  which  as  a  "crystalloid"  it  permeates 


Fio.  52. 
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Hydrocblorate  of  guanin. 


animal  membranes,  permit  it  to  be  readily  discharged  by  the  urine,  of  which 
it  is  the  most  important  constituent. 

GuANix,  C5H5N5O. — An  amorphous,  yellowish-white  substance,  nearly 
insoluble  in  alcohol,  ether,  and  water;  easily  soluble  in  acids  and  alkalies. 
By  oxidation  with  potassium  permanganate,  guanin  is  converted  into  urea, 
oxalic  acid,  and  oxyguauin.  It  constitutes  the  greater  part  of  the  excre- 
ments of  spiders,  but  has  also  been  found  in  the  pancreas  and  liver,  and,  as 
its  name  import^:,  in  guano.  It  forms  crystalline  combinations  with  various 
acids,  one  of  which  is  represented  in  the  adjoining  woodcut,  and  also  with 
lime  and  soda. 

Hypoxanthix  (Sarkin),  CJl^^fi,  appears  in  the  form  of  colorless,  mi- 
croscopic, crystalline  granules,  of  no  recognizable  shape,  which  are  soluble 
in  300  parts  of  cold  and  76  of  hot  water,  and  readily  dissolve  in  acids  and 
alkalies.     By  nitric  acid  it  is  converted  into  xanthin.     It  has  been  found 


Fio.  54. 
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Nitrate  of  bypoxanthin. 


Hydrochlofate  of  hypoxantbin. 
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in  the  blood  and  urine,  especially  of  leukteniic  patients,  in  the  juice  of  flesh,  in 
the  liver,  spleen,  thymus,  thyroid,  kidney,  and  brain.  It  unites  with  acids  to 
form  salts,  which,  as  in  the  accompanying  woodcut,  form  well-defined  crystals. 
Xanthin,  CjH^N^O,. — This  substance,  which  was  first  found  in  certain 
rare  urinary  calculi,  is  amorphous,  and  presents  both  in  its  chemical  consti- 
tution and  in  the  places  where  it  is  found,  the  closest 
analogy  to  hypoxantbin.  It  is  soluble  in  1400  parts 
of  boiling  and  14,500  parts  of  cold  water.  It  is  solu- 
ble in  ammonia,  from  which  solution,  by  slow  evapor- 
ation, it  is  again  deposited  in  confused  crystalline 
JM«%  ■  ■  scales.  It  combines  with  acids,  and  then  presents 
ltei^?l\  ^"^  characteristic  crystalline  forms.  The  very  intimate 
^^3  V  connecticm  which  exists  between  the  three  last-men- 

HyUrocbiorate  of  xanthin.  tioned  substances  and  uric  acid,  CjH^N^O,,  is  deserving 
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of  especial  attentioD.  They  all  clearly  constitute  successive  steps  in  the 
downward  or  retrogressive  process  of  metamorphosis  of  the  albuminous  com- 
pounds. 

Animal  Quinoidine. — From  the  experiments  of  Dr.  Bence  Jones  and 
M.  A.  Dupr^Z  it  appears  there  exists  in  the  bodies  of  man  and  other  verte- 
brata  a  substance  which  can  be  extracted  from  any  of  the  tissues  by  the 
same  process  as  quinine,  when  that  alkaloid  has  been  ingested  and  absorbed. 
It  possesses  nearly  the  same  chemical  properties  as  quinine,  and  its  solutions 
give  the  well-known  fluorescence  characteristic  of  quinine. 

Cholic  acid,  Cj^H^oOj,  is  obtained  from  glycocholic  acid  by  the  action 
of  alkalies.  It  crystallizes  either  in  four-sided  prisms  with  dihedral  sum- 
mits, in  octahedra,  or  in  tetrahedra,  which  are  easily  soluble  in  alcohol,  but 
not  readily  in  water  or  ether.  On  boiling  with  acids  it  yields  dyslysin 
(C^Hj^Oj),  which  is  only  soluble  in 
ether.     Cholic  acid  has  a  pure  bitter  fio.67. 

taste,  and  when  treated  with  nitric  acid 
it  yields  acetic,  valerianic,  capronic, 
oxalic,  and  cholesterinic  acids. 

Taurin,  CjH^NOgS,  is  found  as  a 
constant  constituent  of  the  bile  in  com- 
bination with  cholic  acid.  It  has  also 
been  occasionally  discovered  in  the . 
blood  and  urine,  in  the  tissue  of  the 
kidney,  lungs,  and  of  the  striated  mus- 
cles. It  forms  large  tasteless  and  col- 
orless four-  or  six-sided  prisms,  with  Taurin. 
four-sided  pyramids  at  their  extremi- 
ties. It  dissolves  in  fifteen  parts  of  cold  water,  and  the  solution  is  neutral 
to  test-paper.  Taurin  is  decomposed  when  subjected  to  a  heat  greater  than 
464°  F. 

Glycin  (Ofycocol  or  Gum  Sugar),  Cfl^(l!^li^)0^,  is  chiefly  found  in 
combination  with  cholic  acid  in  the  bile,  but  it  also  occurs  combined  with 
benzoic  acid,  as  hippuric  acid,  in  the  blood  and  urine.  It  crystallizes  in 
large  colorless  rhombohedral  crystals,  which  melt  at  354°  F.,  are  easily 
soluble  in  water,  but  with  difficulty  in  alcohol.  The  solutions  are  acid  to 
te:«t-paper,  and  sweet  to  the  taste.  It  acU  both  as  a  base  to  acids,  and  as 
an  acid  to  alkalies.  It  originates  as  the  product  of  the  disintegration  of 
gelatin  and  of  albumen,  and  has  been  artificially  formed. 

Glyc(X'holic  and  Taurocholic  Acids,  C^H^NOg  and  CjgH^^NO^S. — 
When  to  a  solution  of  crystallized  ox-bile  neutral  acetate  of  lead  is  added, 
a  precipitate  of  glycocholic  acid  in  combination  with  the  oxide  of  lead  falls, 
and  when  this  has  been  removed  by  filtration,  the  addition  of  the  subacetate 
of  lead  to  the  mother  liquid  causes  the  precipitation  of  the  taurocholate  of 
the  same  metal.  The  amount  of  glycocholic  acid  contained  in  the  bile  of 
man  and  of  the  carnivora  is  small,  but  in  that  of  the  ox  it  is  abundant. 
Both  acids  rotate  the  plane  of  polarized  light  to  the  right.  Taurocholic 
acid  is  easily  soluble  in  water,  and  tastes  very  bitter.  Glycocholic  acid  dis- 
solves with  difl^culty.  Glycocholate  of  soda  crystallizes  in  acicular  radiating 
needles.  Taurocholate  of  soda  forms  resinous  drops.  Dr.  Dalton'^  observes 
that  the  biliary  acid  or  acids  of  the  human  subject  are  precipitated  by  both 
the  acetate  and  subacetate  of  lead.  Pettenkofer*s  test  for  bile  consists  in  the 
addition  of  a  little  cane  sugar,  and  then  of  a  drop  of  sulphuric  acid  to  the 

»  Proceedings  of  the  Royal  Society,  vol.  xv,  No   83,  p   73. 
«  Human  Physiology,  1867,  p.  167. 
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suspected  liquid,  when,  if  either  of  the  biliary  acids  be  present,  the  fluid 
assumes  a  bright  cherry  color,  which  gradually  deepens  to  purple.  Nothing 
is  accurately  known  respecting  the  origin  of  the  biliary  substances  just 
noticed;  part  is  probably  preformed  in  the  blood,  and  is  only  filtered  off  by 
the  liver,  but  part,  there  can  be  little  doubt,  is  forme<l  in  the  liver,  and  re- 
sults from  the  decomposition  of  albuminous  and  oleaginous  compounds. 

55.  Hydrocarbonaceous  Compounds.— The  non-azotized  or  hydrocar- 
bonaceous  organic  compounds  which  enter  into  the  composition  of  the  body 
may  be  divided  into  two  groups,  the  saccharine  and  the  oleaginous.  The 
principal  saccharine  substances  are  milk  and  grape  sugar,  inosite,  glycogen, 
and  the  acids  resulting  from  their  fermentation.  The  chief  oleaginous  com- 
pounds are  olein,  stearin,  palmitin,  and  cholesterin.  Both  the  oily  and  the 
saccharine  groups  are  of  great  importance  in  the  processes  of  nutrition  and 
development,  and  are  scarcely  ever  absent  either  in  the  food,  the  blood,  or  the 
tissues.  There  can  be  little  question  that  the  saccharine  compounds  con- 
tained in  the  body  are  partly  derived  from  the  farinaceous  and  saccharine, 
and  partly  from  the  decomposition  of  the  albuminous  compounds,  the  latter 
process  occurring  especially  in  the  liver.  That  a  great  part  of  the  saccharine 
and  amyloid  compounds  is  derived  directly  from  the  food  is  clearly  shown 
by  the  following  experiment  of  M.  Beraard.*  The  muscular  tissue  of  a 
fasting  horse  was  found  on  careful  examination  to  be  perfectly  free  from 
amyloid  substances ;  but  in  the  muscles  of  the  same  animal,  a  few  hours 
after  a  full  meal,  clear  evidence  of  their  presence  was  obtained.  It  seems 
to  be  well  established  that  compounds  presenting  a  close  analogy  to  sugar 
may  be  obtained  by  the  metamorphosis  of  oleaginous,  as  well  as  of  albuminous 
substances  within  the  body,  of  which  we  have  examples  in  their  continued  for- 
mation in  the  liver,  when  completely  absent  in  the  food,  and  even  during  the 
last  stages  of  inanition,  and  in  their  presence  and  gradual  increase  in  the  egg 
during  incubation.  The  small  quantity  of  sugar  naturally  present  in  the 
blood  aids  in  retaining  the  carbonate  and  phosphate  of  lime  in  solution,  and, 
according  to  Hoppe,^  assists  that  metamorphosis  by  which  fat  is  generated 
from  the  albuminous  compouuds.  Most  of  the  saccharine  compounds  are 
soluble  in  water  and  alcohol,  rotate  the  plane  of  polarized  light  to  the  right, 
can  be  obtained  in  crystals,  lose  their  water  of  crystallization  at  a  tempera- 
ture of  212^,  at  a  little  higher  temperature  are  converted  into  a  blackish 
substance  termed  caramel,  and  at  a  red  heat  are  completely  decom|)osed 
into  carbonic  oxide,  carbonic  acid,  carburetted  hydrogen,  acetic  acid, 
acetone,  and  other  products.  With  oxide  of  lead  and  some  other  bases  they 
play  the  part  of  an  acid  ;  on  fermentation,  they  either  yield  alcohol  and  car- 
bonic acid,  or  lactic,  butyric,  and  formic  acids. 

Grape  J^ugar,  C^H^fi^  +  Hfi,  crystallizes  in  warty  masses  which  are 
found  under  the  microsc()i)e  to  consist  of  rhombic  tablets.  It  is  capable  of 
fermentation,  and  is  especially  characterized  by  its  power  of  reducing  all 
easily  reducible  metallic  oxides,  as  those  of  copper,  bismuth,  tungsten,  and 
molybdenum  in  alkaline  solutions.  It  occurs  naturally  in  the  alimentary 
canal  as  the  product  of  the  conversion  of  starch  into  sugar  through  the  action 
of  the  salivary,  pancreatic,  and  intestinal  juices,  and  from  thence  by  absorp- 
tion it  gains  entrance  into  the  chyle  and  blood.  It  exists  in  small  quantities 
in  the  egg  of  the  bird,  in  the  amniotic  and  allantoic  fluids  of  the  herbivora, 
and  occasionally  in  the  urine  of  man.  It  is  the  chief  or  only  saccharine  con- 
stituent of  the  urine  in  diabetes,  and  it  may  also  be  made  to  appear  in  the 
urine  by  injury  of  the  medulla  oblongata. 


>  Lemons,  1859,  vol.  ii,  p.  112.  »  Archiv  f.  Path   Anat.  x,  p.  140. 
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Milk  Suoar,  Ci,H„0„  +  H,0,  exists  in  the  proportion  of  from  3  to  5  or 
6  per  cent,  in  the  milk  of  various  animals.  It  is  feebly  saccharine  to  the 
taste,  and  is  gritty  to  the  teeth.  Like  grape  sugar  it  reduces  the  salts  of 
copper  in  an  alkaline  solution,  and  rotates  the  plane  of  polarization  to  the 
right. 

Glycogen,  CJI^fi^  (Liver  sugar), — This  remarkable  substance  was  first 
obtained  by  C.  Bernard  by  immersing  the  livers  of  various  animals,  within 
a  few  seconds  of  their  death,  in  hot  water,  to  coagulate  the  albumen,  then 
bruising  the  mass  in  a  mortar  and  filtering  the  liquid  through  animal  char- 
coal. On  the  addition  of  alcohol  or  of  glacial  acetic  acid,  the  glycogen  is 
precipitated  as  a  white  and  tasteless  amorphous  material  soluble  in  water, 
but  incapable  of  effecting  the  reduction  of  the  salts  of  copper.  Briicke'  has 
lately  recommended  the  double  iodide  of  mercury  and  potassium  as  the  best 
means  of  completely  precipitating  pure  glycogen.  The  solution  is  prepared 
by  precipitating  solution  of  corrosive  sublimate  with  potassium  iodide,  wash- 
ing the  precipitate  and  dissolving  it  in  hot  solution  of  potassium  iodide  till 
the  latter  is  saturated  with  it.  Pure  glycogen  is  obtained  by  first  placing  the 
liver  in  boiling  water,  then  bruising  it  in  a  mortar,  returning  it  to  the  same 
water,  and  boiling  it  for  a  few  minutes ;  filtering  and  rapidly  cooling  the 
solution  with  ice  or  a  refrigerator.  Hydrochloric  acid  and  the  mercurial 
solution  are  then  alternately  added  as  long  as  any  precipitate  falls,  the  fluid 
is  filtered  and  spirit  of  wine  added  to  the  filtrate  till  an  abundant  precipitate 
of  glycogen  takes  place.  This  is  washed  with  weak  alcohol  and  finally  purified 
with  ether.  Glycogen  thus  obtained  is  free  from  nitrogen  and  leaves  no  ash 
when  bunit.  It  is  colored  red  with  iodine,  not  brown.  It  rotates  the  plane 
of  polarization  to  the  right.  Glycogen  was  found  by  Briicke  to  be  constantly 
present  in  the  muscles,  but  only  very  small  traces  of  a  substance,  the  identity 
of  which  with  glycogen  was  somewhat  doubtful,  could  be  obtained  from  the 
blood,  spleen,  kidney?,  or  secreting  mammary  gland,  so  that  it  could  not  be 
admitteil  that  it  was  stored  up  in  the  body  as  a  preliminary  stage  of  the 
formation  of  milk  sugar. 

All  muscles  yield  sugar,  part  of  which  appears  to  present  identity  of 
composition  with  grape  aud  liver  sugar,  whilst  part  possesses  distinctive 
characters,  and  has  received  the  name  of  luosite.  Weiss ^  found  that  mus- 
cular activity  was  associated  with  a  marked  decrease  in  the  percentage  of 
glycogen  in  the  case  of  frogs,  amounting  to  a  quarter  of  the  total  normal 
quantity.  The  heart,  however,  in  spite  of  its  constant  activity,  contains 
(in  the  dog)  two-thirds  as  much  glycogen  as  ordinary  muscular  flesh. 

Inosite,  CgH,20g-h2H30,  is  a  kind  of  sugar  which  has  been  found  in  the 
expressed  muscle-juice  of  the  heart;  in  the  pancreas  aud  thymus  glands;  in 
the  lungs,  kidneys,  liver,  and  spleen  ;'*  in  the  brain  (Miiller)  and  suprarenal 
capsules  of  the  ox.  In  disease,  as  in  diabetes  aud  Bright's  disease,  it  oc- 
curs in  the  urine.  It  is  identical  with  the  Phaseomannite  found  in  beans, 
and  is  found  elsewhere  in  the  vegetable  kingdom.  It  crystallizes  in  long 
rhombohedra,  which  are  at  first  transparent  but  subsequently  become  opaque. 
It  possesses  a  feebly  saccharine  taste,  and  has  no  power  of  rotating  the 
plane  of  polarized  light,  nor  does  it,  like  some  other  kinds  of  sugar,  reduce 
the  salts  of  bismuth,  copper,  or  silver  in  an  alkaline  solution.  A  good  test 
for  it,  suggested  by  Scherer,  consists  in  heating  to  dryness  the  supposed  mass 
with  a  little  nitric  acid  in  a  porcelain  dish,  theu  moistening  it  with  chloride 
of  calcium,  and  again  evaporating  it,  when  a  rose-red  mass  remains.  It  does 
not  undergo  alcoholic  fermentation,  but  when  in  contact  with  decomposing 
albuminous  bodies  it  yields  lactic  and  butyric  acids. 

»  Wien.  Akad.  Ber  ,  Band  Ixiii,  Feb.  1873.      »  VVien.  Akad.  Ber.,  Band  Ixiv,  ii. 
*  Cloetta,  Vierteljahr.  dcr  nat.  for  Gesells.  in  Zurich,  Band  i,  p.  205. 
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Lactic  Acid,  CjHgOj,  is  a  compound  of  considerable  chemical  and 
physiological  interest,  for  it  is  related  not  only  to  the  saccharine,  but  also 
to  the  oleaginous  and  albuminous  groups.  It  may  be  obtained  from  the 
fermentation  of  milk  sugar,  in  the  form  of  a  colorless  syrupy  fluid,  of  pure 
acid  taste,  but  free  from  smell,  which  dissolves  in  all  proportions  in  alcohol, 
ether,  and  water.  It  also  crystallizes  in  the  form  of  brushes  of  very  fine 
needles.  It  is  not  volatile,  and  can  therefore  displace  some  of  the  stronger 
mineral  acids,  as  the  hydrochloric,  at  a  high  temperature;  when  still  more 
strongly  heated,  however,  it  yields  lactide,  carbonic  acid,  and  carbonic  oxide 
gases.  It  is  connected  with  the  albuminous  compounds,  of  which  it  may 
be  regarded  as  a  product  of  the  regressive  metamorphosis,  through  alanio, 
which  is  isomeric  with  sarcosin,  a  derivative  of  kreatin.  To  the  oleagi- 
nous compounds  it  is  related  by  the  similarity  of  its  composition  to  propi- 
onic acid,  which  is  a  product  of  the  oxidation  of  oleic  acid,  and  it  is  thus 
associated  with  formic  and  butyric  acids.  Proceeding  from  one  or  other  of 
these  sources,  it  is  found  widely  distributed  through  the  tissues  of  the  body, 
and  is  of  almost  constant  occurrence  in  the  various  parenchymatous  juices, 
especially  in  that  of  muscle,  the  proportion  present  being  considerably  in- 
creased after  exercise.  It  appears  to  be  rapidly  decomposed  in  the  blood 
(carbonic  acid  being  lefl  in  combination  with  the  bases),  since  a  few  minutes 
after  the  introduction  of  considerable  quantities 
Fig.  58.  of  the  alkaline  lactates  into  the  stomach  the  urine 

r*V  ^fc^        is  found  to  be  alkaline  from  the  presence  of  their 

'^l  \\    BBS  Succinic  Acid,  C^H^O^. — A  very  stable  or- 

r^^   ^^^f      MSn      ^"^^  *^^^»  crj'stallizing  in  rhombic  prisms  and 

L     \.i^^^   IhI      rhombohedric  plates ;  it  is  tasteless,  and  dissolves 

^^V     xji  _Q^p  ^Br      easily  in  water.     It  occurs  in  the  parenchymatous 

X^^n^  juices  of  the  spleen,  thymus,  and  thyroid  glands, 

jf^^^jOfelC^^        of  the  ox,  in  the  urine  of  the  herbivora,  in  the 

^f3^^S^?£^^fc^^     contents  of  cysts  containing  echinococci,  in  man, 

^        ■  f^^^^     in  the   fluid  of  hydrocele,  and   in   considerable 

Succinic  acid.  quantity  in  the  blood  of  the  rabbit,  goat,  ox,  and 

horse.     It  appears  to  belong  to  a  series  of  acids 

obtained  by  the  action  of  powerful  oxidizing  agents  on  fats,  and  is  one  of 

the  terminal  products  of  their  disintegration.     It  can  be  obtained  from  the 

oxidation  of  butyric  acid,  malic  acid,  and  asparagin,  to  the  use  of  which 

last  substance  its  occurrence  in  the  urine  is  probably  usually  due. 

Oxalic  Acid,  CP/OHj),  is  frequently  found  in  urine  after  the  use  of 
certain  kinds  of  vegetable  food.  In  combination  with  lime,  it  constitutes  a 
formidable  variety  of  calculus.  It  is  a  constantly-occurring  product  of  the 
oxidation  of  organic  bodies,  and  stands  in  close  relation  with  uric  acid. 

56.  Oleaginous  Compoi:nds. — The  animal  fats  are  glycerides,  t.  e.,  com- 
pound ethers  of  the  trivalent  alcohol  glycerin,  and  the  fatty  acids.  Those 
usually  present  are  tripalmitin,  tristearin,  and  triolein,  which  are  repre- 
sented by  the  formula : 

Tristearin  (Tristearic  Acid  Glyceride),  *^*^t^^'^  \  ^» 

Tripalmitin  (Tripalmitinic  Acid  Glyceride),    f^'-^J^^*^'^  [  O, 
Triolein  (Trioleinic  Acid  Glyceride),  (C,^J^O,)  |  q^ 

These  are  associated  in  human  fat  in  the  proportion  of  about  three-fourths  of 
stearin  and  palmitin  and  one-fourth  of  olein.     The  substance  formerly  called 
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margarin  is  a  mixture  of  tripalmitin  and  tristearin.  A  separation  of  these 
proximate  principles  within  the  cells  may  occasionally  be  observed  at  low 
temperatures ;  the  more  solid  fats,  tripalmitin  and  tristearin,  appearing  as 
a  minute  Stella  of  crystalline  form,  surrounded  by  the  still  fluid  triolein. 
The  mean  percentage  composition  of  human  fat  is  C  76.62,  H  11.94, 0  11.44, 
expressed  oy  the  empirical  formula  C^JHyfi^.  Exposed  to  the  action  of 
superheated  steam,  they  break  up  into  the  fatty  acids  and  glycerin.  All 
the  animal  fats  are  soluble  iu  hot  alcohol,  in  ether,  ^uid  oils,  benzole,  car- 
bon disulphide,  and  in  chloroform.  They  are  distinguished  from  ono 
another  by  the  temperature  at  which  they  respectively  solidify,  and  by  the 
salts  that  they  form  with  the  alkalies. 

The  following  table  shows  about  the  proportion  in  which  they  are  fouud 
in  some  of  the  fluids  and  tissues  of  the  body  : 


SweHt,  .    .    .  . 
Vitreous  humor, 

Saliva,       .     .  . 

Lvmpb,     .     .  . 

Synovia,    .     .  . 

Liq.  Amnii,  .  . 

Chyle,  .     .     .  . 

Mucus,      .     .  . 


Percentage  (  Percentage 

of  fat.  I  (»f  fau 

.     O.OOl  Blood 0.4 

0.002  Cartilage,      .     .     .     1.3 

0  02  Bone, 14 

0.05  I     Bile, 14 

0.06  Crvstalline  Lenfi,  .     2. 

0  06  Liver, 2  4 

0.2               Muscles,  ....     8  8 
0.8  Hair, 4.2 


Milk, 

Cortex  of  Brain,  . 
Brain  (whole), .  . 
Hen's  Egg,  .  .  . 
Medulla  of  Brain, 
Nerves,  .  .  .  . 
Spinal  Cord,  .  . 
Adipose  Tissue,     . 


Percentage 
of  fat. 

4.8 
56 
8.0 
11.6 
20. 
22.1 
23.6 
82.7 


C  "FT  1 
Cholesterin,  «jj"  |^0+H,0  (or  biliary  fat) /h  a  hard  spermaceti- 
like substance,  which  separates  from  its  solutions  in  nacreous  scales,  that 
are  found  under  the  microscope  to  have  the  form  of  rhombic  tablets,  the  ob- 
tuse angle  being  100^  30',  the  acute  79^  30' :  it  is  quite  insoluble  in  water, 
but  is  soluble  in  ether,  and  also  in  boiling  alcohol,  from  which,  however,  the 
greater  part  separates  on  cooling.  It  does  not  melt  until  heated  to  298°, 
and  it  solidifies  again  and  becomes  perfectly  crystalline  at  275°.  It'  is  not 
decomposed  by  concentrated  alkalies  even  when  the  mixture  is  submitted  to 

Crolonged  heat.  It  is  found  in  plants,*  and  is  constantly  present  iu  the 
lood,  in  the  proportion  of  about  two  parts  in  ten  thousand ;  its  quantity 
seems  to  be  augmented  in  old  age.  It  is  found  also  in  the  lymph,  in  most 
glands,  and  is  stated  to  be  a  constituent  of  the  nervous  tissue,  being  {)roba- 
bly  a  product  of  the  disintegration  of  the  nerve-substance.  It  is  frequently 
separated  from  the  blood  as  a  morbid  product;  thus  it  is  often  present  in 
considerable  quantity  in  dropsical  fluids,  and  particularly  in  the  contents  of 
cysts.  It  is  occasionally  seen  in  disorganized  eyes,  floating  in  detached  scales 
in  the  fluid  vitreous,  and  is  sometimes  deposited  in  the  solid  form  in  de- 
generated structures,  tubercular  concretions,  etc.  Strong  arguments  have 
been  adduced  by  Dr.  Austin  Flint*  for  regarding  it  as  an  excrementitious 
principle  discharged  by  the  liver,  and  hardly  second  in  importance  to  urea. 
He  has  found  it  always  more  abundant  in  the  blood  returning  from  the 
brain  than  elsewhere;  also  that  its  quantity  is  exceedingly  small  in  the 
venous  blood  of  the  paralyzed  side  in  hemiplegia;  and  that  in  eases  of  seri- 
ous structural  disease  of  the  liver,  accompanied  by  symptoms  pointing  to 
blood-poisoning,  cholesterin  accumulates  in  the  blood,  constituting  a  condi- 
tion which  he  has  called  Cholestersemia. 

Stercorin. — This  term  has  been  applied  by  Dr.  Austin  Flint  to  a  pecu- 
liar substance,  crystallizing  in  needles,  which  may  be  extracted  from  normal 
faces  by  the  successive  action  of  ether,  alcohol,  and  a  hot  solution  of  caustic 
potash,  by  which  all  the  saponiflable  fats  are  removed.   On  largely  diluting 

*   Beneke,  Annalon,  Band  cxxii,  p.  249,  and  cxxvii,  p.  105. 
'  Physiology  of  Man,  vol.  ii,  p.  402. 
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the  mixture  with  water,  filtering,  acting  on  the  residue  with  ether  and  alcohol, 
and  evaporating,  pure  stercorin  may  be  obtained.  It  resembles  cholesterin  in 
many  points,  and  is  believed  to  proceed  from  that  substance.  Its  crystalline 
form  is,  however,  different,  and  it  fuses  at  a  lower  temperature — 96.8^  Fahr. 
About  ten  grains  are  eliminated  per  diem. 

57.  lyoRGANic  Ck)MPOUNDS. — The  principal  inorganic  compounds  that 
form  part  of  the  tissues  and  fluids  of  the  body,  are  water,  carbonic  acid,  and 
ammonia ;  the  carbonates,  chlorides,  sulphates,  and  phosphates  of  the  alka- 
lies and  alkaline  earths,  and  potassium  sulphocyanide.  Water  is  the  most 
widely  distributed  of  all  the  constituents  of  the  body,  and  forms  rather  more 
than  half  its  weight  (59  per  cent.),  the  different  tissues,  however,  containing 
very  various  amounts,  from  the  enamel  of  the  teeth,  which  h^  only  2  per 
1000,  to  the  renal  tissue,  which  has  827  per  1000.  Fat  contains  209  per 
1000 ;  the  tissues  of  the  liver  693  ;  of  the  spinal  cord,  697 ;  of  the  skin,  720 ; 
of  the  brain,  750;  of  the  muscles,  757;  of  the  spleen,  758;  of  the  thymus, 
770;  of  the  nerves,  780 ;  and  the  heart,  792  parts  in  1000.  It  is  for  the 
most  part  directly  ingested,  but  a  small  portion  is  probably  also  found  in  the 
body,  as  one  of  the  terminal  products  of  the  various  chemical  changes  un- 
dergone by  the  more  complex  substances  used  as  food.  It  is  discharged  from 
the  body  by  the  kidneys,  skin,  lungs,  and  bowels.  It  confers  elasticitv,  ex- 
tensibility, and  transparency  on  the  several  tissues.  It  is  a  general  solvent, 
and  is  essential  for  all  processes  of  imbibition,  diffusion,  and  of  movement  in 
genera],  both  in  a  chemical  and  physical  sense.  By  its  evaporation,  a  large 
amount  of  heat  is  rendered  latent,  and  it  hence  serves  as  the  chief  heat  regu- 
lator of  the  body.  The  physiological  significance  of  the  various  saline  eon- 
atituents,  except  in  so  far  as  they  form  part  of  the  bony  skeleton,  has  not 
been  satisfactorily  ascertained,  though  in  some  instances,  it  is  probable  they 
serve  to  retain  in  solution  some  of  the  organic  compounds.  With  the  ex- 
ception of  common  salt,  they  are  rarely  taken  into  the  body  in  their  chemi- 
cally pure  state,  being  usually  combined  with  the  organic  constiMients  of 
the  food,  and  are  no  less  important  than  these  in  the  general  processes  of 
nutrition.  In  some  few  instances,  they  appear  to  be  formed  in  the  body,  as 
in  the  case  of  the  alkaline  sulphates  and  phosphates,  the  former  of  which, 
whilst  partially  consumed  with  the  food,  are  in  part  derived  from  the  oxida- 
tion of  the  sulphur  contained  in  the  albuminouscompounds,  whilst  the  latter 
in  part  proceed  from  the  oxidation  of  phosphorus  in  organic  compounds. 
The  saline  compounds  are  eliminated  for  the  most  part  unaltered  by  the  kid- 
neys and  bowels.  The  chief  exceptions  to  this  rule  are  found  in  the  salts 
of  the  vegetable  acids  as  the  tartrates,  malates,  and  citrates,  which  un- 
dergo decompositi(m  in  the  blood,  and  are  discharged  in  the  condition  of 
carbonates.  The  most  widely  distributed,  as  well  as  perhaps  the  most  im- 
portant salt  in  the  body  is  tfodium-ch/oridCf  or  common  ^alt.  The  blood  con- 
tains rather  more  than  4  parts  of  it  in  1000,  and  the  proportion  undergoes 
but  little  variation,  whether  an  excess  or  a  deficiency  he  ingested  with  the 
food — in  the  one  case  the  superfluous  quantity  being  quickly  eliminated  by 
the  urine,  and  in  the  other,  the  system  retaining  its  hold  of  the  salt  with 
such  {>ertinacity  that  the  quantity  discharged  falls  to  a  minimum,  or  its 
elimination  is  altogether  arrested.  Dr.  Broadbent*  has  pointed  out  that  this 
retention  can  only  be  in  virtue  of  a  special  chemical  relation  between  the 
salt  and  the  animal  tissues  and  fluids,  and  it  is  in  consequence  of  such  affinity 
that  it,  as  well  as  other  salts,  are  of  service  in  the  organic  processes.  It  is 
present  in  considerable  quantity  in  chyle,  lymph,  and  white  of  eggs;  in  the 


*  An  Attempt  to  apply  Chemical  Principles  in    Explnnation  of  the   Action  of 
Remedies  and  Foisuns.     1869. 
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salivary  and  gastric  fluids;  in  mucus,  pus,  and  inflammatory  exudates; 
whilst  It  is  remarkably  deficient  in  the  yolk  of  eggs,  in  the  juice  of  muscles, 
and  m  the  secretion  of  some  glands.  Its  uses  are  numerous.  It  exerts  an 
important  influence  on  all  the  difiusion  processes  that  take  place  in  the  body, 
affecting  in  this  way  the  absorption  and  interchange  of  material ;  whilst  by 
conferring,  in  association  with  other  suits,  a  certain  density  upon  the  blood 
plasma,  it  plays  an  important  part  in  the  conservation  of  the  morphological 
elements  of  the  blood  m  their  natural  condition.  It  also  seems  to  be  essen- 
tial to  the  performance  of  many  of  the  metamorphic  and  histogenetic  opera- 
tions to  which  the  organic  constituents  of  the  food  are  subjected  in  the 
animal  economy.  It  was  demonstrated  by  Boussingault,*  that  when,  of  two 
sets  of  oxen,  one  was  allowed  the  unrestricted  use  of  salt,  whilst  the  other 
was  as  far  as  possible  deprived  of  its  use,  a  marked  contrast  was  observable 
in  the  course  of  a  few  weeks  between  them,  and  manifestly  to  the  advantage 
of  the  former.  The  desire  for  common  salt  on  the  part  of  animals  and  man 
is  extremely  powerful,  leading  the  former,  especially  if  they  be  vegetable 
feeders,  to  traverse  great  distances  to  reach  saline  deposits:  whilst  strong 
evidence  of  the  necessity  for  its  use  in  man  is  afforded  by  the  fact  mentioned 
by  Brucke,  that  many  military  deserters  who  live  a  wild  life  in  the  moun- 
tains of  Salzburg,  Upper  Austria  and  Carinthia,  risk  their  liberty  and  even 
lives  to  obtain  it  in  town  or  village.  Sodium  phosphate  (Na^HPO^  and 
Na^HjPOj  and  carbonate,  the  latter  of  which  is  partly  ingested  with  the 
food,  and  partly  results  from  the  decomposition  of  the  salts  of  malic,  citric, 
and  tartaric  acids,  would  seem  to  have  as  their  chief  purpose  the  mainte- 
nance of  the  alkalinity  of  the  blood,  on  which  depends  not  merely  the 
solubility  of  its  albumen,  but  the  facility  of  its  passage  through  the  capil- 
laries, and  the  readiness  with  which  its  combustive  materials  are  oxidized, 
whilbt  they  also  increase  the  absorptive  power  of  the  serum  for  gases,  and 
thus  play  an  important  part  in  the  respiratory  process.  The  salts  of  potash 
appear  to  be  specially  required  for  the  nutrition  of  the  muscles  and  nerves, 
since  they  are  largely  present  in  the  fluids  and  ashes  of  those  tissues,  but 
they  probably  exert  the  same  general  influence  as  those  of  soda.  The 
quantity  present  in  the  blood  cannot  exceed  certain  limits,  since  the  observa- 
tions of  Graudeau  and  others*  have  shown  that  the  injection  of  potassium 
salts,  and  especially  of  potassium  chloride,  are  even  in  dilute  solution  highly 
poisonous,  paralyzing  the  heart  and  striated  muscles.  It  is  remarkable  that 
when  injected  into  the  stomach  the  action  of  the  chloride  is  different,  in- 
creasing the  frequency  and  force  of  the  heart's  action,  and  the  pressure  of 
the  blood.'  The  presence  of  the  earthy  salts,  on  the  other  hand,  would  seem 
to  have  reference  almost  exclusively  to  the  composition  of  the  tissues,  into 
which  some  of  them  enter  very  largely.  Calcium  phaphate,  in  particular, 
must  be  regarded  almost  in  the  light  of  a  histogenetic  substance  so  constantly 
is  it  present  in  newly  forming  tissues,  whilst  it  is  also  in  great  demand  as 
the  principal  consolidating  material  of  bone  and  tooth.  Whether  the  cal- 
cium carbonate,  magnesium  phosphate,  the  calcium  fluoride,  and  the  silica  of 
the  blood,  are  of  any  other  use  than  to  supply  consolidating  materials  for  the 
tissues,  there  is  at  present  no  evidence  whatever.  Iron,  like  the  alkaline 
nits,  is  an  essential  constituent  of  the  blood  itself,  forming  a  large  percent- 
age of  the  hsematoglobulin  of  its  red  corpuscles,  and  it  is  supplied  by  the 
blood  to  various  tissues,  especially  the  muscles  and  the  hair,  of  which  also  it 
may  be  considered  an  essential  component.     Estimating  the  quantity  of 

'  M6moirede  Chemie  Airricolo,  18-)4,  p.  271. 

*  TrauJ>e,  Bornard,  Ranko.  P«»dca|«tiw,  and  Guttmann. 

•  Kemmerich,  Archiv  f.  Phys.,  Band  ii,  p.  49. 
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blood  with  Bischoff  (highly)  at  7.7  per  cent,  of  the  whole  weight  of  the  body, 
the  total  quantity  of  iron  contained  in  the  blood  of  a  man,  weighing  about 
150  lbs.,  would  be  45  grains.  The  normal  proportions  of  all  these  sub- 
stances are  essentially  maintained  by  means  of  the  excretory  apparatus, 
which  filters  off  (so  to  speak)  any  surplus,  it  being  through  the  urinary 
organs  that  they  are  chiefly  eliminated.  And  it  is  by  them  too  that  the 
normal  proportion  of  water  in  the  blood  is  maintained ;  the  Malpighian 
apparatus  of  the  kidneys  apparently  acting  as  a  kind  of  safety-valve, 
through  which  any  surplus  that  remains  after  the  cutaneous,  pulmonary, 
and  intestinal  exhalants  have  performed  their  appropriate  duties,  is  allowed 
to  make  its  escape. 


CHAPTER  V. 

OF   FOOD,   AND  THE   DIGESTIVE   PROCESS. 

1.  OJ  Foody  its  Nature  and  Destination, 

58.  From  the  foregoing  observations  regarding  the  composition  of  the 
tissues  and  fluids  of  the  body,  it  may  be  concluded  that  the  substances  which 
are  required  by  animals  for  the  development  and  maintenance  of  their  fabric 
are  of  two  kinds,  the  Organic  and  the  Inorganic.  The  Organic  alone  are 
commonly  reckoned  as  aliments:  but  the  latter  are  really  not  less  requisite 
for  the  sustenance  of  the  body,  which  speedily  disintegrates  if  the  attempt 
be  made  to  support  it  upon  any  Organic  compounds  in  a  state  of  purity,  in 
all  ordinary  articles  of  diet,  however,  the  Inorganic  matters  are  present  in 
the  requisite  proportion  ;  and  hence  it  is  that  the  necessity  which  exists  for 
their  en)ployment  has  very  commonly  escaped  notice. 

59.  The  Organic  compounds  usually  employed  as  food  by  Man  are  partly 
derived  from  the  Animal,  and  partly  from  the  Vegetable  Kingdom ;  and  they 
may  be  conveniently  arranged  under  the  three  heads  already  mentioned  of 
the  Saccharine,  the  Oleaginous,  and  the  Albuminous — under  which  last 
gelatin  is  included.  There  are  many  other  substances,  however,  which, 
though  truly  alimentary  and  consumed  to  a  considerable  amount,  cannot  be 
legitimately  placed  under  either  of  the  above  heads — such  are,  for  example, 
the  vegetable  acids,  and  pectin,  or  vegetable  jelly.  The  compounds  belong- 
ing to  the  Saccharine  group*  consumed  as  food,  though  existing  in  small  pro- 

*  By  far  the  most  important  of  the  hydrocarbonaoeous  compounds  is  starch,  which 
exists  in  the  ro<»ts,  tubers,  stems,  leaves,  fruit,  and  seeds  of  plants,  both  as  an  amor- 
phous and  as  a  morphologieal  eonstituent.  In  the  former  condition  it  is  compani- 
tively  rare,  but  in  the  latter  it  appears  in  the  form  of  separate  granules,  presenting, 
as  may  be  well  seen  in  potato  starch,  a  series  of  concentric  laminae  arranged  around 
an  eccentrically  situated  point.  Every  starch-granule  consists  of  three  kinds  of 
substance — of  granuloses  which  is  colored  blue  by  iodine;  of  ^ryMro^ranu/oM,  which 
is  colored  red  by  it;  and  of  cellulose^  which  is  not  colored  by  it.  If  iiniine  be  added 
to  a  starch-granuh?,  it  becomes  of  a  deep-blue  tint,  because  the  granulose  is  by  far 
the  Inrc^est  constituent;  but  if  very  little  iodine  be  added  the  granule  becomes  of  a 
reddi-h  color,  because  the  erythrogranulose  has  the  strongest  affinity  for  it,  and 
seizes  upon  it.  On  boiling  with  a  2  }>er  cent,  solution  of  sulphuric  acid,  sturch  is 
rendered  soluble,  and  is  convert«'d  into  Nasse's  nmitiuliuy  which  still  turns  blue  with 
iodine.  On  longer  boiling  it  uiuleruoes  a  further  change  into  erythrodextriny  or  ordi- 
nary dextrin,  which  colors  red  with  iodine  ;  and  after  a  still  longer  time  it  becomes 
converted  into  another  kind  of  dextrin,  nchroodextrin^  which  tastes  sweet  and  does 
not  color  with  i«>dine,  and  into  a  kind  of  sugar  termed  glycose  (starch  sugar,  dextrin 
sugar,  grape  sugar).    All  the  abovcmcntioncd  bodies  rotate  the  plane  of  pohirization 
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portions  in  the  animal  tissues,  are  principally  derived  from  the  vegetable 
kingdom,  in  which  they  are  frequently  present  to  a  large  amount.  The 
pure  sugars  undergo  little  change  before  absorption,  though  they  are  some- 
times partially  decom|X)sed  into  lactic  and  butyric  acids.  It  is  probable 
that  cane-sugar  undergoes  conversion  into  grape-sugar  either  at  the  liver  or 
800D  after  it  has  entered  the  blood.  Starch  is  for  the  most  part  converted 
into  dextrin  and  grape-sugar;  and  by  a  further  process  of  oxidation  or 
combustion,  these  compounds  generate  carbonic  acid,  which  is  chiefly  elimi- 
nated by  the  lungs,  and  thus  become  directly  subservient  to  the  generation 
of  nervo-muscular  force,  and  to  the  maintenance  of  the  heat  of  the  body. 
That  the  saccharine  substances  are  per  se  insufficient  for  the  maintenance  of 
life  has  been  shown  by  numerous  experiments  upon  animals,  and  by  the  in- 
teresting experiments  of  Dr.  Hammond,*  who  on  one  occasion  limited  him- 
self to  a  diet  of  U  lb.  of  gum  per  diem,  and  on  another  to  a  similar  quantity 
of  starch  and  water.  In  both  sets  of  experiments  hunger,  debility,  and 
febrile  excitement  were  soon  experienced,  and  he  was  finally  compelled  to 
discontinue  the  gum  diet  on  the  fourth  day,  though  he  was  able  to  persevere 
in  the  use  of  the  starch  till  the  tenth — a  circumstance  which  was  probably 
partly  due  to  its  still  retaining  a  small  proportion  of  gluten,  and  partly  to 
Its  not  producing  such  serious  disorder  of  the  stomach  and  bowels  as  the 
gum. 

60.  The  Oleaginous  compounds  (§  56)  which  enter  so  largely  into  the 
composition  of  the  body — being  not  only  stored  up  in  masses  in  the  adipose 
substance,  but  also  forming  constant  ana  important  constituents  of  the  mus- 
cular, nervous,  and  other  tissues — are  partly  introduced  into  the  system 
from  without,  and  are  also  partly  the  result  of  the  chemical  metamorphoses 
effected  within  the  body  upon  the  albuminous  and  saccharine  compounds: 
by  which  means  the  latter  become  subservient  to  the  nutrition  of  the  several 
nitrogenous  as  well  as  non-nitrogenous  tissues.  In  the  diet  of  the  Carnivora, 
the  fats  almost  entirely  replace  the  carbohydrates  consumed  by  the  Her- 
bivora.  Previous  to  absorption  the  oleaginous  substances  undergo  fine 
division,  and,  perhaps,  to  some  extent  saponification  ;  whilst  after  their  en- 
trance into  the  circulation  they  are  partly  applied  to  the  purposes  of  nutri- 
tion, partly  to  the  production  of  nervo-muscular  force,  and  partly,  there  is 
good  reason  for  believing,  combine  immediately  with  oxygeu,  and  thus  sup- 
port the  animal  heat.  Like  the  saccharine,  the  oleaginous  compounds  when 
consumed  alone  are  wholly  incapable  of  supporting  life ;  and  the  only 
benefit  that  a  starving  animal  obtains  from  their  consumption  is  the  main- 
tenance of  its  temperature,  and  a  consequent  slight  prolongation  of  its  life ; 
death  occurring,  as  has  been  shown  by  Mr.  Savory,  when  non-nitrogenous 
food  is  freely  supplied.*  not  from  loi<s  of  temperature,  as  in  inanition,  but 
from  loss  of  tissue.  Tne  experiments  of  Dr.  Ed.  Smith  on  the  elimination 
of  carbonic  acid,  and  of  MM.  Fick  and  Wislicenus,  and  Dr.  Parkes,  on  the 
excretion  of  nitrogen  during  rest  and  exercise,  as  well  as  the  more  theo- 
retical considerations  adduced  by  Professor  Frankland,  alike  tend  to  show 
that  during  the  period  of  active  e4|rtion  the  nitrogen-holding  substance  of 
the  muscles  undergoes  comparatively  trifling  increase  in  the  disintegration 
to  which  it  is  constantly  subject,  whilst  a  marked  increase  occurs  in  the 


to  the  right  Changes  essentially  similar  to  those  just  describod  lis  produced  in  starch 
by  boilin*;  with  acid,  are  eftected  by  the  action  of  a  ferment  termed  diastitpe.  which 
i«develofK?d  in  germinating  seeds.  Diastase  breaks  up  starch  into  glycoso  and  achroo- 
dextrin,  and  if  fermentation  continues  the  latter  is  gradually  almost  wholly  con- 
verted into  glycose.     See  Brucke,  Vorle^ungen,  1874. 

^  Experimental  Researches  on  Food,  Philadelphia,  1857. 

'  Proceedings  of  Royal  Society,  May  1st,  1862. 
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oxidfttion  fif  the  hydrocfirboiiaceona  crttistitueuB;  the  utiiou  of  these  wiA 
oxygen,  or  their  combimiion,  uppeurirjg  to  gienerut^  the  force  which  W  ren- 
dered appareot  in  locornolion  or  maTinal  hiGor,    Hence  it  is  fouod  that  can-  I 
sideiables  and  with  health j  muscles  even  prohiuged,  exertion  can  be  made 
oil  fc»od  containing  little  or  no  nitrogen — m,  for  Instance,  on  bis^enlt*  made 
of  starch  and  i^ngar,  or  starch  and  fat.     General  experience,  however,  aa 
well  as  the  experiments  of  Dr.  Hammond  and  Mr.  Savory — ^aj*  we  have 
already  .*een — ^aod  especially  those  of  JJr.  Farke!*^  which  will  h€*reafter  be 
more  fully  di^cns^ed^  show  conclusively  that  there  h  a  limit  to  the  muscular 
force  which  can  be  exerted  under  such  circtimslances;  and  that  when  food 
ha^  been  administered  which  is  either  altogether  deficient  in  nitrtJgen.or  which 
contains  an  iuMiffieient  supply  of  that  substance,  siwuer  or  later  the  jx^werof 
the  mnaclejf  dimiuishesj  and  at  length  altogether  fails.     It  may  therefore  be 
regarded  as  a  well-establiished  fact  that  when  severe  and  sustained  jnuscular 
exertion  is  required  to  be  performed,  the  fiwd  mui^t  contain  not  only  a  due 
supply  of  hj-drocarbonaceous  and  easily  oxidizable  substance  which  may  | 
develop  the  muscular  force»  but  also  a  sufficient  amount  of  nitrogenous 
material  to  repair  the  waste  of  tissue  which  occurs  in  the  act  of  contraction. 
(>I,  The  suhstancei*  forming  the  Afbntntnnm  group  f §  53)  are  applifmble 
to  the  support  of  the  Animal  body,  both  by  attbrding  the  materials  for  the 
nutrition  ami  re  formation  of  its  tissuas,  and  also  by  ?^erviug  for  the  main* 
tenunce  of  itd  heat,  and  the  prtiductiou  of  muscular  force,  through  the  de- 
com|>oa^ition  of  which  they  are  susceptible,  into  hydrocarbonaceous  matt«^rs 
capable  of  undergoing  direct  oxidation,  and    highly  aseotized  com|Hiunda 
which    ultimately  pass  off  by  the   kidneys.     The   proportions  of  carbon, 
h y  d  roge rt ,  f >x y gen ,  an d  u i t rogen ,  o f  w  h  ic h  al  I  i h ese  s ii  bsta u ccs  are  com  ptj»ed , 
appear  to  be  very  similar;  &nd  tliey  seem  all  capable  of  being  reduced  by 
the  digestive  process  to  a  like  condition.     Hence  it  h  a  matter  of  little  i-on- 
sequence,  except  as  regards^  the  proportion  of  inorgimic  matters  with  which 
they  may  be  respectively  united,  whether  we  draw  our  histogenetie  materiiils 
fro  I  n  t  h  e  fle^h  of  a  n  i  ma  1  s  ( m  y  osi  n ,  sy  n  to  n  i  u ) ,  f m  m  the  white  o  f  egg  i  a  1  bu- 
mcn)t  frfjm  the  curd  of  milk'  (casein),  from  the  grain  of  wheat  (gluten  ^  or 
from  the  seed  of  the  pea  or  l>ean  (legnmin).     Neither  of  these  substances,  | 
however,  can  long  su«^tain  life  when  it  is  used  by  itself;  for  it  ha?  been  ex- 
perinienially  ai*certaiued,  that  by  being  made  to  teed  constantly  on  the  sam0 1 
8ul>stance  \  boiled  white  of  egg,  for  ins^tance,  or  meat  deprived'of  the  osma*| 
2ome  that  gives  it  tiavor),  an  animal  may  be  eHectually  starved  :  iU  disgust ' 
at  i*uch  food  being  such,  that  even  If  this  l>e  swallowed,  it  is  m^t  digested, 
Thus  Dr,  Hammond  limited  himself  tor  a  fveriod  of  ten  days  to  a  diet  of 
about  1|  lb.  of  albumen  obtained  from  the  serum  of  bullock's  hlood.  and  4 
lbs.  of  distilled  water  per  diem.    Little  inconvenience  was  cxpcricnctMj  uulil 
th c  fbu  rt h  t i  ay ,  wh e n  1  oss  of  a ppe ti te ,  head ach e,  a nd  d eb i  I i ty  w e re  fc 1 1 .     The 
severity  of  tlxese.  symptoms  rapidly  increased,  and  the  disgust  which  tfa6 
monotony  of  the  diet  occasioned  was  so  great,  that  it  was  with  much  diifi- 
culty  the  albumen  eon  Id  be  eaten.     On  the  seventh  day,  albumen  ap|ieared  I 
in  the  urine;  and  on  the  ninth,  such  wvere  diarrhcea  set  in  that  he  was  ] 
com  periled  to  give  up  the  experiment.    There  was  no  failure  in  the  main^ 
termnce  of  the  temperature  of  the  body,  though  its  weight  was   notably  I 
dimitiished  at  the  end  of  the  experiment^  and  the  mental  faculties  remained 
clear  throughout.— The  organized  fabric  of  Animals  contains  also  a  large 
quantity  of  Gehttn-i/ieldiuf^  tHsue-s.     It  seems   certain   that    theiM*   tissues  1 
may  be  produced  out  of  fibrin  and  albumen;  since  in  animals  that  are  ftup-j 
I>oricd  on  the-se,  or  at  least  consume  no  gelatin  with  their  fiWKi,  the  nuiritioa  ' 
of  the  gelatinous  tissues  does  not  seem  to  be  impaired.     The  ex|>erimeiiis  of  J 
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Bischoff  and  VoiV  when  taken  in  conjunction  with  the  inquiries  of  the  com- 
missioners appointed  to  investigate  the  subject  in  Paris  and  Amsterdam,^ 
appear  to  have  established  that,  though  gelatin  is  not  destitute  of  nutritive 
value,  it  cannot  permanently  replace  albumen  as  an  article  of  diet.  For  a 
short  period  it  may  indeed  be  serviceably,  perhaps  even  advantageously  em- 
plovea ;  and  the  nutritive  value  which  experience  has  long  assigned  to  soups 
and  broth,  whilst  partly  attributable  to  the  albuminous  matters  which  they 
hold  in  solution,  may  also  in  some  measure  be  due  to  the  readiness  with 
which  their  gelatinous  constituents  can  be  absorbed  and  applied  to  the  pur- 
poees  of  nutrition  and  calorification.  The  very  large  quantity  of  gelatin 
which  Bischoff  and  Voit  found  it  necessary  to  make  their  dog  consume  in 
order  to  maintain  its  weight — a  quantity  of  dry  gelatin,  in  fact,  equal  to  the 
weight  of  moist  flesh  on  which  the  animal  was  ordinarily  fed — is  worthy  of 
particular  notice,  and  furnishes  an  explanation  of  the  negative  results  which 
were  obtained  by  previous  inquiries.'  That  it  rapidly  undergoes  a  decom- 
position analogous  to  that  of  the  albuminous  compounds,  is  evident  from 
the  observations  of  Frerichs  on  the  result  of  the  ingestion  of  large  quan- 
tities of  pure  gelatin :  this  being  a  marked  increase  in  the  proportion  of 
urea  in  the  urine,  with  an  elevation  of  its  specific  gravity  from  1018  to  1030 
or  even  1034.  It  is  very  interesting  to  remark  (with  Dr.  Prout)  that,  in  the 
only  instance  in  which  Nature  has  provided  a  single  article  or  food  for  the 
support  of  the  animal  body,  she  has  mingled  articles  from  the  first  three  of 
the  preceding  groups.  This  is  the  case  in  Milk,  which  contains  a  consider- 
able quantity  of  alnuminous  substance,  casein,  which  forms  its  curd ;  a  good 
deal  of  oily  matter,  the  butter ;  and  no  inconsiderable  amount  of  sugar, 
which  is  dissolved  in  the  whey.  The  proportions  of  these  vary  in  different 
3Iammalia,  and  they  depend  m  part  upon  the  nature  of  the  food  supplied  to 
the  Animal  that  forms  the  milk ;  but  the  substances  are  thus  comoined  in 
every  instance. 

62.  Up  to  a  comparatively  recent  period,  attempts  were  made  to  divide 
all  kinds  of  food,  in  accordance  with  their  supposed  application  in  the  body, 
into  two  great  classes,  called  respectively  the  "histogenetic"  or  tissue-form- 
ing, and  the  "respiratory"  or  heat-producing  aliments.     It  was  imagined 

»  Gesetze  der.Erniihrung,  1860,  p.  215. 

*  See  the  lU'port  of  the  French  Gelatin  Commission,  in  the  Compt.  Rond.,  Aoftt, 
1841;  that  of  the  AmsterdHm  Conimi:ision  in  Uet.  Institut,  No  2,  1843;  Gazette 
M^icale,  Mnrs  16,  1844;  Voit's  paper  in  the  Zeitschrift  fur  Biologie,  Band  viii, 
1872,  p.  207 ;  and  Etzinger  in  idem,  Band  x,  p.  84. 

•  Thnt  Gelatin  is  not  destitute  of  nutritive  value  id  ►hown  by  the  fact  that  in  one  of 
BitchofTand  Voit's  experiments  a  dojr,  weij:hinjif  about  80  lbs.,  lost  in  four  days  one 
pound  in  body  weight  when  fed  with  500  jjrammes  (1  lb.  1  oz.  avoir.)  of  meat  alone, 
out  gained  in  three  days  134  grammes  (2069  grains)  when  the  t'umo  quantit}'  of  meat 
wa?  given  together  with  200  grammes  (3088  grains)  of  gelatin.  That  gelatin,  even 
when  given  in  considerable  quantiticja,  will  not  support  lile,  is  shown  by  the  results 
of  another  experiment,  in  which  a  dog  weighing  over  50  lbs.  died  on  the  31st  day 
when  supplied  with  8088  grains  of  gelatin,  2316  grains  of  starch,  1544  grains  of  fat, 
and  185  grains  of  flesh  extract.  Etzinger  has  recently  shown  (Zeiti«.  f.  Biologie,  B. 
X)  that  ligament,  cartilage,  and  bone,  are  all  largely  soluble,  with  lot-s  of  their  gola- 
tinifying  power,  in  gastric  juice,  and  are  all  capable  of  absorption.  Liebig's  essence 
of  meat  contains  from  16-21  per  cent,  of  wat«T,  18-J2  per  cent  of  ash,  and  56-00 
percent,  of  substances  soluble  in  alcohol  of  80  percent,  strength  (Tliudichuni,  On 
the  Origin,  Nature,  and  Uses  of  Liebig's  Extract  of  Meat,  I'amphlei,  1869)  and 
no  ge!atin  or  fat.  In  regard  to  the  physiological  action  of  beef  tea  and  the  extract 
of  meat,  the  reader  may  refer  to  the  pamphlets  on  this  subject  by  Kemmerich,  Bel- 
jaw»ky,  Bogoslowuky  (Centralblatt.  f.  d.  Med.  Wiss.,  No  32,  1871,  and  Archiv  f. 
Anat'v.  Phys.,  1872),  and  to  Bunge  (Cbl.,  1871,  p.  636).  Kemmerich  attributed 
these  g<K)d  efiects  to  the  influence  of  the  alkaline  salts  they  contain  exclusively,  a  view 
that  u  not  supported  by  the  results  of  experiments  portormed  by  other  observers. 
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that  a  definite  line  could  be  drawn  between  the  non-azotized,  including  the 
oleaginous  and  saccharine  substances,  on  the  one  hand,  and  the  azotized, 
embracing  the  albuminous  group  and  gelatin,  on  the  other;  the  former  being 
subservient  to  the  production  of  heat,  the  latter  to  the  repair  and  develop- 
ment of  the  different  ti^ues.  To  a  certain  extent  this  division  is  unques- 
tionably based  on  correct  principles.  The  presence  of  a  large  proportiQp  of 
Nitrogen  in  all  the  higher  tissues  of  the  Animal  body  clearly  indicates  that 
for  their  due  nutrition  some  substance  containing  Nitrogen  should  be  con- 
sumed as  food;  and  the  justice  of  this  inference  has  been  fully  borne  out  by 
experiment.  In  this  sense,  then,  the  albuminous  and  gelatinous  substances 
are  truly  histogenetic.  On  the  other  hand,  the  large  proportion  of  Carbon 
and  Hydrogen  in  saccharine  and  oleaginous  compounds  naturally  suggests 
that  the  chief  purpose  to  which  they  are  applied  in  the  body  is  the  mainte- 
nance of  its  temperature  by  their  combination  with  oxygen.  But  the  mus- 
cular, nervous,  and  glandular  tissue  are  not  composed  of  albuminous  sub- 
stances alone ;  they  contain^  as  an  essential  constituent  of  their  structure,  a 
certain  portion  of  fat,  without  which  their  composition  would  be  imperfect, 
and  the  performance  of  their  functions  impossible.  Such  fat,  then,  must  be 
considered  as  '* histogenetic''  and  not  as  ''calorifacient"  fat;  though  like 
that  which  exists  in  the  free  state  in  the  blood,  or  is  stored  up  in  the  adipose 
tissue,  after  having  fulfilled  its  functions,  it  may  be  applied  by  its  combus- 
tion to  the  support  of  the  animal  heat  and  the  production  of  nervo-muscular 
force.  In  a  manner  essentially  similar,  the  albuminous  substances  ingested, 
whilst  partly  becoming  assimilated  and  applied  to  the  nutrition  of  the  tissues, 
are  partly  also  directly  decomposed  in  the  blood ;  the  products  of  their  dis- 
integfatiou  in  both  instances  combining  with  oxygen,  and  yielding  a  certain 
amount  of  heat  or  other  force;  so  that,  like  the  oleaginous  and  saccharine 
substances,  they  are  applied  to  the  carrying  out  of  both  provisions,  the  form- 
ation of  tissues,  capable  of  generating  nervo-muscular,  or  other  form  of  ac- 
tivity, and  the  maintenance  of  an  elevated  temperature,  though  undoubtedly 
in  each  case  to  a  very  unequal  degree.  It  is,  however,  impossible  to  measure 
the  value  of  any  particular  kind  of  food  for  either  purpose  by  a  consideration 
merely  of  its  ultimate  or  ev.en  of  its  proximate  constitution;  since  its  fitness 
as  an  article  of  diet  will  also  depend  upon  the  facility  with  which  it  may  be 
reduced  by  the  digestive  process,  and  afterwards  assimilated.^  Thus  an  ali- 
ment abounding  in  nutritive  matter,  may  be  inferior  to  one  which  really 
contains  a  much  smaller  proportion,  if  only  a  part  in  the  first  case,  and  the 
whole  in  the  second,  be  readily  taken  up  by  the  system. 

63.  It  is  obvious  that  the  most  economical  diet  will  be  that  in  which  there 
is  the  most  perfect  apportionment  of  the  several  classes  of  constituents  to  the 
wants  of  the  system;  and  these  will  vary  with  the  amount  of  muscular  ex- 
ertion put  forth,  and  with  the  elevation  or  depression  of  the  external  tem- 
perature. Thus,  for  a  man  of  ordinary  habits,  and  living  under  a  medium 
temperature,  a  diet  composed  of  either  bread  or  of  animal  flesh  alone  is  far 
from  being  the  most  economical.  No  doubt  there  are  particular  conditions 
of  existence,  under  which  life  may  be  advantageously  supported  upon  animal 
food  alone.  Thus  the  Guachos  of  South  America,  who  pass  the  whole  day 
in  the  rfaddle,  and  lead  a  life  of  constant  activity  resembling  that  of  a  car- 
nivorous animal,  scarcely  ever  taste  anything  but  beef;  and  of  this  their 
consumption  is  by  no  means  great;  for  the  temi>erature  of  the  surrounding 
atmosphere  is  so  high,  that  the  body  has  no  occasion  to  generate  more  heat 
than  is  supplied  by  the  eombustitui  of  the  hydrocarbonaceous  portion  of  the 
albumen  of  the  food  or  of  "waste"  of  the  tissues.  Here,  then,  the  demand 
for  histogenetic  material  being  at  its  maximum,  and  that  for  combustive 
materials  at  its  minimum,  the  former  supplies  all  that  is  requisite  for  the 
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latter.  Apiin,  the  Esquimaux  and  other  dwellers  upon  the  Arctic  seas  find 
ID  the  bodies  of  the  whales,  seals,  etc.,  whereon  they  subsist,  that  special 
supply  of  the  very  best  combustive  material,  which  alone  can  enable  them 
to  tuaintain  their  existence  in  a  climate  where  the  thermometer  is  for  many 
weeks  or  months  in  the  year  at  -40°  or  even  lower,  and  where  the  amount 
of  heat  which  must  be  generated  within  the  body  is  four  or  five  times  that 
for  which  a  diet  of  bread  will  suffice. — On  the  other  hand,  the  general  ex- 
perience of  the  inhabitants  of  warm  climates  seems  in  favor  of  a  diet  chiefly 
or  entirely  veget/ible;  and  its  peculiar  suitableness  appears  to  consist  in  its 
afibrding  an  adequate  supply  of  the  plastic  alimentary  substances,  in  com- 
biuatioD  with  farinaceous  matters  that  give  the  requisite  bulk  to  the  food, 
without  affording  more  combustive  material  than  the  system  requires, — the 
quantity  of  starch  which  undergoes  conversion,  and  which  is  introduced  as 
sugar  into  the  circulaticm,  being  apparently  governed  rather  by  the  demands 
of  the  respiratory  process  than  by  the  amount  ingested ;  and  the  remainder 
being  voided  again  unchanged. 

64.  In  a  well-arranged  system  of  diet,  the  proportion  that  the  non-azotized 
substances  ought  to  bear  to  the  azotized  should  be  determined  by  the  pro- 
portion of  Carbon  and  Nitrogen  w^ich  are  eliminated  in  the  excreta  of  a 
liealthy  man  in  a  given  period.  Now  we  know  from  various  experiments 
that  with  active  exertion  about  300  grains  of  Nitrogen  and  4G00  grains  of 
Carbon  are  daily  discharged  by  the  several  channels  of  the  lungs,  skin,  kid- 
neys, and  bowels;  the  proportion  of  the  Nitrogen  to  the  Carbon  eliminated 
being,  therefore,  nearly  as  1 :  15.  Now,  if  we  compare  the  composition  of 
bread  and  of  meat,  w^e  shall  see  what  is  their  relative  value  as  aliments,  by 
the  proportion  which  the  C  holds  to  the  N.  According  to  Payen,*  1000 
grains  of  Bread  contain,  in  rouud  numbers,  300  of  Carbon,  and  10  of  Nitro- 
gen; hence,  to  obtain  the  300  grains  of  Nitrogen  required  by  the  system, 
30,000  grains  (or  more  than  4  lbs.)  of  Bread  must  be  consumed;  but  the 
4600  grains  of  Carbon  required  are  contained  in  15,000  grains  of  Bread;  so 
that  to  obtain  the  requisite  supply  of  Nitrogen  a  quantity  of  Bread  must  be 
consumed  containing  exactly  double  the  quantity  of  Carbon  required. 
Hence  it  is  advantageous  to  add  to  a  bread  diot  a  small  quantity  of  Cheese 
or  other  highly  nitrogenous  food.  Again,  in  the  case  of  Meat,  1000  grains 
contain  100  of  Carbon  and  30  of  Nitrogen;  therefore  to  obtain  the  4600 
grains  of  Carbon,  no  less  than  6.V  lbs.  must  be  consumed,  whilst  the  requisite 
3<)0  grains  of  Nitrogen  are  contained  in  IJ-  lb.  of  Meat;  consequently  three 
or  four  times  more  meat  must  be  consumed  to  supply  the  Carbon  than  is 
necessary  to  furnish  the  Nitrogen.  Here  then  we  see  again  the  economy  of 
the  mixed  diet  which  is  so  generally  employed  by  Man,  whether  in  a  barbar- 
ous or  highly-civilized  state;  and  the  following  table  will  show  how  an  ad- 
mixture of  bread  and  meat  would  require  a  much  less  consumption  of  both, 
than  if  each  were  taken  separately : 

Grains  of  Carbon.       Grains  of  Nitrogen. 
15,440  grains  of  Broad  contnin      .         .         .  4030        .         .         154 

4,(i30  grains  of  Meat  contain       .         .         .  4(53         .         .         154 

50U3        .         .         808 

Thus  about  2  lbs.  of  bread  and  i  lb.  of  meat  are  amply  sufficient  to 
compensate  the  daily  losses  of  the  system  of  a  healthy  man.^     Hence  we 

'  De*  Substances  Alimentaires,  Paris,  1854. 

•  Sec  Bedard,  Traito  El^mcntaire  d«  Physiologie,  p.  570  ei  srq.  1802.  G.  Mover 
{7^\U.  f.  Biol  ,  Band  vii,  Hi'ft  1)  has  made  a  eeries  of  interestinij  observations  on  the 
effects  of  exclusive  bread  diet  on  man  and  dogs.     White  bread  furnished  a  smaller 
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see  the  immense  advantage  as  to  economy  of  food  which  a  fixed  agricultural 
population  possesses  over  those  wandering  tribes  of  hunters  which  still 
people  a  large  part  both  of  the  Old  and  New  Continents.  The  mixed  diet,  to 
which  the  inclination  of  man  in  temperate  climates  seems  usually  to  lead 
him  (when  circumstances  allow  that  inclination  to  develop  itself  freely), 
appears,  moreover,  to  be  fully  conformable  to  the  construction  of  his  dental 
and  digestive  apparatus,  as  well  as  to  his  instinctive  propensities.  And 
whilst  on  the  one  hand  it  may  be  freely  conceded  to  the  advocates  of 
"Vegetarianism"  that  a  well-selected  vegetable  diet  is  capable  of  producing 
(in  the  greater  number  of  individuals)  the  highest  physical  development  of 
which  they  are  capable,  it  may  on  the  other  hand  be  affirmed  with  equal 
certainty  that  the  substitution  of  a  moderate  proportion  of  animal  flesh  is  in 
no  way  injurious,  whilst,  so  far  as  our  evidence  at  present  extends,  this 
seems  rather  to  favor  the  highest  mental  development.  If  indeed  we  take  a 
comprehensive  survey  of  the  conditions  of  the  various  races  of  Man  at  pres- 
ent inhabiting  the  earth,  we  cannot  help  being  struck  with  his  adaptivenesB 
to  a  great  variety  of  circumstances,  as  regards  climate,  mode  of  life,  diet, 
etc.  And  we  can  scarcely  avoid  the  conclusion,  that  the  Creator,  by  con- 
ferring upon  him  such  an  adaptiveness,  intended  to  qualify  him  for  subsisting 
on  those  articles  of  diet,  whether  animal  or  vegetable,  which  are  most  readily 
attainable  in  different  parts  of  the  globe ;  and  thus  to  remove  the  obstacle 
which  a  necessary  restriction  to  any  one  kind  of  food  would  have  otherwise 
opposed  to  his  universal  diffusion. 

^o.  It  is  exceedingly  difficult  to  give  even  an  approximation  to  the  com- 
position of  the  ordinary  butcher's  meat  used  as  food,  since  the  analyses  of 
different  chemists  vary  considerably ;  some  selecting  the  muscles  alone  and 
the  heart,  others  taking  the  whole  bodv.  The  average  constitution  of  entire 
carcasses  of  butcher's  meat,  as  given  by  Messrs.  Laws  and  Gilbert,  the  fat 
being  included,  is : 


Animals  as  fattened  for  the 
butcher. 

Water. 

Drynitro^nous 
substance. 

Fat. 

Mineral  matter. 

Calf, 

Bullock, 

Lnnib, 

Sheep, 

Pig- 

626 
600 
605 
440 
385 

165 
160 
110 
125 
100 

166 
800 
S'lO 
400 
600 

45 
60 
85 
85 
15 

Moleschott  gives  the  following  as  the  composition  of  the  principal  aninial 
foods : 


In  1000  parts. 

Manimnls. 

Birds. 

Fish. 

Liver. 

Errs. 

Milk. 

Wntor,    .         .         .         . 

728  75 

729.83 

740.82 

720  06 

785.04 

861.58 

Albuminous  compounds, 

174.22 

202.61 

137  40 

128.20 

104.84 

89  48 

Collagen, 

31.59 

14  00 

43  88 

87.33 





Fat 

87.15 

19  46 

46.97 

85.04 

116.87 

49  89 

Carbohydrates, 











48.28 

Extractives,   . 

16  W 

21.11 

16.97 

65.26 

8.74 



Salts,       .         .        .        . 

11.39 

12.99 

14.96 

14.06 

10.61 

5.92 

amount  of  faeces,  containinc:  also  lp.e.«  nitrogen  than  Munich  rye  broad.  North  Ger- 
man black  broad,  or  theHorsford  Liobi^'s  broad,  buttho  feeling  of  hungor  after  four 
days  was  much  groater  than  with  the  other  kinds  of  bread.  It  was  found  impoM^ible 
to  trivo  sufficient  broad  to  maintain  the  individual  at  his  full  weight,  though  no  len 
than  94.4  per  cent,  of  the  dry  material  was  absorbed.  Soo  also  Dr.  Pavy  on  the 
Phyhiology  and  Tberapoutics'of  Food.  Lancet,  1871-72. 
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And  the  followiDg  as  representing  the  composition  of  the  principal  Vege- 
table foods : 


LeRuraes 

Id  1000  ]Mirt4L 

Corn  flonr. 

(dried  peas). 

Potatoes. 

Beetroot. 

Water,     . 

, 

.     150  00 



760 

822.60 

Albuminous  compounds, . 

.     132.60 

280 

10 

20.40 

Storih,     . 

.     606.80 

673 

180 

— 

Susrar,  Dextrin, 

.       54  80 





122.60 

Ollulose, 

.       'J6.60 

76 

40 

25.60 

Fat,          .        . 

.       16  80 

— 

— 

— 

Salts, 

.       12.50 

88 

10 

8.90 

According  to  Dr.  Lankester,*  21  oz.  of  wheat  are  required  to  make  1  lb. 
of  flour;  and  in  the  1  lb.  of  flour  there  are  contained — of  water  2J  oz., 
gluten  2  oz.,  albumen  k  oz.,  starch  9^  oz.,  sugar  1  oz.,  gum  i  oz.,  fat  ^  oz., 
fibre  J  oz.,  ashes  i  oz.  The  carbon  contained  in  1  lb.  of  flour  amounts  to 
7  oz.     Payen'  gives  the  composition  of  ox  heart  as  follows : 

Water, 74.674 

Mitrogenous  compounds, 17.911 

Fau, 6.155 

Mineral  substances, 1.260 

And  he  states  that  grilled  beefsteak  contains  : 

Water 69  89 

Nitrogenous  compounds, 22.93 

Fats, 5.19 

Hineral  substances, 1.05 

Non-nitrogenous  compounds,  sulphur,  and  loss,        .        .  1  04 

100  00 

Oysters,  which  are  very  digestible  and  highly  nutritious,  contain  80.4  parts 
of  water,  14  parts  of  nitrogenous  compounds,  1.5  parts  of  fat,  salts  2.7,  non- 
nitrogenous  compounds  and  loss  1.4.  According  to  M.  Chevreul,  the  com- 
position of  good  beef  tea  per  litre  (1.76  English  pint)  is: 

Water 985  600 

Solid  organic  substances,  dried  in  vacuo  at  68°  F.,  .         .         .       16  917 
SalU, 11.263 

Liebig  has  given  a  receipt  for  making  beef  tea  without  the  aid  of  heat,  which 
is  stated  to  be  highly  nutritious:  250  grammes  (3862  grains)  of  fresh  beef 
or  chicken  are  finely  minced  and  macerated  for  an  hour  in  560  grammes 
(8652  grains)  of  water,  to  which  4  or  5  drops  of  hydrochloric  acid  and  about 
15  grains  of  salt  have  been  added.  At  the  end  of  this  time  the  fluid  is  fil- 
ter^ through  a  hair  sieve  without  pressure.  The  residue  is  washed  with 
250  grammes  more  water.  About  500  gnimmes  (a  pint)  of  a  reddish,  agree- 
ably smelling  and  tasting  fluid  is  thus  obtained,  which  must  be  taken  cold. 
It  readily  decomposes.  Dr.  Marcet'  has  suggested  that  in  cases  where  the 
digestive  powers  are  feeble  the  process  of  digestion  should  be  carried  on  to 
some  extent  prior  to  its  introduction  into  the  stomach,  and  for  this  purpose 
recommends  that  to  1  lb.  of  roast  meat  finely  minced,  10  oz.  of  a  weak  so- 
lution of  hydrochloric  acid  (containing  232  grains  of  the  pure  acid,  sp.  gr. 
1.1496,  to  one  pint  of  water),  10  oz.  of  water  and  15  grains  of  pepsin  should 
be  added ;  the  whole  being  kept  for  three  hours  in  a  stone  jar  immersed  in 
boiling  water.  The  meat  is  thus  reduced  to  a  pulp,  which  will  keep  for  a 
day  or  two.  When  required  for  use  51  grains  of  dry  Sodium  Carbonate,  or 
81  grains  of  crystallized  Sodium  bicarbonate  must  be  added.     Of  late  years 

'  Guide  to  the  Food  Collection  in  the  South  Kensington  Museum,«p.  39. 

»  Jules  Cyr,  Traits  de  T Alimentation,  p.  47. 

•  A  New  Process  for  Preparing  Meat  for  Weak  Stomachs,  1867. 
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a  preparation  known  as  Liebig's  Extract  of  Meat  has  been  largely  intro- 
duced, and  with  beneficial  results,  into  the  military  commissariat  and  into 
the  dietary  of  the  sick.  It  is  made  at  Fray  Bentos  from  the  flesh  of  four- 
year  old  cattle,  of  the  Spanish  long-horned  breed,  greatly  improved  by 
crossing  with  English  breeds,  reared  on  the  grassy  plains  or  pampas  of  Uru- 
guay. A  full-grown  ox  yields  from  8  to  10  lbs.  of  extract  of  standard  com- 
position— that  is  to  say,  every  34  lbs.  of  pure  muscle  corresponding  to  45 
lbs.  of  meat  as  obtained  from  the  butcher  (including  fat,  tendons,  lieaments, 
cellular  or  connective  tissue,  and  horns),  yields  on  an  average  1  lb.  of  ex- 
tract. .  The  extract  contains  no  gelatin  anS  no  fat.  One  pound  is  sufficient 
to  produce  70  pints  of  good  beef  tea,  of  which  each  pint  contains  the  soluble 
ingredients  of  }  lb.  of  beef.*  Such  extract  can  communicate  a  strong  flavor 
of  meat  to  vegetable  soups,  and  contains  the  more  important  salts  of  flesh ; 
but  it  must  not  be  supposed  that  it  can  supply  the  place  of  a  corresponding 
quantity  of  meat  to  that  from  which  it  is  prepared,  since  it  contains  but  a 
small  proportion  of  albuminous  compounds.* 

6ij.  When  the  results  of  Experience,  then,  are  combined  with  the  teach- 
ings of  Science,  they  seem  to  justify  the  following  conclusions: 

I.  That  a  due  adjustment  of  the  Albuminous,  Oleaginous,  Saccharine, 
and  Saline  constituents  of  the  food  to  the  varying  conditions  under  which 
Man  exists  is  of  the  first  importance ;  whilst  the  question  of  the  derivation 
of  the  first  two  of  these  constituents  from  the  Animal  or  from  the  Vegetable 
kingdom,  is  one  of  secondary  character ;  each  being  capable  of  yielding 
them  in  adequate  amount,  and  the  only  condition  being  that  the  articles  of 
food  shall  be  so  selected  as  to  supply  the  needful  quantity.  At  the  same 
time  it  will  obviously  be  requisite  that  differences  should  be  made  in  the 
diet,  in  accordance  with  climatic  and  seasonal  variations.  For  when  the 
external  temperature  is  low,  an  ample  supply  of  oleaginous  matter  is  indi- 
cated, and  may  l>e  advantageously  taken  in  the  form  of  butter,  cocoa,  fat 
meat,  or  maize-bread.  On  the  other  hand,  during  the  heat  of  summer,  the 
more  nearly  the  diet  is  assimilated  to  that  of  the  natives  of  tropical  cli- 
mates, in  the  substitution  of  fruits  and  farinacea  for  oleaginous  articles,  the 
less  will  be  the  liability  to  disordered  health  in  the  autumn.' 

II.  Experience  teaches,  however,  that  it  is  not  a  matter  of  entire  indiffer- 
ence, whether  the  Albuminous  constituent  be  drawn  from  the  Animal  or 
from  the  Vegetable  kingdom  ;  for  the  use  of  a  highly-animalized  diet  has  a 
tendency  to  raiV,  and  that  of  a  vegetable  diet  to  lower,  the  proportion  of 
red  corpuscles  in  the  Blood ;  whilst,  by  a  due  adjustment  of  the  proportion 
of  the  two  classes  of  components,  the  evil  effects  of  the  exclusive  use  of 
either  may  be  prevented. 

III.  So,  again.  Experience  teaches  what  could  scarcely  have  been  antici- 
pated,theoretically:  namely,  that  notwithstanding  the  power  which  the  liv- 

*  Sen  a  pnmphlel  by  J.  L.  ^^\  Thudichum,  On  the  Origin,  Nature,  and  Uses  of 
Liobitc's  Extract  of  Meat.  1809. 

2  Sec  Edward  Smith  on  Foods,  in  King's  International  Scientific  Series,  1873. 

5  There  can  bo  no  doubt  that  a  hiru«»  proportir>n  of  the  diseases  of  the  digestive 
apparatus,  which  an»  so  fatal  anioni;  European  residents  in  India  and  other  tropical 
climates,  result  from  the  habitual  in^'sti'tn  of  a  much  larj;er  quantity  of  food,  and 
this  especially  of  a  rich  and  stimulaiini^  character,  than  the  system  requires.  The 
loss  of  appetite  consequent  upon  the  diminution  of  the  demand  for  combustive  ma- 
terial, is  set  dt>wn  to  the  d«'leteri<»Hs  influ«'nce  of  the  climate  ;  and  an  attempt  is  made 
to  neutralize  this  by  artificial  provocatives. — So,  it  seems  probable  that  many  of  the 
"  bilious  attacks,''  which,  in  this  country,  are  so  frequent  in  early  autumn,  and  which 
are  couim<»nly  set  down  to  the  account  of  fruit  (althoui;h  the  subjects  of  them  have 
often  abstained  entirely  from  that  article),  are  renlly  the  result  of  the  presence  of  an 
excess  of  hydrocarbonaceous  matter  in  the  system,  consequent  upon  overfeeding 
durins:  the  summer,  and  must  be  looked  upon  as  the  natural  means  by  which  il  is 
got  rid  of. 
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ing  body  possesses,  of  cod  verting  saccharine  compounds  into  oleaginous,  the 
ingestion  of  a  certain  amount  of  Oleaginous  matter  as  such  is  necessary,  or 
at  least  is  favorable,  to  the  maintenance  of  health.  We  see  this  provided 
in  large  quantity,  in  the  first  aliment  prepared  by  nature  for  the  ofr:*pring  of 
the  Mammalia ;  in  the  yolk  of  the  egg  of  all  Oviparous  animals ;  whilst,  as 
the  laborious  investigations  of  Messrs.  Lawes  and  Gilbert^  have  shown,  the 
amount  of  fat  contained  in  ordinary  butchers*  meat  of  good  quality,  to 
which  such  a  high  percentage  of  nitrogen  is  usually  attributed,  is  exceed- 
ingly great,  varying  from  one-third  to  one-half  of  its  weight.  In  the  ordi- 
nary diet  of  every  nation  on  the  globe, — whether  this  be  animal,  vegetable, 
or  mixed, — we  find  one  or  more  articles  of  an  oleaginous  nature  ;  and  there 
is  a  natural  craving  for  such  substances  when  they  are  completely  withheld, 
which  indicates  that  they  serve  some  important  purpose  m  the  economy. 
Although  this  craving  is  so  far  aflfected  by  climate  that  it  leads  to  the  largest 
consumption  of  oily  matter  where  the  extreme  of  cold  has  to  be  endured,  it 
exbts  with  no  less  intensity  even  in  tropical  regions ;  and  we  find  the  Hin- 
doo adding  his  modicum  of  "ghee"  (or  rancid  butter  made  from  bisons' 
milk)  to  the  rice  which  constitutes  his  staple  article  of  diet,  with  the  same 
relish  that  the  Esquimaux  feels  for  his  massive  lumps  of  blubber. — It  does 
not  seem  diflScult  to  understand  the  rationale  of  this  fact.  For  whilst  the 
Adipose  and  Nervous  tissues  are  the  only  portions  of  the  Animal  fabric  into 
which  fatty  matter  enters  in  any  considerable  proportion,  yet  its  presence 
has  an  important  influence  on  the  assimilation  of  albuminous  matters,  and 
seems  essential  to  every  act  of  tissue  formation.  There  is  strong  and  in- 
creasing reason  to  believe  that  a  deficiency  of  oleaginous  matter,  in  a  state 
fit  for  appropriation  by  the  nutritive  processes,  is  a  fertile  source  of  diseased 
action,  especially  of  that  of  a  tuberculous  character ;  and  that  the  habitual 
use  of  it  in  a  larger  proportion  would  operate  favorably  in  the  prevention 
of  such  maladies^  as  the  employment  of  cod-liver  oil  unquestionably  does  in 
their  cure.  A  most  remarkable  example  of  this  is  presented  by  the  popula- 
tion of  Iceland ;  which,  notwithstanding  the  concurrence  of  every  one  of 
the  circumstances  usually  considered  favorable  to  the  scrofulous  diathesis, 
enjoys  a  most  remarkable  immunity  from  it, — without  any  other  assignable 
cause  than  the  peculiarly  oleaginous  character  of  the  diet  usually  employed. 
IV.  Another  of  the  results  of  Experience,  of  which  Scielice  has  not  yet 
given  a  definite  rationale,  is  the  necessity  of  employing /re*f/i  vegetables  as  an 
article  of  Diet ;  the  almost  invariable  consequence  of  the  entire  omission 
of  them,  being  the  development  of  that  peculiar  constitutional  disorder 
which  is  known  as  Sainnj,^  That  the  deficiency  of  something  which  fresh 
vegetables  can  alone  supply  is  the  essential  cause  of  this  disease  (its  o^^era- 
tion  being  promoted,  however,  by  other  conditions,  such  as  absolute  defici- 
ency of  food,  confinement,  bad  ventilation,  depression  of  spirits,  etc.),  may 
now  be  regarded  as  a  well-established  fact;  and  it  is  one  which  ought  to 
have  an  iraj)ortant  influence  on  our  dietetic  arrangements.  For  if  the  total 
withdrawal  of  these  articles  be  productive  of  such  a  fearful  depravation  of 
the  blood  as  perverts  every  function  to  which  the  blood  is  subservient,  a 
diminution  of  them  below  the  standard  requisite  for  the  maintenance  of 
health  must  necessarily  involve  a  depravation  similar  in  kind  though  less 
aggravated  in  degree;  and  this,  if  slight,  may  be  expected  to  manifest  itself, 
not  so  much  in  the  pro<luction  of  idiopathic  disorders,  as  in  favoring  any 
peculiar  tendency  to  disease  which  may  exist  in  the  system,  and  in  prevcnt- 
mg  or  retarding  recovery.'     The  employment  of  fresh  fruits  and  of  green 

"  Phil.  Trans.,  1859,  pt.  ii,  p.  495. 

'  Fur  a  full  inquiry  into  this  subject,  see  the  Brit,  and  For.  Med.-Chir.  Bev.,  vol. 
ii,  p.  489. 
•  This  <*  scorbutic  tendency*'  was  fully  recognized  by  the  past  generation  of  Pby- 
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vegetables  seems  especially  indicated,  where  a  geueral  chronic  disorder  of 
nutrition  indicates  a  perverted  condition  of  the  circulating  material ;  and 
especially  where  there  is  a  disposition  to  chronic  inflammation,  induration, 
and  ulceration,  in  different  parts  of  the  body. 

V.  Finally,  then,  a  well-arranged  dietetic  scheme  ought  to  consist  of  such 
a  combination  of  the  Albuminous,  Oleaginous,  and  Farinaceous  constituents, 
as  is  most  appropriate  to  the  requirements  of  the  system; — a  larger  measure 
of  both  the  albuminous  and  farinaceous  or  oily  being  8upplie<l,  when  an  un- 
usual amount  of  nervo-muscular  exertion  is  put  forth,  and  this  supply  being 
in  the  latter  case  most  advantageously  derived  from  animal  Aesh; — a  larger 
measure  of  the  oleiginous  being  required  for  the  sustentation  of  the  heat  in 
a  frigid  atmosphere,  and  this  being  supplied  equally  well  by  the  Vegetable 
kingdom  as  by  the  Animal; — and  a  larger  proportion  of  the  farinaeeoun^  as 
a  substitute  for  the  oleaginous,  being  mo:*t  favorable  to  health  under  a  high 
atmospheric  temperature.  An  habitual  excess  in  the  use  of  either  of  these 
constituents,  above  what  the  demands  of  the  system  require,  tends  towards 
the  production  of  a  particular  ^Miathesis"  or  con.stitutional  state,  which 
may  manifest  itself  in  a  great  variety  of  modes.  Thus,  an  excess  of  the 
albuminous  components,  such  as  is  only  likelv  to  occur  when  too  large  a  pro- 
portion of  animal  food  is  employed,  undoubtedly  favors  the  arthritic  dia- 
thesis, which  seems  to  consist  in  the  presence  of  imperfectly  assimilated 
histogenetic  substances  and  wrongly  metamorphosed  products  of  disintegtB- 
tion,  that  are  not  duly  eliminated  through  the  kidneys;  and  this  diathesis 
not  only  displays  itself  in  gout  and  gravel,  but  modifies  the  course  of  other 
diseases.  So  again.,  an  excess  of  the  oleaginous  constituents  of  the  food 
tends  to  the  production  of  the  bilious  diathesis,  in  which,  through  the  io- 
sufiicient  elimination  of  hydrocarbonaceous  matters,  the  blood  becomes 
charged  witli  the  elements  of  bile.  The  excess  of  farinaceous  matters,  more* 
over,  esj)ecially  when  combined  with  a  deficiency  of  the  albuminous  (as  it 
too  frequently  is  among  those  who  are  obliged  by  necessity  to  live  chiefly 
upon  a  "poor"  vegetable  diet),  tends  to  the  production  of  the  rheumatic  dia- 
thesis; which  seems  to  consist,  like  the  arthritic,  in  the  mal-assimilation  and 
wrong  metamorphosis  of  the  components  of  the  tissues,  but  to  be  especially 
favored  by  the  presence  either  of  lactic  acid,  or  of  some  other  product  of 
the  metamorphosis  of  the  saccharine  compounds.  And,  as  already  pointed 
out,  the  deficiency  of  oleaginous  matters  seems  to  tend  to  the  development 
of  the  scrofulous  diathesis;  and  that  of  fruits  and  fresh  vegetables  to  the 
production  of  the  scorbutic,^ 

eicinns,  who  j>rneticp<l  in  tho?o  good  old  timos  \vlu»n  potntors  wero  h  luxury  and  gnen 
vegetables  in  the  winter  }ilmo»t  unknown,  when  the  middle  clnsses  fed  upon  Mltod 
meat  during  n  great  part  ot*  the  year,  and  when  sagacious  old  women  prescribed 
nettle-lea  and  scurvv-grass,  with  a  course  of  lenitive  "spring-physic,**  for  the 
*'  cleansing  of  the  blood." 

*  It  is  worthy  of  remark  that  in  the  times  when  even  the  wealthy  lived  during 
four  or  five  mtrnths  of  the  year  almost  exelujively  upon  meat,  bread,  and  flour-pud- 
dings, and  when,  therefore,  the  diet  was  far  too  highly  azotized,  as  well  as  deficient  in 
fresih  vegetables,  Arthritic,  Calculous,  and  Scorbutic  di^order8  were  much  more  com- 
m»)n  than  at  present.  The  introduction  and  universal  employment  of  the  potato  hat 
uncjU<*>tionably  done  much  to  correct  these  two  tendencies  ;  on  the  one  hand,  by  dilut- 
ing th»'  azotized  constituents  of  the  food,  so  that,  with  the  same  bulk,  a  much  smaller 
pro]>ortion  of  these  is  now  introduced  ;  and  on  the  other,  by  supplying  to  the  blo«id 
some  cltMnent  which  is  essential  to  the  nniintenance  of  its  healthy  condition.  But 
with  the  diminution  ol  the  Arthritic  diathesis,  which  the  experience  of  our  older  prac- 
titioner-i,  and  the  medical  writings  of  the  last  century,  indicate  a?  having  taken  place 
during  that  period,  there  has  lu-en  an  increase  in  the  Kheumatic ; — a  change  which 
seems  to  have  a  close  relation  to  this  alteration  in  diet.  And  it  seems  not  improb- 
able, too,  that  i\m  alteration  has  also  much  to  do  with  that  diminished  power  of  sus- 
taining active  depletory  treatment,  which,  according  to  the  obicrvations  of  prtcti- 
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67.  The  absolute  quantity  of  Food  required  for  the  maintenance  of  the  Hu- 
man body  in  health,  varies  so  much  with  the  age,  sex,  constitution,  and  habits 
of  the  individual,  and  with  the  circumstances  in  which  he  may  be  placed,  that 
it  would  be  absurd  to  attempt  to  fix  any  standard  which  should  apply  to 
every  particular  case.  The  appetite  is  the  only  sure  guide  for  the  supply  of 
the  wants  of  each  ;  but  its  indications  must  not  be  misinterpreted.  To  eat 
when  we  aoe  hungry,  is  an  evidently  natural  disposition  ;  but  to  eat  as  long 
as  we  are  hungry,  may  not  always  be  prudent.  Since  the  feeling  of  hunger 
does  not  depend  so  much  upon  the  state  of  fulness  or  emptiness  of  the 
stomach,  as  upon  the  condition  of  the  general  system,  it  appears  evident  that 
the  ingestion  of  food  cannot  at  ance  produce  the  effect  of  dissipating  it, 
though  it  will  do  so  after  a  short  time ;  so  that,  if  we  eat  with  undue  rapidity, 
we  may  continue  swallowing  food  long  after  we  have  taken  as  much  as  will 
really  be  required  for  the  wants  of  the  system  ;  and  every  superfluous  particle 
is  not  merely  useless  but  injurious.  Hence,  besides  its  other  important  ends, 
the  process  of  thorough  mastication  is  important,  as  prolonging  the  meal, 
and  thus  giving  time  to  the  system  to  be  made  acquainted  (as  it  were)  that 
the  supply  of  its  wants  is  in  progress ;  so  that  its  demands  may  be  abated 
in  due  time  to  prevent  the  ingestion  of  more  than  is  required.  It  is  very 
justly  remarked  by  Dr.  Beaumont,  that  the  cessation  of  this  demand,  rather 
than  the  positive  sense  of  safety,  is  the  proper  guide.  "  There  appears  to 
be  a  sense  of  perfect  intelligence  conveyed  to  the  encephalic  centre,  whieh, 
in  health,  invariablv  dictates  what  quantity  of  aliment  (responding  to  the 
sense  of  hunger  and  its  due  satisfaction)  is  naturally  required  for  the  pur- 
poses of  life;  and  which,  if  noticed  and  properly  attended  to,  would  prove 
the  most  salutary  monitor  of  health,  and  effectual  preventive  of  disease.  It 
is  not  the  sense  of  satiety,  for  this  is  beyond  the  point  of  healthful  indul- 
gence, and  is  Nature's  earliest  indication  of  an  abuse  and  overburden  of  her 
powers  to  replenish  the  system.  It  occurs  immediately  previous  to  this ;  and 
may  be  known  by  the  pleasurable  sensations  of  perfect  satisfaction,  ease, 
and  quiescence  of  body  and  mind.  It  is  when  the  stomach  says,  enough; 
and  it  is  distinguished  from  satiety  by  the  difference  of  sensations, — the 
latter  saying  too  much."  p]very  medical  man  is  well  aware  how  generally 
this  rule  is  transgressed  ;  some  persons  making  a  regular  practice  of  eating 
to  repletion;  and  others  paying  far  too  little  attention  to  the  preliminary 
oj)erations,  and  thus  ingesting  more  than  is  good  for  them,  even  though  they 
may  actually  leave  off  with  an  appetite. 

6S.  Although  no  universal  law  can  be  laid  down  for  individuals,  it  is  a 
matter  of  much  practical  importance  to  be  able  to  form  a  correct  average 
estimate.  But  even  this  is  given  somewhat  differently  by  difiereut  observers. 
Dr.  Dalton,  for  instance,*  states  that  the  entire  quantity  of  food  required 
every  24  hours  by  a  man  in  full  health  and  taking  free  exercise  is,  of  meat 
16  oz.  a  v.,  bread  19  oz.,  fat  3i  oz.,  and  of  water  52  fl.  oz.,  that  is,  about 
2J  lbs.  of  solid  food,  and  rather  more  than  3  pints  of  fluid.  Vierordt"  con- 
siders the  adult  to  be  well  nourished  if,  with  moderate  exercise,  he  receives 
daily  about  4  oz.  of  dry  albumen,  3  oz.  of  fat,  Hi  oz.  of  some  starchy  sub- 
stance, and  about  1  oz.  of  salts,  which*  gives  a  proportion  of  one  part  of 

lioncrs  of  long  expcrionco,  characterizes  tho  present  cjeneration  as  compared  with 
iho  preceding.  But  whilst  there  is  a  dimini.>hed  capability  of  bearing  larijo  blood- 
lettings, violent  purgation,  etc.,  there  is  at  the  same  time  such  an  increased  icndency 
to  A  iHVoruble  termination  in  many  of  those  diseases  for  which  they  wr-re  loiinerly 
ftci'uunted  necessary,  as  should  remove  all  regret  at  this  change  of  constitution. — On 
th«»  question  of  *'  Vegetarianism,"  tho  author  may  refer  to  his  articles  on  that  sub- 
ject in  the  Brit,  and  For.  Med.-Chir.  Rev.,  vol.  vi,  pp.  7G  and  399. 

»  Phyfiology,  18G1,  p.  97.  *  Grundriss  d.  Phys.,  1860,  p.  192. 
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nitrogenous  to  three  and  a  half  parts  of  non-nitrogenous  food.  If  to  this 
al)out  6  pints  of  water,  and  the  oxygen  taken  up  in  the  act  of  respiration, 
which  he  estimates  at  1}  lb.,  be  added,  we  shall  obtain  a  total  of  about  ^'^th 
of  the  weight  of  the  body  consumed  in  24  hours.  It  is  from  the  experience 
afforded  by  the  usual  consumption  of  food  by  large  bodies  of  men  that  our 
best  data  are  obtained  ;  and  tnese  data  are  sufficient  to  enable  us  to  predict 
with  tolerable  accuracy  what  will  be  required  by  similar  aggregations,  though 
they  can  afford  no  guide  to  the  consumption  of  individuals.  We  shall  first 
consider  the  quantity  sufficient  for  men  in  regular  active  exercise;  and  then 
inquire  how  far  that  may  be  safely  reduced,  for  those  who  lead  a  more  seden- 
tary life. — The  Diet-scale  of  the  British  Navy  may  be  advantageously  taken 
as  a  specimen  of  what  is  required  for  the  first  class.  It  is  well  known  that 
an  extraordinary  improvement  has  taken  place  in  the  health  of  seamen 
during  the  last  eighty  years ;  so  that  three  ships  can  now  be  kept  afloat,  with 
only  the  same  number  of  men  as  were  formerly  required  for  two.  This  is 
due  to  the  improvement  of  the  quality  of  the  food,  in  combination  with 
other  prophylactic  means.  At  present,  it  may  safely  be  affirmed  that  it 
would  not  be  easy  to  construct  a  diet-scale  more  adapted  to  answer  the  re- 
quired purpose.  The  health  of  crews  that  have  long  been  afloat,  and  have 
been  exposed  to  every  variety  of  external  conditions,  appears  to  be  preserved 
(at  least  when  they  are  under  the  direction  of  judicious  officers)  to  the  foil 
a*  well  as  that  of  persons  subject  to  similar  vicissitudes  on  shore;  and  there 
can  be  no  complaint  of  insufficiency  of  food,  although  the  allowance  cannot 
be  regarded  as  superfluous.  It  consists  of  from  31  to  351  oz.  of  dry  nutri- 
tious matter  daily ;  of  this,  26  oz.  are  vegetable  and  the  rest  animal ;  and 
it  contains,  as  does  also  that  of  the  English  soldier,  5  oz.  of  Nitrogenous 
com|)ounds  and  10  oz.  of  Carbon.  The  ordinary  diet  of  the  Dutch  soldier 
contains  5  oz.  of  Nitrogen  compounds  and  101  oz.  of  carbon  in  war,  but  in 
peace  only  31  oz.  of  the  former;  the  French  soldier,  41  oz.  and  12  oz.; 
Greenwich  pensioner,  31  oz.  and  10  oz. ;  Chelsea  pensioner,  4 oz.  and  9J  oz.; 
the  old  men  of  Gillespie's  hospital,  in  Edinburgh,  3  oz.  and  10  oz.  Paupers. — > 
Taking  the  average  of  all  the  workhouses  in  the  kingdom,  3|  oz.  of  Nitroge- 
nous comjmuuds  and  81  oz.  of  Carbon.  The  boys  of  the  Royal  Naval  School, 
at  Greenwich,  21  oz.  and  71  oz. ;  and,  finally,  the  boys  of  Christ's  Hospital, 
in  Ix>ndon,  have  only  21  oz.  of  Nitrogenous  compounds  and  7  oz.  of  Carbon 
in  their  food.*  Liebig*  estimates  that  a  laborer  of  140  lbs.  weight  requires 
for  his  sufficient  nourishment  202-5  grains  of  albuminates  daily.  The  Eng- 
lish navvies  who  constructed  the  railway  at  Balaclava,  and  astonished  both 
the  French  and  English  soldiers  by  the  amount  of  work  thev  accomplished, 
consumed  daily  from  2325 — 2462  grains  of  albuminates.  l*he  men  in  the 
Munich  breweries  consume  on  an  average  2o58  grains  of  albuminates  per 
diem.  In  the  case  of  Prisoners,  the  diet  should  be,  of  course,  as  spare  as 
possible,  consistently  with  health  ;  but  it  should  be  carefully  modified,  in 
individual  cases,  according  to  several  collateral  circumstances,  such  as  de- 
pression of  mind,  compulsory  labor,  previous  intemi>erate  habits,  and  espe- 
cially the  length  of  confinement.  It  has  been  supposed  by  some,  that  pris- 
oners require  a  fuller  diet  than  persons  at  large ;  this  is  probably  errcmeous; 
but  more  variety  is  certainly  desirable,  to  counteract,  as  far  as  possible,  the 
depressing  infiuence  of  their  condition  upon  the  digestive  powers.  The  evil 
efli'ct  of  an  undue  reduction  in  the  supply  of  food,  and  of  insufficient  atten- 
tion to  its  quality,  has  unfortunately  b(H»n  too  frequently  displayed  in  our 
prisons;  a  notable  example  of  which  will  be  hereafter  alluded  to  (§  81). 


^  L»nko>t(>r  in  Guide  to  the  Food  Collection  of  the  South  Kensington  Museum. 
«  Lance!,  1809,  vol.  i,  p.  6. 
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From  the  information  collected  by  Dr.  Edward  Smith  for  the  Government/ 
it  is  ascertained  that  some  people  eat  ten  times  more  food,  in  point  of  nutri- 
ment, than  others,  and  that  in  whole  classes  of  the  community  a  difference 
of  one-hall'  in  the  amount  obtained  by  the  lowest  fed  is  common.  From  the 
extended  experiments  which  he  has  made  on  the  amount  of  Carbon  daily 
eliminated  by  men  in  good  health  during  the  middle  period  of  life  when  at 
perfect  rest,  it  appears  that  it  amounts  to  7.9  oz.,  with  the  estimated  exer- 
tion of  the  middle  and  light  laboring  classes  to  9.5  oz.,  and  with  the  esti- 
mated exertion  of  the  hard  laboring  classes  to  12.5  ounces.  On  an  exami- 
nation of  the  nature  of  the  food  actually  consumed  by  these  classes,  it  was 
found  that  the  proportion  of  Carbon  present  was  approximately  represented 
by  the  above  numbers ;  indoor  laborers,  as  cotton  and  silk  operatives,  needle- 
women, and  shoemakers,  consuming  about  10.5  oz.,  and  agricultural  laborei-s 
in  England,  13.2  oz. ;  in  Great  Britain  and  Ireland,  14.1  oz.  Hence  it  may 
be  stated  that  the  adult  body  requires  an  average  minimum  daily  amount 
of  Carbon  of  91  to  lOi  ounces  in  the  middle  and  light  laboring  classes,  and 
of  12}  to  14  ounces  in  the  ordinary  hard  laboring  classes,  that  is  from  25  to  30 
grains  per  lb.  weight  of  the  whole  body.  It  is  interesting  to  notice  that  the 
infant  consumes  no  less  than  136  grains  of  Carbon  for  each  pound  of  body 
weight,  a  proportion  three  to  four  times  greater  than  that  actually  obtained 
bv  the  poor  in  adult  life.  As  regards  the  amount  of  Nitrogen,  Dr.  Smith's 
obflervations  show  that  about  200  grains  of  Nitrogen  are  used  up  daily  in 
the  working  of  the  body  by  the  light  laboring  classes,  whilst  in  the  middle 
and  well-fed  classes  the  total  evacuation  by  all  the  excretions  was  260  grains. 
The  actual  amount  obtained  in  food  by  the  indoor  classes  was  183  grains, 
and  by  the  outdoor  laborers  in  England  242  grains ;  and  hence  we  may 
place  the  requirements  of  the  adult  body  daily  at  200  grains  with  light  occu- 
pation, and  250  grains  for  ordinarily  hardworking  laborers,  or  from  1  to  li 
grain  per  lb.  of  body  weight.  The  proportion  of  Nitrogen  to  the  body  weight 
consumed  by  the  infant  appears  to  be  about  six  times  greater  than  that  of 
the  adult  The  amount  of  mineral  constituents  including  chlorine,  phos- 
phoric and  sulphuric  acids,  potash,  soda,  lime,  and  magnesia  daily  required, 
as  estimated  by  the  amount  excreted,  varies  from  about  200  to  600  grains. 
Lastly,  about  6  lbs.,  or  nearly  tive  pints,  of  water  per  day  are  necessary  with 
moderate  exertion  and  temperature.  The  following  is  a  dietary  furnished 
by  D.  Smith,^  which  he  considers  may  be  taken  as  the  substantial  part  of  a 
pro[>er  and  mo<lerate  quantity  of  food  for  a  man  in  good  health  with  a  good  ap- 
petite, and  making  a  moderate  degree  of  exertion :  Breakfast. — if  pint  of  milk ; 
i  pint  of  water  with  coffee  or  tea ;  bread,  4  oz.  to  6  oz. ;  butter,  i  oz. ;  sugar, 
}  oz. ;  bacon,  3  oz.,  or  eggs,  4  oz.,  or  cooked  meat,  3  oz.  Dinner. — Cooked 
meat,  4  oz.  to  6  oz. ;  i)otatoes,  8  oz. ;  bread,  3  oz.  to  4  oz. ;  pudding,  8  oz. ; 
cheese,  i  oz. ;  soup,  6  oz. ;  water  or  beer,  i  pint.  Tea. — Water  with  tea,  J 
pint ;  sugar,  i  oz. ;  milk  or  cream,  2  oz. ;  bread,  3  oz. ;  butter,  i  to  i  oz. 
Supj}pr, — Milk,  }  pint;  oatmeal,  1  oz.,  and  bread  3  oz.  to  4  oz.,  or  egg^,  4 
oz.,  or  cooked  meat,  3  oz.,  and  bread,  3  oz. ;  butter  or  cheese,  J  oz. ;  water 
or  beer. 

69.  The  smallest  quantity  of  food  upon  which  life  is  known  to  have  been 
supported  with  vigor  during  a  prolonged  period,  is  that  on  which  Cornaro 
states  himself  to  have  subsisted  ;  this  was  no  more  than  12  oz.  a  day,  chiefly 
of  vegetable  matter,  with  14  oz.  of  light  wine,  for  a  period  of  58  years.  There 
is  another  well-known  case  (that  of  Thomas  Wood,  the  miller  of  Billerieay, 
reported  to  the  College  of  Physicians  in  1767  by  Sir  George  Baker),  in  which 


>  See  Practical  Dietary,  1804,  p.  20. 

'  For  numerous  otlicrdietaries,  see  Pavy,  A  Treatise  on  Food,  1H74. 
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a  remarkable  degree  of  vigor  was  sustained  for  upwards  of  eighteen  years, 
upon  no  other  nthrinicnt  than  10  oz.  of  Hour  (containing  about  14  oz.  of  dry 
solids)  made  into  a  pudding  with  water,  no  other  liquid  of  any  kind  being 
taken.  There  are  probably  few,  however — at  least  among  those  whose  avo- 
cations require  much  mental  or  bodily  exertion — who  could  long  persevere 
in  such  a  diet.  Still  it  is  certain  that  life  with  a  moderate  amount  of  vigor 
may  be  preserved  for  some  time  on  a  very  limited  allowance  of  food  ;  this 
appears  from  the  records  of  shipwreck  and  similar  disasters.  In  regard, 
however,  to  those  who  have  been  stated  to  fast  for  a  |)eriod  of  months  or  even 
years,  taking  no  nutriment,  but  maintaining  an  active  condition,  it  may  be 
safely  asserted  that  they  were  impostors,  probably  possessing  unusual  powers 
of  abstinence  which  they  took  means  to  magnify. 

70.  Of  the  quantity  which  can  be  devoured  at  one  time,  this  is  scarcely 
the  place  to  sjK'ak;  since  such  feats  of  gluttouy  only  demonstrate  the  extra- 
ordinary capacity  which  the  stomach  may  be  made  to  attain  by  continual 
practice.  Many  amusing  instances  are  related  by  Captain  Parry  in  his 
Arctic  Voyages;  in  one  case  a  young  Rsquimaux,  to  whom  he  had  given 
(for  the  sake  of  curiosity)  his  full  tether,  devoured  in  four-and-twenty  hours 
no  less  than  35  lbs.  of  various  kinds  of  aliment,  including  tallow  candles. 
A  case  has  more  recently  been  published  of  a  Hindoo,  who  can  eat  a  whole 
sheep  at  a  time;  this  probably  surpasses  any  other  instance  on  record.  The 
half-breed  royageurs  of  Canada,  according  to  Sir  John  Franklin,  and  the 
wandering  Cossacks  of  Siberia,  as  testified  by  Captain  Cochrane,  habitually 
devour  a  quantity  of  animal  food  which  would  be  soon  fatal  to  any  one  un- 
used to  it.  The  former  are  spoken  of  as  very  discontented,  when  put.  on  a 
short  allowance  of  8  lbs.  of  meat  a  day;  their  usual  consumption  being  from 
12  to  20  n)s. — That  a  much  larger  quantity  of  food  than  that  formerly  speci- 
fied, may  be  habitually  taken  with  perfect  freedom  from  injurious  conse- 
quences, under  a  particular  system  of  exercise,  etc.,  appears  from  the  ex- 
I)erience  of  those  who  are  trained  for  feats  of  strength,  pugilistic  encounters, 
etc.  The  ordinary  belief  that  the  Athletic  constitution  cannot  be  long  main- 
tained, ap{)ears  to  have  no  real  foundation;  nor  does  it  apiXMir  that  any  ulti- 
mate injury  results  from  the  system  being  persevered  in  for  some  time.  That 
"tniined*' men  often  fall  into  bad  health  on  the  cessation  of  the  plan,  is 
probably  owing  in  part  to  the  intemperance  and  other  bad  habits  of  persons 
of  the  class  usually  subjected  to  this  discipline.  The  effects  of  trainers'  regi- 
men are  hardness  and  firmness  of  the  muscles,  clearness  of  the  skin,  capa- 
bility of  bearing  continued  severe  exorcise,  and  a  feeling  of  freedom  and 
lightness  (or  "corkiness")  in  the  limbs.  During  the  continuance  of  the 
system,  it  is  found  that  the  body  recovers  with  wonderful  facility  from  the 
effects  of  injuries;  wounds  heal  very  rapi<lly;  cutaneous  eruptions  usually 
disapi)ear.  Clearness  and  vigor  of  nnnd,  also,  are  stated  to  be  results  of 
this  plan.*  The  injurious  efibots  oi)served  in  those  who  suddenly  engage  in 
trials  of  strength  and  endurance,  as  in  rowing,  running,  and  gymnastics,  are 

*  The  iiM'tliod  of  traininfij  oiiiployod  by  Jiickson  (a  ci'lebratod  trainer  of  prize 
fii;htors  ill  iiiudorn  tiinvs),  as  d<>diu:4'd  tVoin  his  answers  to  questions  put  to  him  by 
John  B«*ll.  wa*  lo  b«-nin  on  a  cU-ar  roiindation  by  an  emetic  and  two  or  three  purges. 
IJeet'iiiid  liiulton,  the  lean  of  fat  meat  hi'ing  preterred,  constituted  the  prinei|iul  fmni; 
veal,  lamb,  and  pork  were  sai*!  to  be  b'ss  dii;e>til»le  (''the  hist  purpt»«  some  men  "). 
Fi>h  was  said  to  be  a  "  watery  kind  of  di<'t  :'■  and  is  employed  by  jockeys  who  Mihh  to 
reduce  weight  by  sweatim^.  8tale  bread  was  the  only  vegetable  fo*Ki  allowed.  The 
quantity  of  fluid  permitted  was  oA  pints  ;>/'/•  tlirm ;  l)Ut  fermented  liquors  were  strictly 
forbidd<*n.  Two  full  nn-aU,  with  a  litjlil  >upper,  wen*  usually  taken.  The  quantity 
of  «'X»Tti>e  employj'd  wa^  very  con>id«Table.  and  such  as  few  men  of  ordinary  strength 
could  endure  — Thi-*  account  corresponds  very  much  with  that  which  Hunter  gave 
of  the  North  American  Indians,  when  about  to  set  forth  on  a  long  march. 
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probably  attributable  to  their  being  undertaken  by  young  persons  who  have 
undergone  an  insufficient  amount  of  training,  and  who  exhaust  themselves 
by  exerting  their  whole  nervous  energies,  or  who  induce  some  physical  de- 
rangement of  the  vascular  or  respiratory  system,  by  the  violent  muscular 
efforts  put  forth.* 

71.  It  is  not  enough  for  the  healthy  support  of  the  body,  that  the  Food 
ingested  should  contain  an  adequate  proportion  of  alimentary  constituents ; 
it  is  important  that  these  should  be  in  a  wholesome  or  undecomposing  state. 
Thus  from  Mr.  Gamgee's  inquiries  it  appears*  that  the  sale  of  meat  derived 
from  animals  who  have  suffered  from  the  recently  prevalent  diseases,  pleuro- 
pneumonia and  typhoid  fever,  is  lamentably  common  even  in  the  London 
markets;  and  it  has  been  well  stated'  that  ''although  it  may  be  difficult  to 
prove  it  by  actual  cases,  there  can  be  no  doubt  that  unwholesome  meat  is 
one  cause  amongst  many  of  the  debility  and  cachexies,  the  poverty  of  blood 
and  intractable  maladies  of  the  poor  who  fiock  to  the  dispensaries  and  paro- 
chial medical  officers,  and  especially  of  diarrhcea  during  hot  weather." 
Many  instances  of  this  kind  have  been  recorded  ;*  and  the  risk  is  quite  suf- 
ficieot  to  justifjr  a  strict  prohibition  of  the  use  of  any  such  article. — ^That 
meat  which  is  simply  putrescent  is  to  be  considered  as  injurious  jocr  se,  when 
habitually  employed,  is  scarcely  a  matter  of  reasonable  doubt.  It  is  true 
that  some  nations  are  in  the  habit  of  keeping  their  meat  until  it  is  tainted, 
having  a  preference  for  it  in  that  condition,  which  seems  to  have  grown  out 
of  the  supposed  necessity  for  thus  employing  it;  a  preference  which  has  its 
parallel  among  the  epicures  in  our  own  country,  who  consider  the  haut  godt 
essential  to  the  perfection  of  their  venison  or  woodcock.  One  of  the  most  re- 
markable examples  of  this  kind  among  a  civilized  people,  is  furnished  by  the 
inhabitants  of  the  Faroe  Islands;  who.  according  to  the  report  of  Dr.  Panum, 
who  has  investigated  their  Sanitary  condition,  live  during  a  large  part  of 
the  year  upon  meat  in  a  state  of  incipient  decomposition,  and  introduce  rast, 
or  half  decayed  maggoty  flesh,  fowl,  or  fish,  as  a  special  relish  at  the  end  of 
a  meal.^  The  result  of  such  a  diet  is  (as  might  be  anticipated)  a  continual 
disorder  of  the  digestive  organs,  manifesting  itself  especially  by  diarrhcea, 
which  also  complicates  the  course  of  other  diseases,  and  even  becomes,  from 
its  obstinacy  and  exhausting  character,  their  most  serious  occurrence.  More- 
over, the  Faroese  are  peculiarly  liable  to  suffer  severely  from  epidemics, 
when  these  are  introduced  among  them.  Hence,  notwithstanding  that  the 
usual  rate  of  mortality  is  very  low  (only  1  in  64§  annually),  it  is  obvious 
that  there  is  a  certain  constitutional  condition  among  them  which  peculiarly 
favors  the  reception  and  propagation  of  zymotic  poisons;  and  it  is  quite  con- 
formable to  the  principles  elsewhere  laid  down,  to  attribute  this  to  the 
habitual  introduction  of  putrescent  matter  with  the  food.  It  is  probable, 
indeed,  that  if  it  were  not  for  the  active  lives  of  the  Faroese,  and  their 
habitual  ex[)osure  to  a  low  external  temperature,  the  direct  effects  of  their 
diet  would  be  far  more  prejudicial  than  they  are;  but  a  large  part  of  these 
are  probablv  neutralized  by  that  activity  of  respiration  which  the  habits  of 
life  of  this  fiardy  i>eople  induce,  much  of  the  noxious  matter  being  decom- 

*  St-cSkey'i*  Letter  nnd  subsoqucnt  discussion  in  Times  of  October,  1867. 

*  Cattle  Plague  and  Diseased  Meat.  Letter  to  Sir  George  Grey,  1837,  quoted  in 
MrtJ.-Chir.  Rev.,  1858. 

'Inn  Report  of  the  Committee  of  the  Metropolitan  Association  of  Medical  Officers 
of  Health. 

«  See  Ann.  d'Hygiene,  1829,  ii,  p.  267;  1834,  ii,  69;  also  Taylor  in  Guy's  Hospital 
R<>port»,  April,  1818. 

*  See  Dr.  Panum 's  Observations  on  nn  Epidemic  of  Measles  in  the  Fiiroo  Islands, 
in  the  Bibliothek  for  Lspgr.,  1840  ;  of  which  an  analysis  is  given  in  the  Brit,  and  For. 
Med  -Chir.  Rev.,  vol.  vil,  p.  419. 
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posed  and  eliminated  by  the  combustive  process.  Hence  it  may  well  be 
conceived,  that  the  effects  of  putrescent  food  would  be  much  more  decidedly 
manifested  amongst  individuals  dwelling  in  close,  ill-ventilated  apartmente; 
and  although  the  same  means  of  comparison  do  not  exist,  since  there  is  no 
part  of  our  town  population  habitually  subsisting  on  such  a  diet  as  that  of 
the  Faroese,  yet  there  is  no  want  of  evidence  with  regard  to  the  injurious 
effects  of  even  the  occasional  employment  of  putrescent  food,  especially 
when  any  zymotic  disease  is  epidemic.^ 

72.  That  it  is  Water  which  constitutes  the  natural  drink  of  Man,  and 
that  no  other  li(|Uor  can  supply  its  place,  is  apparent  from  the  most  cursory 
glance  at  its  uses  in  the  system ;  and  it  is  only  necessary  here  to  remark, 
that  the  purity  of  the  water  habitually  ingested  is  a  point  of  extreme  im- 
portance. A  very  minute  impregnation  with  lead,  for  example,  is  quite 
sufficient  to  develop  all  the  symptoms  of  chronic  lead -poisoning,  if  the  use 
of  such  water  be  sufficiently  prolonged.  In  the  case  of  the  ex-royal  family 
of  France,  many  of  whom  suffered  in  this  manner  at  Claremout,'  the  amount 
of  lead  was  only  about  one  grain  per  gallon  ;  and  in  a  case  subsequently 
published,  in  which  also  the  symptoms  of  lead-poisoning  were  unequivocally 
developed,  the  amount  was  no  more  than  ^th  of  a  grain.'  So  again,  an 
excess  of  the  saline  ingredients  which  appear  to  be  innocuous  in  small  quan- 
tities, may  produce  a  marked  disorder  of  the  digestive  organs,  and  (through 
them)  of  the  system  generally.*  Moreover,  as  in  the  case  of  food,  the  pres- 
ence of  a  very  small  amount  of  putrescent  matter  is  quite  sufficient  to  pro- 
duce the  most  pernicious  results,  when  that  matter  is  habitually  introduced 
into  the  system  ;  aiid  these  results,  on  the  one  hand,  manifest  themselves  in 
the  production  of  certain  disorders  which  appear  distinctly  traceable  to  the 
direct  action  of  the  poison  so  introduced;  whilst,  on  the  other,  they  become 
ap{)2irent  in  the  extraordinary  augmentation  of  the  liability  to  attacks  of 
such  zymotic  diseaj^es  as  may  at  the  time  be  prevalent.'  The  quantity  of 
water  daily  consumed  is  about  four  or  five  pounds;  and  a  slight  excess,  in- 
dicative of  its  formation  in  the  system,  is  daily  eliminated.  The  ingestion 
of  large  quantities  has  been  shown  bv  Mosler*  to  cause  a  considerable  in- 
crease in  the  discharge  of  urea  and  salts  in  the  urine,  which  appears  to  be 
the  result  of  an  increased  metamorphosis  of  the  albuminous  constituents  of 
the  blood  and  tissues.  The  quantity  of  alcoholic  licjuids  consumed  in  the 
United  Kingdom  is  extraordinarilv  great.  A  recent  writer  (Rev. W.Crane)' 
states  that,  in  1873,  28,908,501  gallons  of  home  spirits ;  10,223,709  gallons 

^  FucU  of  this  kind  liavo  boon  abundantly  furnished  during  the  visitations  of 
ChoIorH.  Sw  tbo  Report  of  the-Gent-rMl  Board  of  Health  on  the  Epidemic  Cboler« 
of  1S48  and  184t),  ])p.  08,  i'A.  An  in^tance  of  a  very  remarkable  kind  (»ccurrod  at 
Bridj^i'water,  towards  the  eh»>e  of  that  epidt-mie.  as  related  to  the  Author  by  Dr. 
BriUaii.  A  cari;o  of  spoilrd  oy>t«'rs  havina:  been  brought  to  the  town,  and  the  enlc  of 
llM-m  havini^  bven  prohibited  on  account  t»f  their  pulrt'SctMit  condition,  thev  were 
L:i\«'n  away  to  any  wlio  would  r«H.'rive  tht-m  ;  and  several  children  in  a  neifi^hlMiring 
M-h<Mil  partook  of  then)  plentifully.  In  tlh'  course  of  the  followins;  night,  nil  who 
had  eaten  of  the  (»y>ters  iso  far  a*  Dr.  Briitan  could  a.*>certain)  were  attacked  with 
cholera  and  choleraic  diarrhnpa,  and  eleven  of  the  children  died  the  next  day. 

'  Soe  the  aecount  of  this  case,  whieh  presents  rnany  features  of  great  interest,  in 
the  Dulilin  Quarterly  J<iurnal  of  Medical  ^^eience,  voK  vii,  p   415. 

*  See  Ilerapalh  in"Medieal  Gazette.  Sept.  'JOlh,  18.:»0,  p.  618. 

*  Of  this  a  very  instructivi*  cast',  which  occurred  at  Wolvcrton,  has  been  published 
by  Mr.  C-orfe  in  the  Pharniaceutieal  Journal,  July,  1H48. 

*  Fur  ample  evidence  t<»  this  etl\ct,  see  Dr  Pereira'>  Treati.«e  on  Food  and  Diet, 
pp.  s:»  91  ;  and  the  Report  of  thf  (ieneral  B«mrd  of  Health  on  the  Epidemic  Cholera 
of  1H4H  and  18')0,  pp.  o'.M):},  Appendix  A,  p.  14,  and  Appendix  B,  pp.  91-95. 

*  Archiv  de.«;  Verein*  f.  gemein"*  Arbeit.,  IM.  iii,  1857,  p.  398. 

'  In  a  [mper  read  Iwfore  the  Helfa^t  Meeting  of  the  A;>.<«oc-iation  for  the  Advance- 
ment of  Science,  Aug.  20th,  1874. 
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of  foreign  spirits;  18,327,104  gallons  of  wine;  1,076,844,942  gallons  of 
beer;  and  aoout  18,500,900  gallons  of  eider  and  British  wine  were  con- 
sumed. The  proportion  of  Alcohol  in  Beer  varies  from  1  to  12  per  cent.; 
in  the  light  wines  of  France  and  Germany  from  H-15  per  cent.,  and  in  the 
stronger  Spanish  wines  from  15  to  25  per  cent.  Besides  Alcohol,  all  wines 
contain  certain  volatile  Ethers,  and  more  or  less  of  the  Acetic,  Tartaric, 
and  Tannic  Acids.  Sugar  and  Extractives  are  also  commonly  present.  The 
use  of  Alcoholy  in  combination  with  water  and  with  organic  and  saline  com- 
pounds, in  the  various  forms  of  "  fermented  liquors,"  deserves  particular 
notice,  on  account  of  the  numerous  fallacies  which  are  in  vogue  respecting 
it. — In  t\\e  first  place,  it  may  be  safely  afRrmed  that  Alcohol  cannot  answer 
any  one  of  those  important  purposes  for  which  the  use  of  Water  is  required 
in  the  system ;  and  that,  on  the  other  hand,  it  tends  to  antagonize  many  of 
those  purposes,  by  its  power  of  precipitating  most  of, the  organic  compounds, 
whose  solution  in  water  is  essential  to  their  appropriation  by  the  living 
body.  Secondly,  the  ingestion  of  alcoholic  liquors  cannot  supply  anything 
which  is  essential  to  the  due  nutrition  of  the  system :  since  we  find  not  only 
individuals,  but  whole  nations  maintaining  the  highest  vigor  and  activity, 
both  of  body  and  mind,  without  ever  employing  them  as  an  article  of  diet. 
Thirdly,  there  is  no  reason  to  believe  that  Alcohol,  in  any  of  its  forms,  cau 
become  directly  subservient  to  the  nutrition  of  the  tissues;  for  it  may  be 
certainly  affirmed  that,  in  common  with  non-azotized  substances  in  general, 
it  b  incapable  of  transformation  into  albuminous  compounds ;  and  there  is 
DO  sufficient  evidence  that  even  Fatty  matters  can  be  generated  in  the  body 
at  its  expense.  Fourthlyy  the  experiments  of  Anstie  and  Dupr6  show  that 
when  Alcohol  is  consumed  in  moderate  quantities?,  as  of  two  ounces  in  di- 
vided doses,  in  the  course  of  the  day,  the  merest  traces  only  are  eliminated 
by  the  excretions.  There  can  be  little  doubt,  therefore,  that  it  undergoes 
oxidation  in  the  system.^  And  M.  Dupr6  has  shown  that  weight  for  weight 
Alcohol  evolves  about  four  times  the  amount  of  heat  or  actual  energy  that 
is  evolved  by  lean  beef.'  Fifthly,  the  operation  of  Alcohol  upon  the  liviiig 
body  is  essentially  that  of  a  stimulus;  increasing  for  a  time,  like  other  stim- 
uli, the  vital  activity  of  the  body,  and  especially  that  of  the  nervo-niuscular 
apfmratus,  so  that  a  greater  effect  may  oflen  be  produced  in  a  given  time 
under  its  use  than  can  be  obtained  without  it;  but  being  followed  by  a  cor- 
responding depression  of  power,  which  is  the  more  prolon^jed  and  severe  in 
proportion  as  the  previous  excitement  has  been  greater.  The  results  of  the 
researches  of  Ringer,'  Anstie  and  Dupre,  Binz,  and  others,  show  that  Alco- 


*  And  this  accounts  for  tho  fact  that  some  persons  who  consume  larcje  quantities 
of  Pernorntod  liquors  become  very  fat;  tho  hydrocarbonaceous  matters  in  the  system 
bein*»  prevented  from  undert^oini^  the  coml>ustive  process  to  which  they  would  other- 
wise bo  i'Ubject.  Much  of  tho  fatty  deposit  in  intemperate  persons  has  the  char- 
acter of  '*  fatty  degeneration  ;''  the  tendency  to  which  is  very  marked  in  persims  of 
XhU  cln.«s. 

»  MM.  Duroy,  Lallemand,  and  Perrin,  Du  role  de  I'Alcool  et  des  Anesthetiques 
dans  POrgnnisme,  1H60,  Dr.  Marcet,  Chronic  Alcoholic  Intoxication,  18f)2,  and  Dr. 
E.  Smith,  Cyclical  Chanjres,  and  more  recently,  Dr.  Ssulmtin,  Zeiischrift  fiir  Biol- 
ogic, Band  vii,  1871,  p.  3tfl,  thought  that  a  considerable  quantity  (»f  the  alcohol 
ingfcsted  was  discharged  unchanired  ;  but  as  Anstie  and  Dupre  have  shown  in  their 
papers  in  the  Lancet,  18'i5,  and  Practitioner,  1872,  187;J — in  which  references  will 
oe  found  to  the  princifml  authors  on  this  interestirii^  subject — this  view  arose  either 
from  erroneous  observations  and  inefficient  modes  of  testinsj  for  alcohol,  or  to  very 
Urge  doses  l>eing  administered  to  small  animals  like  the  rabbit,  in  which  case,  no 
doubt,  a  considerable  quantity  is  eliminated  unchanged.  See  also  in  r<'laUof»  to  this 
fubjpct  Dr.  Richardson,  Reports  Brit.  Assoc,  for  the  Adv.  of  Sci.,  1864  and  1800; 
Schulinus,  Archiv  f.  Heilk.,  18G6;  Parkes  and  Wollowicz,  Proceed.  Roy.  Soc,  1870. 

»  Lancet,  18tiC,  vol.  ii,  p.  :i08. 
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hol  in  tolerably  full  closes  lowers  the  temperature  of  the  body,  although  it 
increases  the  force  and  frequency  of  the  pulse;  and  the  experience  of  Arctic 
voyagers  is  most  decided  in  regard  to  the  comparatively  low  value  of  Alco- 
hol as  a  heat-producing  material.  It  is  certain  that  Alcohol  is  not  without 
its  value  under  various  corporeal  conditions ;  and  the  views  expressed  by 
Dr.  Hammond/  that  its  effects,  injurious  or  salutary,  are  in  a  great  measure 
dependent  upon  the  quantity  of  food  consumed  with  it,  are  probably  true. 
AVhen  the  food  is  ample  in  quantity  and  varied  in  quality,  and  the  diges- 
tion good.  Alcohol  is  unnecessary,  exciting  the  circulation,  and  tending  to 
produce  a  plethoric  condition  of  the  system  ;'  but  when  the  diet  is  insuf- 
ficient, or  the  digestion  feeble,  the  effects  of  Alcoiiol,  when  taken  in  mod- 
erate quantities,  seem  decidedly  beneficial,  the  body  not  only  ceasing  to 
lose,  but  actually  gaining  in  weight :  the  Alcohol  either  taking  the  place  of 
the  food,  or  retarding  the  metamorphosis  of  the  tissues.  In  conditions  of 
exhaustion  it  often  i)roves  of  the  greatest  utility,  and  there  is  reason  for 
believing  that  it  can  exert  an  antiseptic  power  in  certain  states  of  blood- 
poisoning,  whilst  it  exerts  a  powerful  influence  over  the  formation  of  pus 
in  the  inflamed  parts ;  partly  perhaps  by  restraining  the  movements  of  the 
white  corpuscles  of  the  blood,  partly  by  hardening  the  walls  of  the  vessels 
and  preventing  their  escape,  and  partly  by  its  general  power  of  lessening 
tissue-change  and  cellrgencsis.  The  Physiological  objections  to  the  habit- 
ual use  of  Alcoholic  liquors  rest  upon  the  following  grounds.  Firt^,  they 
arc  universally  admitted  to  possess  a  poisonous  character,  exhibited  when 
they  are  taken  in  tolerably  large  doses  by  loss  of  apfietite  and  diminished 
muscular  power  and  control  over  the  voluntary  movements,  with  partial 
paralysis  of  the  sympathetic  nervous  system,  leading  to  dilatation  of  the 
smaller  vessels;  whilst  death  is  the  s|K?edy  result  of  very  large  doses 
through  the  8US|>cnsion  of  nervous  power,  which  their  introduction  into 
the  circulation  in  sufliiciont  quantity  is  certain  to  induce.  Secondly,  when 
habitually  used  in  excessive  quantities,  universal  experience  shows  that 
Alcoholic  liquors  tend  to  produce  a  morbid  condition  of  the  body  at  large, 
and  especially  of  the  nervous  system;  this  condition  being  such  as  a  knowl- 
edge of  its  modm  operandi  on  the  body  would  lead  the  Physiologist  to  pred- 
icate. Thirdly,  the  freijuent  occurrence  of  more  chronic  diseases  of  the 
same  character,  among  persons  advanced  in  life,  who  have  habitually  made 
use  of  Alcoholic  liquors  in  "  moderate  "  amount,  affords  a  strong  probabil- 
ity that  they  result  from  a  gradual  perversion  of  the  nutritive  processes,  of 
which  that  habit  is  the  cause.  This  perversion  manifests  itself  peculiarly 
in  the  tendency  to  "fatty  degeneration"  of  the  muscular  substance  of  the 
heart,  of  the  walls  of  the  arteries,  of  the  glandular  substanceof  the  kidney 
and  liver,  and  of  many  other  parts;  and  thus  gives  rise  to  a  great  variety 
of  forms  of  disease.  Fourthly,  the  special  liability  of  the  intem[)erate  to 
zymotic  diseases,  seems  an  indication  that  the  habitual  ingestion  of  Alco- 
holic liquors  tends  to  prevent  the  due  elimination  of  the  azotized  pro<lucts 
of  the  disintegration  of  the  system,  and  thus  to  induce  a  **  fermentable " 
condition  of  the  blood.  Fifthly,  extended  experienc»e  has  shown  that,  not- 
withstanding the  temporary'  augmentation  of  power  which  may  result  from 
the  occasional  use  of  fermented  liquors,  the  capacity  for  prolonged  endur- 
ance of  mental  or  bodily  labor,  and  for  resisting  the  extremes  of  heat  and 

>  AmtT.  Journ.  of  Mod.  Scioncc*,  Oct.  18iV> 

'  Accordini;  to  Dr.  Ed.  Smith  (Triinsuo.  of  Roy.  Mod.  Society  of  London,  vol.  1, 
pt  i,  p.  1,  1H»;1 ),  nlcohol  intorferos  with  alimentation,  dimini<ho<«  the  excretion  of 
urea  and  the  action  of  the  skin,  and  incroase.s  the  j^eneral  activity  of  lh«  vasculttr 
pysteni.  Kiini  increa&es,  but  brandy  and  gin  lessen  the  excretion  of  carbonic  acid  by 
the  lungs. 
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cold,  as  well  as  other  depressing  agencies,  is  diminished  rather  than  increa^d 
by  their  habitual  employment ;  and  the  reason  of  this,  so  far  as  cold  is  con- 
cerned, is  sufficiently  obvious.  Under  ordinary  circumstances  of  exposure 
to  cold  the  circulation  of  blood  through  the  vessels  of  the  surface,  owing  to 
the  contraction  of  the  cutaneous  capillaries,  is  greatly  reduced,  and  much 
less  heat  is  lost  by  conduction  and  radiation,  the  skin  alone  being  a  very  bad 
conductor.*  When,  however,  considerable  quantities  of  Alcohol  are  taken, 
more  or  less  complete  paralysis  of  the  vaso-niotor  nervous  system  is  the  re- 
sult :  the  vessels  of  the  skin  no  longer  respond  to  the  stimulus  of  cold,  and 
the  blood  traversing  them  loses  a  large  amount  of  heat ;  so  that  whilst  in 
all  instances  where  the  quantity  of  Alcohol  consumed  exceeds  the  moderate 
limits  of  1^2  ounces  per  diem,  there  is  diminished  power  of  resistance  to 
cold,  this  is  felt  much  more  acutely  in  extreme  eases,  and  death  may  even 
take  place  from  the  general  reduction  of  the  temperature.'  On  these 
grounds,  the  Author  has  felt  himself  fully  justified  in  the  conclusion,  that, 
for  Physiological  reasons  alone,  habitual  abstinence  from  Alcoholic  liquors 
is  the  best  rule  that  can  be  laid  down  for  the  great  majority  of  healthy  in- 
dividuals ;  the  exceptional  cases  in  which  any  real  benefit  can  be  derived 
from  their  use  being  comparatively  few.* 

73.  The  very  extensive  employment  of  Tobacco  by  men  of  almost  every 
rank  in  society  in  this  country,  and  the  large  consumption  of  Tea  and  Coffee 
by  both  sexes  throughout  the  community,  render  the  study  of  their  effects 
upon  the  animal  economy  particularly  interesting,  though  up  to  the  present 
time  exceedingly  few  observations  have  been  made.  The  effects  of  Tobacco 
are  chiefly  due  to  the  absorption  of  the  extremely  poisonous  liquid  alkaloid 
Nicotia/  which  exists  in  the  plant  in  combination  with  Citric  and  Malic 
acids,  and  from  its  remarkable  volatility,  is  contained  in  and  inhaled  with 
the  smoke  of  the  smouldering  leaves.  Its  chemical  composition  is  repre- 
sented by  the  formula  C,oH„N,.  Dr.  Hammond's  conclusions  (Op.  cit  )  from 
bis  experiments  upon  the  use  of  Tobacco  are,  that  whilst  it  only  slightly 
affects  the  excretion  of  carbonic  acid  from  the  lungs,  it  diminishes  the 
quantity  of  faeces,  urine,  aqueous  vapor,  and  of  chlorine,  but  it  increases  the 
amount  of  uric,  phosphoric,  and  sulphuric  acids  eliminated  by  the  kidneys, — 
circumstances  which  seem  to  indicate  that  there  is  an  increase  in  the  inter- 
stitial changes  taking  place  in  the  brain  and  nervous  tissue,  of  which  there 
are  other  indubitable  signs,  as  wakefulness,  trembling,  and  nervous  excite- 
ment. The  quantity  employed  in  the  experiment  was  two  cigars  thrice  a 
day. — These  results  accord  with  general  experience ;  and  there  are  few  who 
will  not  coincide  with  the  moderate  tone  of  Sir  B.  Brodie's  well-known  letter 
to  the  TimcA  on  this  subject,  dated  August  27th,  1860,  in  which  he  observes 
that  when  used  in  limited  quantity,  and  under  circumstances  of  privation, 
Tobac(*o  may  be  not  only  harmless  but  absolutely  beneficial  by  soothing  and 
tranquillizing  the  nervous  system,  allaying  hunger  and  the  uneasy  feelings 
pro<luced  by  mental  and  bodily  exhaustion ;  but  that  in  too  many  instances 
It  is  only  a  bad  habit,  producing  a  greater  or  less  degree  of  derangement  of 
the  nervous  system,  and  indisposing  to  both  mental  and  bodily  exertion. 
Tea  and  Coflfee,  though  derived  from  different  classes  of  the  Vegetable  king- 

*  See  Kluja;.,  Zoits.  f.  Biologie,  Band  x,  1874,  p.  73. 

■  A  vfry  remarkable  example  of  the  effpcts  of  cold  on  whisky  and  non-whisky 
drinkers  i*  recorded  in  the  Lancet,  vol.  i,  1871,  p.  636. 

*  S*f«f  hi*  Physiology  of  Temperance  and  Tntal  Abstinence;  also  the  important 
Treatise  on  Alcoholismua  Chronicus,  by  Dr.  Hiiss  of  Stockholm,  of  wl)ich  an  ub- 
itmct  is  ifiven  in  the  Brit,  and  For.  Med.-Chir.  Uev.,  vols,  vii  and  ix. 

*  8ee  Heubel,  Exp.  Beitriiije,  Ccntralblatt  f.  d.  Med.  Wiss.,  187*2,  p.  641. 
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dom,  appear  to  contain  nearly  the  same  organic  constituents,  but  in  different 
proportions,  as  shown  in  the  following  analysis: 

100  Partfl  of  Tea  100  Pftrti  of  Coffee 

contain  oontaia 

Water, 6 12 

Thoine, 8 1.75 

Casein, 15      ...:..  18 

Gum, 18 9 

Sugar 3 6.5 

Tannic  acid 26  25 4 

Aromatic  oil, 0.76 0.002 

Fibre, 20 85.048 

r  Chlorophyll,     I  Q^^.  , 

Mineral  substances,   ...       5 6.7 

In  making  "Tea"  and  "Coffee,"  the  Theine,  Gum,  Sugar,  and  Tannic  acids 
are  chiefly  extracted,  the  Casein,  unless  a  little  soda  be  added  to  the  water, 
being  undissolved.  It  is  a  singular  circumstance  that  the  Alkaloid  con- 
tained in  Tea  and  Coffee,  as  well  as  that  in  Mat^,  the  shrub  used  for  tea  in 
Paraguay,  should  have  the  same  chemical  composition  (C^Hi^N^O,+2  Aq.). 
Strong  decoctions  of  both  fluids  counteract  the  tendency  to  sleep,  excite  the 
nervous  system  and  heart,  and  produce  contractions  and  tremors  in  the 
muscles.*  Tea  is  a  respiratory  excitant,  while  coffee  depresses  this  fiiactioD. 
Lehmanu*  and  Bocker'  consider  that  tea  and  coffee  diminish  the  excretion 
of  urea,  and  con.sequeutly  the  disintegration  of  the  albuminous  tissues,  whilst 
they  effect  an  increase  in  the  amount  of  water  discharged.  Voit,*  however, 
from  observations  on  a  dog,  and  Squarey,*  from  experiments  on  men,  con- 
clude that  coffee  possesses  little  or  no  influence  on  the  general  nutrition  of 
the  body. 

2.    Of  Hunger  and  Thirst — iStarvation, 

74.  The  want  of  solid  Aliment,  arising  from  the  demands  of  the  system 
for  the  materials  requisite  for  the  growth  and  maintenance  of  the  body,  and 
for  the  eombustive  process,  is  indicated  by  the  sensation  of  Hunger;  and 
that  of  liquid,  by  Thirst.  The  former  of  these  sensations  is  referred  to  the 
stomach,  and  the  latter  to  the  fauces;  but  although  certain  conditions  of 
these  parts  may  be  the  immediate  cause  of  the  sensations  in  question,  they 
are  really  indicative  of  the  ro(|uirements  of  the  system  at  large.  For  the 
intensity  of  the  feeling  bears  no  constant  relation  to  the  amount  of  solid  or 
liquid  aliment  in  the  stomach  ;  whilst,  on  the  other  hand,  it  does  correspond 
with  the  excess  of  demand  in  the  system,  over  the  supply  afforded  by  the 
blood  ;  and  it  is  caused  to  abate  by  the  introduction  of  the  requisite  material 
into  the  circulating  fluid,  even  though  this  be  not  accomplished  in  the  usual 
manner  by  the  ingestion  of  food  or  drink  into  the  stomach. 

75.  That  the  sense  of  hunger,  however,  is  immediately  dependent  up>on 
some  condition  of  the  Stomach,  seems  to  follow  from  the  fact,  that  it  may  be 
temporarily  alleviated  by  introducing  into  the  digestive  cavity  matter  which 
is  not  alimentary.     Of  the  precise  nature  of  that  condition,  we  have  no  cer- 


'  Roe  M.  LevoM  in  Brnwn-Sequnrd's  Archives  de  Physiologic,  t.  i,  p.  179. 
2  Lifhii^'s  Anniih'ti,  IJjind  Ixxxvi,  p   205. 
5  Arcliiv  d.  V«ri*ins  f.  Korneins,  185;i. 

«  H<>nlo   and  Mri.';.«nor's   Bt-ritht,    18r.O.   p .  402.     Sec   also    H.  Aubcrt,  Pflugcr'f 
Arrliiv  f.  Physinlojjie,  Hnnd  v,  1872.  p   580. 

•  JSce  Dr.  Parkes's  Practical  Hygiene,  4ih  edit.,  p.  287. 
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taiD  knowletlge.  It  is  easy  to  prove  that  many  of  the  causes  which  have 
been  assigned  for  the  sensation,  are  but  little,  if  at  all,  concerned  in  pro- 
ducing it.  Thus,  mere  emptiness  of  the  stomach  cannot  occasion  it ;  since, 
if  the  previous  meal  have  been  ample,  the  food  passes  from  its  cavity  some 
time  before  the  uneasy  feeling  is  renewed ;  and  this  emptiness  may  continue 
(in  certain  disordered  states  of  the  system)  for  many  hours  or  even  days, 
without  a  return  of  desire  for  food.  Besides,  the  stomach  may  be  filled  with 
food,  and  yet  Hunger  may  be  intensely  felt,  if,  from  disease  of  the  pylorus 
or  any  other  cause,  there  be  an  obstacle  to  the  passage  of  the  aliment  into 
the  intestine,  and  to  the  completion  of  the  processes  of  chylificatiou  and 
absorption,  so  that  the  system  needs  that  which  the  digestive  apparatus  is 
unable  to  provide  for  it.  Again,  the  sense  of  Hunger  cannot  be  due,  as 
some  have  supposed,  to  the  action  of  the  gastric  fluid  upon  the  coats  of  the 
stomach  themselves ;  since  this  fluid  is  not  poured  into  the  stomach,  except 
when  its  production  is  stimulated  by  the  irritation  of  the  secreting  follicles. 
Nor  is  it  conveyed  through  the  pneumogastrie  nerves,  since,  as  shown  by 
Dr.  John  Reid,^  after  section  of  these  nerves  animals  take  food  with  no  less 
avidity  than  previously ;  indeed,  the  sense  of  satiety  rather  than  that  of 
Huoger  seems  to  be  abolished,  the  animals  often  continuing  to  gorge  them- 
selves with  food  long  after  the  stomach  has  been  adequately  filled. — It  may, 
perhaps,  be  a  more  probable  supposition,  that  there  is  a  certain  condition  of 
the  Capillary  circulation  in  the  Stomach,  which  is  preparatory  to  the  secre- 
tion, and  which  is  excited  by  the  influence  of  the  Sympathetic  nerves,  that 
communicate  (as  it  were)  the  wants  of  the  general  system.  This  condition 
may  be  easily  imagined  to  be  the  proximate  cause  of  the  sensation  of  hunger, 
bj  acting  on  the  nervous  centres.  When  food  is  introduced  into  the 
stomach,  the  act  of  secretion  is  directly  excited ;  the  capillary  vessels  are 
gradually  unloaded ;  and  the  immediate  cause  of  the  impression  on  the 
nervous  system  is  withdrawn.'  By  the  conversion  of  the  alimentary  mat- 
ter into  materials  fit  for  the  nutrition  of  the  system,  the  remote  demand 
also  is  satisfied ;  and  thus  it  is,  that  the  condition  of  the  stomach  just  refer- 
red to,  is  permanently  relieved  by  the  ingestion  of  substances  that  can  serve 
as  food.  JBut  if  the  ingested  matter  be  not  of  a  kind  capable  of  solution 
and*  assimilation,  or  the  digestive  apparatus  cannot  effect  its  preparation, 
the  feeling  of  hunger  is  only  temporarily  relieved,  and  soon  returns  in 
greater  force  than  before. — The  theory  here  given  seems  reconcilable  with 
all  that  has  l)een  said  of  the  conditions  of  the  sense  of  Hunger;  and  par- 
ticularly with  what  is  known  of  the  effect  produced  upon  it  by  nervous  im- 
pressions, which  have  a  peculiar  influence  upon  the  capillary  circulation. 
It  also  corresponds  exactly  with  what  we  know  of  the  influence  of  the 
nervous  system,  and  of  mental  impressions,  upon  other  secretions  (chapter 
xvii ). 

76.  The  sense  of  Hunger,  like  other  sensations,  may  not  be  taken  cogni- 
zance of  by  the  mind,  if  its  attention  bo  strongly  directed  towards  other 
objects;  of  this  fact,  almost  everyone  engaged  in  active  operations,  whether 
mental  or  bodily,  is  occasionally  conscious.  The  nocturnal  student,  who 
takes  a  light  and  early  evening  meal,  and  after  devoting  himself  to  his  pur- 
suits for  several  hours  uninterruptedly,  retires  to  rest  with  a  wearied  head 
and  an  empty  stomach,  but  without  the  least  sensation  of  hunger,  is  fre- 
quently prevented  from  sleeping  by  an  indescribable  feeling  of  restlessness 
and  deficiency ;  and  the  introduction  of  a  small  quantity  of  food  into  the 


i 


*  Phyg.  Anat.  and  Path.  Researches,  pp.  234-239. 

'  Thi-^c  views  ?eeni  to  be  conlirnied  by  llie  observations  of  M.  Bernard   on  the 
cuDditioD  of  the  gastric  follicles  during  the  intcrvuls  of  their  functional  activity. 
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stomacb  will  nimosi  inMantatieoui-ily  allay  this,  and  procure  cmtV 
Many  person?,  again,  who  desire  to  take  active  eKerris^e  before  }>• 
prevented  Ironi  doing  so  by  the  latitude  aud  even  falntne^  which  it  indiiccsvl 
the  bodily  exercise  increasing  the  deiiiaud  for  food,  whilst  it  draws  off  the' 
attention  from  the  sensation  of  hunger. 

11.  The  conditions  of  the  $enit  of  Thirst  appear  to  be  very  analogtitis  to^ 
those  of  htinger.     TIiIb  ^nse  h  not  referred,  m^wever,  lt>  the  s^tfJiuach,  but! 
to  the  fauces-   It  is  probably  even  more  iminedhitdy  connected  with  the  »Uite 
of  the  general  ^yi^temthan  that  of  hunger;  fort  he  imuicdiate  relief  afr>rded 
by  the  introdiicthnj  of  liquid  into  the  stomaeh  is  fully  aceountcd  for  by  the 
ini^tantaneou^  absorption  of  the  fluid  into  the  vein?;,  nhieh  U  well  kimwn  to 
take  place  wlien  there  k  a  demand  for  it,     Thi^  demand  k  increiit*ed  with 
a!n)0!«t  eijual  rapidity,  by  an  exce^  in  the  amount  of  the  fluiil  excretions ;  and 
it  may  be  sati.'^fied,  or  at  least  alleviated,  witliout  tlje  introducuon  of  water 
into  the  iitomuch,  this  having  been  one  of  the  rt^ults  ob<ervctl  after  the  use 
of  saline  injections  into  the  veins  in   ease^  of  Asiatic  Cholera,  a&  well  aa  j 
after  immersion  in  a  warm  bnth  in  eases  of  extreme  tlysphagia,     Tliirsit  iuay  i 
also  be  prmJueed,  however,  by  the  impression  made  by  peculiar  kind^  of 
food  or  drink  ujhui  the  walls  of  the  alimentary  canul ;  thus  aaltt^d  or  highly 
spiced  meat,  ft*rmenled  liqtiors  when  too  littk*  tli luted,  and  other  i;iuukrly 
irritating  agenis  excite  thirst ;  the  purpyi^e  of  which  is  obviously  to  cause 
ingestion  of  flnid  by  which  they  may  be  diluted. 

78.  The  rc:?u1ts  of  an  entire  deficiency  of  Food,  or  cif  Its  stipply  in  ai 
inea*?nre  inndetpmte  for  the  wants  of  the  systen^  constitute  the  pht^nomeuii] 
of  Innnklmi  or  SinrvntHfU.     Thci^e  have  been  ex  j»eri  men  tally  studied  by  M. 
Ch»s?iat*  on  Birds  and  Mammals;  and  the  information  thence  gainetl  h^ads  ^ 
us  to  a  better  comprehension  of  what  is  (unfortunately)  too  fre4uently  ex- 
hibitni  in  the  Human  subject. — The  following  were  the  general  syniplomal 
noted  by  M.  Chossat.     The  animals  u.'*ually  remain  calm  during  the  tirsE 
half  oriwo-thini^  of  the  perio^i  ;  but  they  then  become  more  or  less?  agitattd ; 
and  ihi^  js^tate  continue**  a*  long  iL^  their  iein|)erature  remains  elevattnL     Oii| 
the  hist  day  of  litt\  however,  whilst  the  temj>emture  rapidly  falls,  this  rest* 
lessine^s  ceases,  and  gives  place  to  a  state  of  stupor.     The  auintat,  when  iwtl 
at  libertv,  sometimes  lot)ks  round  with  astoni^^bment,  without  attempting  to  I 
fly;  and  sometimes  clost^s  the  eyes^  as  if  in  a  state  of  sleep,     firaiinally  ibcl 
extremities  become  cold,  and  the  linihs  so  weak  as  no  longer  to  lie  able  Uil 
sustain  the  animal  in  a  standing  posture;  it  falls  over  on  one  side,  and  re-l 
mains  in  any  position  in  which   it  may  be  phiccd,  without  attempting  tol 
move.     The  respirations  become  sh>wer  and  slower;  the  genenil  we^iktiijas 
increa^es^  and  tlit^  insen.^ibility  becomes  more  pndouud  ;  the  pupil  ililatc$sJ 
and  life  beeomes  extinct,  souietimes  in  a  calm  and  tmuqutl  mauner,  *?ome*l 
time^  atWr  convuUivc  actions  producing  opistbornnic  rigidity  of  the  body, 
AtVer  the  iir^t  day,  tn  which  the  fteces  contain  the  residue  of  the  food  pix^l 
vioiLily  taken,  their  amount  is  very  s^mall;  and  they  seem  to  coiKslst  princi*] 
pally  of  grass-grc^en  biiiury  matter,     Towards  the  clrke  »»f  life,  they  tH:)n lain! 
a  much  larger  quantity  of  water,  even  wheti  none  has  been  iugestcti  by  the  ^ 
animal;  and  include  much  saline  matter  in  addition  to  the  biliarj%— TbeJ 
average  loss  of  weight  in  the  warm-blooded  animals  experimente<ii  on  by  )L| 
ChoHsat,  between  the  conimeneetnent  of  tlie  period  of  luanition  and  \ih  ter- 
mination by  death,  was  40  \^v  cent.;  but  he  met  with  a  eonsidertdde  vari-| 
aliou  in  the  extremes,  which  seemed  io  depend  chiefly  on  the  amount  of  fat'1 
previously  accumulated  in  the  body:  tha'^e  animals  loosing  most  weight,  iui 

'  Reeh^relii?*  Ejtf»^rimenl«les  lur  PJannllion*  P*riii,  1848     Seo  alio  Piitiuiii.  V»f- 
ehow's  Arcbh',  Bi^nd  xxix,  p.  241  ;  iind  Voit,  Zeil«chrifi  f.  Biutogie,  Bund  ii^  p.  30T. 
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which  the  fat  had  been  most  abundant,  which  were  also  those  that  lived 
the  longest'  Taking  40  per  cent,  as  the  mean,  M.  Choseat  obtained  the  fol- 
lowing curious  results,  as  regards  the  relative  diminution  of  the  several  tis- 
sues and  organs  of  the  body;  those  which  lost  more  than  the  mean,  being 
di:(tinguished  from  those  which  lost  less : 


Parts  which  lose  more  than  40  per  cent. 

Fat, 93.3 

Blood, 75.0 

Spleen, 71  4 

Pancreas, 64.1 

Liver, ^*2  0 

Heart 44.8 

Intestines, 42  4 

Muscles  of  locomotion,  .         .        .  42.8 


Parts  which  lose  leta  than  40  per  cent. 
Muscular  coat  of  stomach,     .         .     89.7 
Pharynx  and  (esophagus,       .         .     34.2 

Skin, 33.3 

Kidnoys, 31.9 

Respiratory  apparatus,  .        .         .     222 
Osseous  system,       .         .         .         .16.7 

Eyes, 10.0 

Nervous  system,     .         .         .         .1.9 


The  points  most  worthy  of  note  in  the  above  table  are  the  almost  complete 
removal  of  the /at,  and  the  reduction  of  the  blood  to  three-fourths  its  normal 
amount,  the  diminution,  as  has  since  been  shown  by  Valentin  and  Panum, 
especiaHj  affecting  the  albumen  of  the  serum ;  whilst  the  nervous  system 
imdergoeB  scarcely  any  loss.  It  would  seem,  in  fact,  as  if  the  supervention 
of  death  was  coincident  with  the  consumption  of  all  the  disposable  combus- 
tive  material ;  and  that  up  to  that  point,  the  whole  remaining  energy  of 
nutrition  is  concentrated  upon  the  nervous  system.  And  it  will  be  shown 
hereafter  that  there  is  adequate  ground  for  considering  death  by  starvation 
as  really  death  by  cold;  since  the  temperature  of  the  body  is  maintained 
with  little  diminution  until  the  fat  is  thus  consumed,  and  then  rapidly  falls, 
unless  it  be  kept  up  by  heat  externally  applied. — As  might  be  expected  from 
the  comparative  rapidity  of  interstitial  change  at  the  earlier  periods  of  life, 
it  was  found  by  Chossat  that  the  diurnal  loss  was  much  the  most  rapid  in 
young  animals,  and  that  the  duration  of  their  lives  when  deprived  of  food 
was  cfonsequently  far  less  than  that  of  adults.  He  further  ascertained  that 
the  results  of  itisufficient  alimentation  were  in  the  end  the  same  as  those  of 
entire  deprivation  of  food ;  the  total  amount  of  loss  being  almost  exactly 
identical,  but  its  rate  being  less,  so  that  a  longer  time  was  required  to  pro- 
duce iL  Neither  he  nor  ScheffeP  found  that  much  influence  was  exerted  on 
the  duration  of  life,  by  permitting  or  withdrawing  the  supply  of  water ;  the 
latter  experimenter  found  that  in  a  dog  wholly  deprived  of  water  the  loss 
in  weight  of  the  different  organs  was  nearly  the  same  as  in  deprivation  of 
solid  food,  with  the  exception  of  the  brain,  fat,  and  glandular  organs,  which 
were  not  materially  diminished.  All  the  tissues  became  much  drier;  the 
skin,  tendons,  muscles,  intestines,  and  blood,  containing  from  4  to  11  per 
cent,  more  solid  residue  than  in  health.  It  appears,  however,  that  in  ^Ian 
death  supervenes  much  earlier  when  liquid  as  well  as  solid  aliment  is  with- 
held ;  and  the  indifference  observed  by  Chossat  in  the  case  of  Birds  is  prob- 
ably due  to  the  fact  that  they  ordinarily  drink  very  sparingly,  and  eliminate 
very  little  water  in  their  various  excretions.  The  experiments  of  Bluudel 
and  Panum  show  that  the  life  of  a  dog  deprived  of  food  cannot  be  preserved 
by  the  frequent  transfusion  of  the  blood  of  other  healthy  dogs. 


*  There  is  a  well-known  case  of  a  f«t  pii;,  which  was  buried  in  its  sty  for  l(iO  days, 
under  thirty  feet  of  the  chalk  of  Dover  cliff;  and  wliich  was  dug  out  alive  at  the 
fnd  of  that' time,  reduced  in  weight  from  160  lbs.  to  40  lbs.,  or  no  less  than  75  per 
cent.  iTrans.  of  Linn.  Soc,  vol.  xi,  p.  411.)  This  extraordinary  prolongation  of 
life  in  this  case  may  be  attributed  to  the  retention  of  the  heat  of  the  body  by  the 
QOD-cooducting  power  of  the  chalk,  and  to  the  retention  of  its  moisture  by  the  sutu- 
rttiun  of  the  nir  in  its  immediate  vicinity,  and  restriction  of  its  movements. 

'  Ludwig,  Physiologie,  1861,  vol.  ii,  p.  683. 
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79.  The  most  prominent  symptoms  of  Starvation,  as  they  have  been  noted 
in  the  Human  subject,  are  as  follows :  In  the  first  place,  severe  pain  in  the 
epigastrium,  which  is  relieved  on  pressure ;  this  subsides  after  a  day  or  two, 
but  is  succeeded  by  a  feeling  of  weakness  and  "  sinking  "  in  the  same  region ; 
and  an  insatiable  thirst  su]>ervenes,  which,  if  water  be  withheld,  thenceforth 
becomes  the  most  distressing  symptom.  The  countenance  becomes  pale  and 
cadaverous  ;  the  eyes  acquire  a  peculiar  wild  and  glistening  stare  ;  and  gen- 
eral emaciation  soon  manifests  itself.  The  body  then  exhales  a  peculiar 
fetor,  and  the  skin  is  covered  with  a  brownish,  dirty-looking,  and  offensive 
secretion.  The  bodily  strength  rapidly  declines;  the  sufferer  totters  in 
walking,  his  voice  becomes  weak,  and  he  is  incapable  of  the  least  exertion. 
The  mental  powers  exhibit  a  similar  prostration  ;  at  first  there  is  usually  a 
state  of  stupidity,  which  gradually  increases  to  imbecility,  so  that  it  is  difficult 
to  induce  the  sufferer  to  make  any  effort  for  his  own  benefit ;  and  on  this  a 
state  of  maniacal  delirium  frequently  supervenes.  Life  terminates  either  in  the 
mode  described  in  Chossat's^  observations,  or,  as  occasionally  happens,  in  a 
convulsive  paroxysm.^ — On  post-mortem  examination,  the  condition  of  the 
body  is  found  to  be  such  as  the  results  of  Chossat's  observations  would  indi- 
cate;  namely,  extreme  general  emaciation  and  disappearance  of  fat,*  dimin- 
ution in  the  bulk  of  the  priuciiml  viscera,  and  almost  complete  bloodlessnes, 
save  in  the  brain,  which  still  receives  its  usual  supply.  It  is  especiallv 
worthy  of  note,  that  the  coats  of  the  small  intestines  are  peculiarly  thinned, 
so  that  they  become  almost  transparent ;  and  that  the  gall-bladder  is  almost 
invariably  turgid  with  bile,  the  cadaveric  exudation  of  which  tinges  the  sur- 
rouuding  parts.     And  further,  the  body  rapidly  passes  into  decomposition. 

80.  Now  it  is  pi^culiarly  worthy  of  note,  that  the  deficient  supplv  of  new 
histogenetic  materials  appears  to  check  the  elimination  and  removal  of  those 
which  have  become  effete ;  for  in  no  other  way  can  we  account  for  that  ten- 
dency to  putrescence,  which  is  so  remarkably  manifested  during  life  in  the 
fetid  exhalation  and  in  the  peculiar  secretion  from  the  skin,  and  which  is 
shown  after  death  in  the  rapidity  with  which  putrefaction  supervenes.  More- 
over, towards  the  close  of  many  exhaui^ting  diseases,  the  fatal  termination 
of  which  is  really  due  to  a  chronic  inanition,  it  frequently  happens  that  a 
"colliquative  diarrhcea  "  comes  on,  which  must  be  considered  as  a  mani- 
festation of  the  general  disintegration  that  is  making  progress  even  during 
life.  Now,  referring  to  the  conditions  hereafter  to  be  enumerated,  as  thoee 
\Yhich  favor  the  operation  of  zymotic  poisons  in  the  body,  it  is  obvious  that 
no  state  could  be  more  liable  to  it  than  this;  since  we  have  not  merely  that 
general  depression  of  the  vital  powers,  which  is  a  predispasing  cause  of  almost 
any  kind  of  malady,  and  pre-eminently  so  of  zymotic  diseases,  but  also  the 
presence  of  a  large  amount  of  disintegrating  matter  in  the  blood  and  gen- 
eral system,  which  forms  the  most  favorable  nidus  possible  for  the  reception 
and  multiplication  of  such  |X)isons.  And  thus  it  happens  that  pestilential 
diseases  must  certainly  follow  in  the  wake  of  a  famine,  and  c*arry  off  a  far 
greater  number  than  i)erish  from  actual  starvation. 

81.  Another  class  of  phenomena,  however,  results  from  such  a  deficiency 
of  alimentation  as  is  not  adequate  to  produce  the  results  just  described;  pro- 
vided this  deficiency  l>e  prolonged  for  a  considerable  length  of  time,  and 
esi)ecially  if  it  be  conjoined  with  other  unfavorable  conditions.     Of  this,  a 


1  Soe  Ro?tnn  in  Diction,  do  M^decine,  art.  Abstinence;  and  Dr.  Donovan *8  ac- 
count of  the  Irish  famine  of  1H47  in  the  Dublin  Medical  Press,  Feb.  1848;  also  a 
paper  by  Martin,  Med.  T.  and  Gaz.,  April,  1801. 

2  In  cases  o( acute  starvation,  a?  Dr.  Fowler  has  shown  in  reference  to  the  case  of 
the  AVclsh  fasting  girl  (Lancet,  vol.  ii,  1870,  p.  150),  a  considerable  amount  of  fat 
may  bo  present  in  the  body,  and  emaciation  may  not  be  marked. 
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remarkable  example  was  presented  at  the  Millbank  Penitentiary  in  1823. 
The  prisoners  confined  in  this  establishment,  who  had  previously  received  an 
allowance  of  from  31  to  33  oz.  of  dry  nutriment  daily,  had  this  allowance 
suddenly  reduced  to  21  oz.,  animal  food  being  almost  entirely  excluded  from 
the  diet  scale.  They  were  at  the  same  time  subjected  to  a  low  grade  of  tem- 
perature, and  to  considerable  exertion ;  and  were  confined  within  the  walls 
of  a  prison  situated  in  the  midst  of  a  marsh  which  is  below  the  level  of  the 
adjoining  river.  The  prison  had  been  previously  considered  healthy ;  but 
in  the  course  of  a  few  months,  the  health  of  a  large  proportion  of  the  in- 
mates began  to  give  way.  The  first  symptoms  were  loss  of  color,  and  di- 
minution of  flesh  and  strength ;  subsequently  diarrhea,  dysentery,  and 
scurvy  ;  and  lastly  adynamic  fevers,  or  headache,  vertigo,  convulsions,  ma- 
niacal delirium,  apoplexy,  etc.  The  smallest  loss  of  blood  produced  syn- 
cope, which  was  frequently  fatal ;  and  after  death,  ulceration  of  the  mucous 
lining  of  the  alimentary  canal  was  very  commonly  found.  Out  of  860 
prisoners,  no  fewer  than  437,  or  52  per  cent.,  were  thus  affected.  The  in- 
fluence of  concurrent  conditions,  especially  of  previous  confinement,  was 
here  remarkably  shown  ;  for  those  were  found  to  be  most  liable  to  disease 
who  had  been  in  prison  the  longest.  That  the  reduction  of  the  allowance  of 
food,  however,  was  the  main  source  of  the  epidemic,  was  proved  by  the  two 
following  facts:  the  prisoners  employed  in  the  kitchen,  who  had  8  oz.  of 
bread  additional  per  day,  were  not  attacked,  except  three  who  had  only  been 
there  a  few  days ;  and  after  the  epidemic  had  spread  to  a  great  extent,  it 
was  found  that  the  addition  of  8  oz.  to  the  daily  allowance  of  vegetable  food, 
and  ^  oz.  to  the  animal,  greatly  facilitated  the  operation  of  the  remedies 
which  were  used  for  the  restoration  of  health.*  Very  similar  observations 
to  these  were  made  by  Dr.  Jonea^  on  the  prisoners  confined  in  Camp  Sumter, 
one  of  the  Southern  prisons,  during  the  late  American  civil  war.  The 
prisoners  numbered  upwards  of  30,000,  and  were  confined  in  a  space  of  27 
acres,  with  little  or  no  shelter  from  the  intense  heat  of  a  Southern  sun,  or 
fmm  the  rain  and  dew,  with  festering  masses  of  filth  at  the  very  doors  of 
their  rude  dens  and  huts,  and  with  the  greater  portion  of  the  banks  of  the 
stream  flowing  through  the  stockade,  a  filthy  quagmire  of  human  excrements 
alive  with  maggots.  The  diet  consisted  of  only  J  lb.  bacon  and  l^  lb.  of 
meal,  and  even  this  was  sometimes  re<luced.  As  a  consequence  of  exposure 
to  these  conditions,  in  less  than  seven  months  10,000  Federal  prisoners  died, 
the  chief  causes  of  this  frightful  mortality  being  diarrhoea,  dysentery,  scurvy, 
and  hospital  gangrene,  the  last  often  supervening  on  the  slightest  scratch  of 
the  surface,  or  even  on  the  bites  of  small  insects.  It  is  curious  to  notice  that 
contagious  fevers  were  rare,  and  typhus  unknown.  Dr.  Jones  remarks,  in 
full  confirmation  of  Chossat's  experiments  on  birds,  that  whilst  large  numbers 
of  the  Federal  prisoners  were  utterly  disgusted  with  the  Indian  corn  supplied 
to  them,  in  which,  for  the  most  part,  the  husk  was  not  separated  from  the 
meal,  yet  that  an  urgent  feeling  of  hunger  was  not  a  prominent  symptom, 
and  that  even  when  it  existed  at  first,  it  soon  disappeared,  the  muscular 
strength  at  the  same  time  becoming  rapidly  diminished,  the  tissues  wasted, 
and  the  mental  faculties  to  the  last  degree  lethargic.  The  diminished  power 
of  resisting  deleterious  influences  produced  by  insuflScient  aliment  was  well 
shown  on  a  large  scale  by  the  statistics  collected  by  Dr.  Chenu,  of  the  rel- 

'  See  Dr.  Lfitluim  On  the  Diseases  in  the  Millbank  Penitentiiirv,  1824.  A  similar 
exHOipIc  of  the  effects  of  prolonged  insufficiency  of  diet  was  furnished  at  the  Maison 
Cenlralc  of  Niinej»,  for  a  liiirhly  instructive  account  of  whici)  by  M.  Boileau-Castel- 
n«u,  chief  physician  to  the  Maiscm  Centrale,  see  Ann.  d'Hyiji^ne  Publ.,  Janv.  1849. 

»  See  Dr.  Austin  Flint's  Physiology  of  Man,  vol.  ii,  p.  30,  1807. 
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ative  mortality  of  the  French  and  English  contingents  in  the  Crimean  war. 
During  the  first  winter  (1855)  the  English  army  lost  5.79  per  cent,  of  its 
effective  force,  whilst  the  French  only  lost  2.31  per  cent.  Great  changes 
were  immediately  introduced  into  the  diet  and  general  regimen  of  the 
English  army,  with  the  result  that  in  the  following  winter,  only  441  soldiers 
succumbed  to  disease,  out  of  an  effective  of  50,000,  whilst  the  French  troops, 
badly  fed  and  badly  clothed,  had  no  less  than  106,000  sick,  of  whom  20,000 
died,  out  of  a  total  force  of  130,000  men.  The  effects  of  insufficient  alimen- 
tation were  also  exhibited  on  a  large  scale  during  the  siege  of  Paris.  The 
mortality  among  the  feebler  members  of  the  community— old  people  and 
children — being  very  great.  Besides  the  soldiers  killed  in  action,  upwards 
of  42,000  persons  died  in  the  coursi?e  of  the  ^ve  months  of  siege,  in  excess  of 
the  number  dying  in  the  corresponding  period  of  the  preceding  year.'  The 
proportion  steadily  rose  week  by  week  as  the  supply  of  food  decreased,  with 
only  one  or  two  exceptions,  from  the  number  1272,  who  died  in  the  week 
ending  24th  September,  1870,  to  the  number  of  4671,  who  died  in  the  week 
ending  the  3d  February,  1871,  the  numbers  in  the  three  subsequent  weeks 
being  rather  less.* 

82.  It  is  a  curious  effect  of  insufficient  nutriment,  as  shown  by  the  inquiries 
of  Chossat  (Op.  cit.),  that  it  produces  an  incapability  of  digesting  even  the 
small  amount  consumed.  He  found  that  when  turtle  doves  were  supplied 
with  limited  quantities  of  corn,  but  with  water  at  discretion,  the  whole 
amount  of  food  taken  was  scarcely  ever  actually  digested  ;  a  part  of  it  being 
rejected  by  vomiting,  or  pasjsing  off  by  diarrhoea,  or  accumulating  in  the 
crop.  It  seems  as  if  the  vital  powers  were  not  sufficient  to  furnish  the 
requisite  supply  of  gastric  fluid,  when  the  body  began  to  be  enfeebled  by 
insufficient  nutrition  ;  or  perhaps  we  might  well  say,  the  materials  of  the 
gastric  fluid  are  wanting.  Hence  the  loathing  of  food,  which  is  often  mani- 
fested  by  those  who  have  been  subjected  to  the  influence  of  an  insufficient 
diet  scale  in  our  priso!is  and  poor-houses,  and  which  has  been  set  down  to 
caprice  or  obstinacy,  and  punished  accordingly,  may  be  actually  a  proof  of 
thedeficiency  of  the  supply  which  we  might  expect  to  have  l)een  voraciously 
devoured,  if  really  less  than  the  wants  of  the  system  require. 

83.  It  is  extremely  important  that  the  Medical  Practitioner  should  be 
aware,  that  many  of  the  phenomena  above  describe<l  may  be  induced  by  the 
adoption  of  a  system  of  too  rigid  abstinence  in  the  treatment  of  various 
diseases ;  and  that  they  have  been  frequently  confounded  with  the  symptoms 
of  the  malady  itself,  and  have  led  to  an  entirely  erroneous  method  of  treating 
it.  "  Many  cases,"  says  Dr.  Copland,'  *'  have  occurred  to  me  in  practice,  where 
the  antiphlogistic  regimen,  which  had  been  too  rigidly  pursued,  was  itself  the 
cause  of  the  very  symptoms  which  it  wa<  employed  to  remove.  Of  these 
symptoms,  the  affection  of  the  head  and  delirium  are  the  most  remarkable, 
and  the  most  readily  mistaken  for  au  actual  disease  re()uiring  abstinence  for 
its  removal."  The  experience  of  those,  especially,  who  are  largely  engaged 
in  consulting  practice,  must  have  furnished  numerous  illustrations  of  the 
above  statement.  Dr.  Copland  mentions  the  following :  "  A  professional 
man  has  been  seized  with  i^ever,  for  which  a  too  rigid  abstinence  was  enforced, 
not  only  during  its  continuance,  but  also  during  cimvalescence.  Delirium 
had  been  present  at  the  height  of  the  fever,  and  recurred  when  the  patient 
was  convalescent.     A  physician  of  eminence  in  maniacal  cases  was  called  to 


>  Lo  Bon,  La  Vie,  cto.,  Puris,  1R74,  p.  71.  From  18th  Sopt.  1869,  to  24th  Feb. 
1870,  21,07S  person*  dlod ;  whilst  from  18th  Sept.  1870,  to  24th  Feb.  1871  ^period  of 
sipjjoi,  thi»  numhor  of  d.^ath^  wjis  r»4.154. 

•  Sfr?  M.  Le  Bon,  La  Vio,  etc.,  1874. 

'  Dictionary  of  Practical  Medicine,  vol.  i.  p.  26. 
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him,  and  recommended  that  he  should  be  removed  to  a  private  asylum. 
Before  this  was  carried  into  effect,  I  was  requested  to  see  him.  A  different 
treatment  and  regimen,  with  a  gradual  increase  of  nourishment,  were  adopted, 
and  he  was  well  m  a  few  days,  and  within  a  fortnight  returned  to  his  profed- 
sional  avocations." 

84.  The  time  during  which  life  can  he  supported  under  entire  abstinence 
from  food  or  drink,  is  usually  stated  to  vary  from  eight  to  ten  days  ;^  the 
period  may  be  greatly  prolonged,  however,  by  the  occasional  use  of  water, 
and  still  more  by  a  very  small  supply  of  food  ;  or,  even,  it  would  seem,  by  a 
moist  condition  of  the  surrounding  atmosphere,  which  obstructs  the  exhala- 
tion of  liquid  from  the  body.  Thus,  Foder^  mentions  that  some  workmen 
were  extricated  alive,  after  fourteen  days*  confinement  in  a  cold  damp  vault, 
in  which  they  had  been  buried  under  a  ruin.  Dr.  Sloan  has  given  an  ac- 
count' of  the  case  of  a  healthy  man  ret.  65,  who  was  found  alive  after  having 
been  shut  up  in  a  coal -mine  for  twenty-three  days,  during  the  first  ten  of 
which  he  was  able  to  procure  and  swallow  a  small  quantity  of  foul  water ; 
he  was  in  a  state  of  extreme  exhaustion,  and  died  three  days  afterwards, 
notwithstanding  the  attempts  made  to  recover  him.  It  would  seem  as  if 
certain  conditions  of  the  nervous  system,  especially  those  attended  with 
peculiar  emotional  excitemeiH,  are  favorable  to  the  prolongation  of  life 
under  such  circumstances.  Thus,  in  a  case  recorded  by  Dr.  Willan,  of  a 
young  gentleman  who  starved  himself  under  the  influence  of  a  religious 
delusion,  life  was  prolongeil  for  sixty  days;  during  the  whole  of  which  time, 
nothing  else  was  taken  than  a  little  orange  juice.  In  a  somewhat  similar 
case  which  occurred  under  the  Author's  notice,  in  the  person  of  a  young 
French  lady,  more  than  fifteen  days  elapsed  between  the  time  that  she 
ceased  to  eat  regularly,  and  the  time  of  her  being  compelled  to  receive 
nourishment;  during  this  period  she  took  a  good  deal  of  exercise,  and  her 
strength  seemed  to  suffer  but  little,  although  she  swallowed  solid  food  only 
once,  and  then  in  small  quantity.  Again,  in  certain  states  of  the  system 
conaraonly  known  as  "hysterical,"  there  is  frequently  a  very  remarkable 
disposition  for  abstinence,  and  power  of  sustaining  it.  It  may  be  well  to 
remark  that,  under  such  circumstances,  the  continual  persuasions  of  anxious 
friends  are  very  injurious  to  the  patient,  whose  return  to  her  usual  state  will 
probably  take  place  the  earlier,  the  more  completely  she  is  left  to  herself. 

3.  Movements  of  the  Alimentary  Canal. 

85.  The  motions  by  which  Food  is  conveyed  to  the  Mouth  and  introduced 
into  its  cavity,  constituting  the  acts  of  Prehension  and  Ingestion,  are  ordi- 
narily considered  to  be  voluntari/y  at  least  in  the  adult;  and  it  is  indubitable 
that  the  Will  has  entire  control  over  them.  Nevertheless,  they  belong  to  the 
class  of  " sei'ondarily  automatic "  movements;  and  like  those  of  locomotion, 
may  be  kept  up  when  the  will  is  in  abeyance,  by  the  suggesting  and  guiding 
iuiiuence  of  sensation?,  thus  being  performed  under  the  same  et-sential  condi- 
tions as  the  purely  "consensual "  or  "sensori-motor  "  actions.''     The  necessity 


'  There  seenn  adoqunto  evidence,  that  ft  state  which  may  bo  charnctorizcd  as  one 
of  Syncope, — the  artimHl  functions  being  entirely  suspended,  and  theori^anic  functions 
\te\ns;  reduced  t<»  an  extremely  low  ebb— may  be  prolonsijed  for  many  days,  or  even 
week",  provided  the  temperature  of  the  body  be  not  too  much  reduced.  This  class  of 
ficts,  however,  will  be  more  appropriately  considered  hereafter  (chap.  xxi). 
'  3fedicHl  Gazette,  vol.  xvii,  p.  380. 

'  This,  the  Author  thinks,  will  be  conformable  to  the  experience  of  most  of  his 
retdcrs;  who  will  find,  if  they  annlyze  their  own  consciousness,  that  they  continue  to 
wit  while  their  whole  attention  is  given  to  some  abstract  train  of  thought,  or  to  some 
external  object.     But  a  remarkable  case  has  been  placed  on  record  by  Mr.  Dunn 
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of  "guiding  sensations"  for  their  performance  is  made  evident  by  one  of  Sir 
C.  Beirs  experiments,  the  wrong  interpretation  of  whose  results  originally 
led  him  to  an  erroneous  view  of  the  functions  of  the  Fifth  pair  of  nerves. 
He  found  that  an  Ass,  in  which  the  infraorbital  branch  of  this  nerve  had 
been  divided,  made  no  attempt  to  pick  up  oats  with  its  lip,  although  the 
animal  saw  them,  bent  down  its  head  with  the  obvious  purpose  of  ingesting 
them,  and  bn)nght  its  lip  into  absolute  contact  with  them;  hence  lie  con- 
cluded that  the  power  of  motion  \Mis  destroyed  in  the  lip,  when  it  was  in 
reality  only  the  gniding  svjimtion  thai  was  deficient,  the  motor  power  being 
supplied  by  the  Facial  nerve  or  Portio  dura. 

S^.  The  food  thus  introduced  into  the  mouth,  \s  subjected  (unless  it  be 
already  in  a  state  which  needs  no  further  reduction)  to  the  process  of  Mastica- 
fion.  This  is  evidently  an  operation  of  great  importance,  in  preparing  the  sub- 
stances to  be  afterwards  operated  on  for  the  action  of  their  solvent ;  and  it 
exactly  corresponds  with  the  trituration  to  which  the  Chemist  would  submit 
any  solid  matter,  that  he  might  present  it  in  the  most  advantageous  form  to  a 
digestive  menstruum.  The  complete  disintegration  of  the  alimentary  matter 
is,  therefore,  of  great  consequence ;  and,  if  imj)erfectly  effected,  the  subsequent 
processes  are  liable  to  derangement.  Such  deningement  we  continually  meet 
with ;  for  tliere  is  not,  j)erhaps,  a  more  frequent  source  of  Dyspepsia  than 
imperfect  mastication,  whether  resulting  from  the  haste  with  which  food  is 
swallowed,  or  from  the  want  of  the  instruments  proper  for  the  reducing 
operation.  The  mechanical  disintegration  of  the  food  is  manifestlv  aided 
by  Insalivation  ;  but  the  admixture  of  Saliva  also  exerts,  as  we  shall  here- 
after see,  a  very  marked  influence  on  the  chemical  composition  of  certain  of 
its  constituents.  The  movements  of  ^lastication,  still  more  than  those  already 
adverted  to,  although  under  the  complete  control  of  the  Will,  and  originally 
dependent  upon  it  for  their  excitation,  come  at  last  to  be  of  so  habitual  a 
character,  that  they  continue  when  the  direct  influence  of  the  will  is  with- 
drawn, the  influence  of  the  guiding  "sensation,"  however,  being  essential  to 
their  |)erfonnance.  Every  one  is  conscious  that  the  act  of  mastication  may 
be  performed  as  well,  when  the  mind  is  attentively  dwelling  on  some  other 
object,  as  when  directed  to  H ;  but,  in  the  former  case,  we  are  rather  apt  to 
go  on  chewing  and  rechewing  what  is  already  fit  to  be  swallowed,  simply  be- 
cause the  will  does  not  exert  itself  to  check  the  action,  and  to  carry  the  food 
backwards  within  the  reach  of  the  muscles  of  deglutition.  This  conveyance 
of  food  backwards  to  the  fauces,  is  a  distinctly  voluntary  act;  and  it  is  neces- 
sary that  it  should  be  guided  by  the  sensation,  which  there  results  from  the 
contact  it  induces.  If  the  surface  of  the  pharynx  were  as  destitute  of  sen- 
sation, as  is  the  lower  part  of  the  a'sophagus,  we  should  not  know  when  we 
had  done  what  was  necessary  to  excite  its  muscles  to  operation. — The  muscles 
depre.-sing  the  lower  jaw  are  the  genio-hyoid,  the  mylo-hyoid,  and  the  anterior 
belly  of  the  digastric.  The  omo-hyoid,  stcrno-hyoid,  and  thyro-hyoid  muscles, 
also  aid.  The  upward  movement  is  eflected  by  the  combined  action  of  the 
masseter,  temporal  and  internal  pterygoid  muscles.  The  forward  movement 
is  due  to  the  action  of  both  pterygoids,  and  the  lateral  or  grinding  movement 
to  the  external  pterygoid  of  one  side.  The  Tongue  is  moved  downwards  and 
forwards  by  the  hyo-glossns  and  genio-glos>us,  upwards  and  backwards  by  the 
stylo-glossus,  whilst  its  changes  of  form  are  due  in  great  measure  to  its  intrinsic 
longitudinal  and  transverse  fibres.    The  more  important  muscles  concerned  in 


(LamM»t.  Nov.  lolh  and  29th  184')),  which  fully  continnp  the  viow  here  ndvanccd; 
tho  mnvrnn'iits,  not  miToly  of  the  lip.«  and  jaws,  hut  those  hy  which  food  w«r  con- 
veyo<l  t<»  ihi*  mouth,  luivin;;  hcHMi  carried  on  nutimintieally^  when  once  (sotofpeHk) 
the  spring  waa  touched  by  which  they  were  tet  in  action. 
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the  mastication  of  food  are  supplied  by  the  third  branch  of  the  Fifth  pair, 
which  is  well  known  to  be  a  nerve  of  mixed  endowments;  but  some,  especially 
those  of  the  cheeks,  are  also  supplied  by  the  Facial  nerve ;  and  yet,  if  the 
former  be  paralyzed,  the  latter  cannot  stimulate  them  to  the  necessary  com- 
bined actions.  Hence  we  see  that  the  movements  are  of  an  associated  char- 
acter, their  due  performance  being  dependent  on  the  part  of  the  nervous 
centres  from  which  the  motor  influence  originates.  If  the  Fifth  pair,  on 
the  other  hand,  be  uninjured,  whilst  the  Portio  dura  is  paralyzed,  the  move- 
ments of  mastication  are  performed  without  difficulty  ;  whilst  those  connected 
in  any  way  with  the  Respiratory  function,  or  with  Expression,  are  paralyzed. 
If  again,  the  sensory  portion  of  the  Fifth  pair  be  paralyzed,  the  act  of  Mastica- 
tion is  very  imperfectly  performed,  even  though  the  motor  power  be  not  in  the 
least  impaired;  for  the  muscles  cannot  be  made  to  perform  the  requisite  as- 
sociated movements  without  the  guidance  of  sensations ;  so  that  the  morsel 
lodges  between  the  teeth  and  the  cheek,  or  beneath  the  tongue,  and  can  with 
difficulty  be  kept  in  the  appropriate  position. 

87.  When  the  reduction  of  the  food  in  the  mouth  has  been  sufficiently 
accomplished  it  is  carried  into  the  Pharynx,  and  is  thence  propelled  down 
fbe  (Bsophagus  into  the  stomach  by  a  set  of  associated  movements,  which 
taken  together  constitute  the  act  of  Deglniition,  These  movements  were 
first  described  in  detail  by  Magendie ;  but  his  account  requires  some  modifi- 
cation, through  the  more  recent  observations  of  Dzondi,*  Budge,^  Bidder,' 
Czermak,*  Schuh,*  and  Moura."  The  jird  stage  in  the  process  is  the  carry- 
ing back  of  the  food  until  it  has  passed  the  anterior  palatine  arch  ;  this  is 
efiected  by  the  contraction  of  the  mylo-hyoid,  and  of  the  longitudinal  and 
transverse  muscles  of  the  tongue,  which  together  render  the  tongue  shorter 
and  thicker,  pressing  it  against  the  roof  of  the  mouth,  whilst  the  stylo-glossi 
draw  it  somewhat  backward  ;  those  movements  are  purely  voluntary.  The 
aeeotid  stage  now  commences,  during  which  the  entrance  of  food  into  the 
nasal  cavities  and  trachea  is  most  jealously  guarded  against  by  certain  reflex 
actions,  which  have  only  been  clearly  recognized  since  the  introduction  of  the 
laryngoscope  by  Czermak.  During  this  stage  the  tongue  is  carried  still 
farther  backwards,  the  larynx  rises,  its  orifice  being  covered  by  the  epiglottis, 
which  is  at  the  same  time  somewhat  depressed,  and  placed  horizontally,  so 
that  its  upper  border  touches  the  posterior  wall  of  the  pharynx.  The  cush- 
ion at  the  base  of  the  epiglottis  becomes  applied  to  the  arytenoid  cartilages, 
and  the  vocal  cords,  both  true  and  false,  are  closely  approximated  ;  a  triple 
protection  against  the  entrance  of  the  food  into  the  trachea  being  thus 
afforded.  Coincidently  with  these  movements,  the  lower  border  of  the  velum 
palati  becomes  applied  to  the  walls  of  the  pharynx,  and  the  muscles  of  the 
posterior  palatine  arch  contract  in  such  a  manner  as  to  cause  the  sides  of 
the  arch  to  approach  each  other  like  a  pair  of  curtains,  so  that  the  passage 
from  the  fauces  into  the  posterior  nares  is  nearly  closed  by  them  ;  and  to 
the  cleft  between  the  approximated  sides  the  uvula  is  applied  like  a  valve. 
A  sort  of  inclined  plane,  directed  obliquely  downwards  and  backwards,  is 
thus  formed ;  and  the  morsel  slides  along  it  into  the  pharynx,  which  is 
brought  up  to  receive  it.  Though  some  of  these  acts  may  be  })erformed 
voluntarily,  the  combination  of  the  whole  is  automatic'     The  third  stage 

>  See  Prof.  Muller'a  Elements  of  Physiology  (translated  by  Dr.  Baly),  p.  501. 
«  Phys.,  I860,  p.  157.  «  Nouo  Beobachtungen,  Dorpat,  1838. 

•  The  Laryngoscope,  New  Syd.  Soc.  Translation,  1861,  vol.  ix. 

•  On  the  LaryngOHCOpe,  Can.^ttatt,  1858. 

•  Robin,  Journal  de  TAnatomie,  1867.  p.  167. 

'  The  obfervatiun  of  Schuh  (Canstatt,  1858)  upon  the  movcmrnts  of  the  soft  pal- 
ate during  deglutition  seem  to  show  that  this  part  is  somewhat  more  active  during 
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of  the  process,  the  propulsion  of  the  food  down  the  oesophagus,  then  com- 
mences. This  is  accomplished,  in  the  upper  part,  by  means  of  the  constric- 
tors of  the  phar}'nx ;  and  in  the  lower,  by  the  muscular  coat  of  the  oesoph- 
agus itself,  which  has  been  shown  by  Gillette'  to  be  composed  in  its  upper 
part  of  striated  muscular  tissue  alone,  in  its  middle  part  of  exclusively  un- 
striated  muscular  tissue,  and  near  the  cardiac  orifice  of  the  stomach  of  a 
mixture  of  striated  and  unstriated  tissue.  When  the  morsels  are  small,  and 
are  mixed  with  much  fluid,  the  undulating  movements  from  above  down- 
wards succeed  each  other  very  rapidly,  as  mav  be  well  observed  in  Horses 
whilst  drinking ;  large  morsels,  however,  are  frequently  some  time  in  mak- 
ing their  way  down.  Each  portion  of  food  and  drink  is  included  in  the 
contractile  walls,  which  are  closely  applied  to  it  during  the  whole  of  its 
transit.  The  gurgling  sound  which  is  observed  when  drink  is  poured  down 
the  throat  of  a  person  In  artlcuio  mortlsy  is  due  to  the  want  of  this  contrac- 
tion. Tlie  whole  of  the  third  stage  is  completely  involuntary. — In  order 
to  ascertain  the  partes  implicated  in  the  deglutition  of  liquids.  Dr.  Muura 
employed  the  laryngoscope  after  ink  had  been  swallowed,  and  found  that 
the  parts  tinted  were  the  whole  internal  surface  of  the  mouth,  the  velum  pa- 
lati,  uvula,  pillars  of  the  fauces,  anterior  surface  of  the  epiglottis,  and  the 
pharynx  generally,  with  the  jwsterior  surfaces  of  the  cricoid  and  arvteuoid  car- 
tilages. On  the  contrary,  the  parts  that  preserved  their  natural  color  were 
the  interior  of  the  larynx  to  within  a  very  short  distance  of  the  free  edge  of 
the  epiglottis  and  the  anterior  portion  of  the  lateral  grooves  of  the  fauces. 
At  the  point  where  the  esophagus  enters  the  stomach,  the  "cardiac  orifice" 
of  the  latter,  there  is  a  sort  of  sphincter,  which  is  usually  closed,  but  which 
opens  when  sufficient  pressure  is  made  on  it  by  accumulated  food,  closing 
again,  when  this  has  passed,  so  as  to  retain  it  in  the  stomach. 

88.  The  purely  automatic  nature  of  the  act  of  Deglutition  is  shown  by  the 
fact,  that  no  attempt  on  our  part  will  succeed  in  performing  it  really  rolun- 
tarily.  In  order  to  excite  it,  we  must  apply  some  stimulus  to  the  fauces.  A 
very  small  particle  of  solid  matter,  or  a  little  fluid  (saliva,  for  instance),  or 
the  contact  of  the  back  of  the  tongue  itself,  will  be  sufiicient;  but  without 
either  of  those,  we  cannot  swallow  at  wiil.  Nor  can  we  restrain  the  tendency, 
when  it  is  thus  excited  bva  stimulus;  every  one  knows  how  irresistible  it  is, 
when  the  fauces  are  touched  in  any  unusual  manner;  and  it  is  equally  be- 
yond the  direct  control  of  the  will,  in  the  ordinary  process  of  eating, — vol- 
untary as  we  commonly  regard  this.  Moreover,  this  action  is  performed, 
like  that  of  respiration,  when  the  power  of  the  will  is  suspendetl,  as  in  pro- 
found sleep,  or  in  ajKjplexy  affecting  only  the  bniin ;  and  it  does  not  seem  to 
be  at  all  affected  by  the  entire  removal  of  the  brain,  in  an  animal  that  can 
sustain  the  shock  of  the  operation ;  being  readily  excitable,  on  stimulating 
the  fauces,  so  long  as  the  nervous  structure  retains  its  functions.  This  was 
exj>eri mentally  proved  by  Dr.  M.  Hall;  and  it  harmonizes  with  the  natural 
exjK'riment  sometimes  brought  under  our  notice  in  the  case  of  an  anenceph- 

tho  second  ^tnijje  than  it  was  d«'<orihi'd  t<>  be  by  Dzondi.  Ho  had  an  opportunity  of  ob- 
serving \hf^m  in  a  woman,  the  left  a-ide  (»f  whose  face  hud  been  removed  by  an  oper- 
ation. Wtien  the  patient  drank,  tlie  soft  pnhtto  raised  itself  abovo  the  horizonal  line, 
as  soon  as  the  j;Iu>s  was  approximated  to  her  lip.  It  remained  in  this  position  whilft 
the  fluid  was  beini;  sucknl  in  ;  but  as  soon  as  swallowing  commenced  it  very  suddenly 
de^cended,  so  as  tt>  press  th«*  fluid  into  the  oesophagus."  It  then  again  elevated  it«elf 
wiih  even  greater  tension,  and  aijain  descended.  In  swallowing  solid  fo«>d  the  same 
sudden  asemt  and  descent  of  the  velum  upon  the  deglutition  of  each  morsel  was 
ob^orvable. 

*  Gilb-tte,  Journ.  de  I'Anatomie,  1872,  p.  ♦517.  See  also  for  the  Histolofry  of  the 
Alimentary  Canal,  Klein  and  Verson  in  Strieker's  Manual  of  Histology,  8yd.  Soc. 
Transl.,  vol.  i. 
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alous  infant,  in  which  the  power  of  swallowing  seems  as  vigorous  as  in 
the  perfect  one.  But  if  the  "nervous"  circle  be  destroyed,  either  by  divi- 
sion of  the  trunks,  or  by  injury  of  any  kind  to  the  portion  of  the  nervous 
centres  connected  with  them,  the  action  can  no  longer  be  performed ;  and 
thus  we  see  that,  when  the  effects  of  apoplexy  are  extending  themselves 
from  the  brain  to  the  spinal  cord,  whilst  the  respiration  becomes  stertorous, 
the  power  of  Deglutition  is  lost,  and  then  respiration  also  speedily  ceases. 

89.  Our  knowledge  of  the  nerves  specially  concerned  in  this  action,  is 
principally  due  to  the  verv  careful  and  well-conducted  experiments  of  Dr.  J. 
Keid,*  which  have  been  fiilly  corroborated  by  the  more  recent  observations 
of  MM.  Vulpian'  and  Jolyet.  From  a  carefiil  examination  of  the  actions 
of  deglutition,  and  of  the  influence  of  various  nerves  upon  them.  Dr.  Reid 
drew  the  following  conclusions:  The  exeitor  impressions  are  conveyed  to  the 
Medulla  Oblongata  chiefly  through  the  Glosso-pharyngeal,  but  also  along 
the  branches  of  the  Fifth  pair  distributed  upon  the  fauces,  and  along  the 
soperior  laryngeal  branches  of  the  Pneumogastric  distributed  upon  the 
pharynx.  The  motor  influence  passes  chiefly  along  the  pharyngeal  branches 
of  the  Pneumogastric,  which  are  probably  originally  derived  from  the 
Spinal  Accessory ;  along  the  branches  of  the  Hypoglossal,  distributed  to  the 
muscles  of  the  tongue,  and  to  the  sterno-hyoid,  sterno-thyroid,  and  thyro- 
hyoid muscles;  along  the  motor  fllameuts  of  the  Recurrent  laryngeals; 
through  some  of  the  branches  of  the  Fifth,  supplying  the  elevator  muscles 
of  the  lower  jaw;  along  the  branches  of  the  Facial,  ramifying  upon  the 
digastric  and  stylo-hyoid  muscles  and  upon  those  of  the  lower  part  of  the 
face;  and  probably  along  some  of  the  branches  of  the  Cervical  plexus,  which 
unite  themselves  to  the  descendens  noni.  It  was  further  observed  by  Dr. 
Reid,  that  the  stylo-pharyngeus  muscle  is  usually  thrown  into  contraction, 
when  the  roots  of  the  Glosso-pharyngeal  nerve  are  irritated;  and  as  this 
has  been  also  noticed  by  Mayo,  Volkmann,  and  others,  we  are  probably  to 
consider  the  Glosso-phar}'ngeal  a  motor  nerve,  in  so  far  as  that  muscle  is 
concerned.' 

90.  When  the  food  has  been  propelled  downwards  by  the  Pharyngeal 
muscles,  so  far  as  their  action  extends,  its  further  progress  through  the 
(E>*ophaffiis  is  effected  by  a  kind  of  peristaltic  contraction  of  the  muscular 
coat  of  the  tube;  and  Dr.  J.  Reid  found,  by  repeated  experiment,  that  the 
continuity  of  the  oesophageal  branches  of  the  Pneumogastric  with  the  Me- 

>  £dtn.  Med.  and  Surg.  Journ.,  vol.  xlix;  and  Physiological,  AnAtomical,  and 
Pathological  Ke«CJiri-ho8,  chap.  iv. 

*  Revue  de  Cours  St'i**ntifiqucs,  1806,  t.  iii,  p.  754. 

•  Op.  cit.,  pp.  258-200.  It  seems  not  improbable  that  the  discrepant  results  obtained 
bydinerent  experimenters  on  this  point,  are  partly  to  be  explained  by  differences 
in  the  distribution  of  the  nerves  in  the  several  species  of  animals  operated  on.  Thus 
in  the  experiments  of  Prevo.«t  and  Waller  on  the  Rabbit  ( Brown-Sequard's  Archives 
de  Physiologic,  1870,  pp.  185  and  343),  it  appeared  that  in  this  animal  the  glosso- 
pharyngeal nerve  takes  no  part  in  the  nflex  phenomena  of  deglutition,  the  fifth  being 
the  principal  sensory  nerve,  and  the  superior  laryngeal  branch  of  the  pneumogastric 
contributing  to  the  reflex  movement  by  its  sensory  branches  distributed  to  the  mu- 
cous membrane  covering  the  epiglossus,  the  aryteno-epiglottidean  folds,  the  superior 
borders*  of  the  laryngeal  orifice,  and  the  cartilages  of  Santorini.  In  Chauveau's  ex- 
periments on  the  lioTHC  (Journal  do  la  Physiologic,  t.  v,  pp.  190  and  323),  direct 
irritation  of  the  upper  roots  of  the  vagus  cauijed  contraction  chiefly  of  the  inferior 
constrictor  of  the  oesophagus;  of  the  middle  roots,  contraction  of  the  pharynx  ;  and 
of  the  lower  roots,  contraction  of  the  upper  constrictor  and  levator  ;  though  all  acted 
ill  Fome  extent  upon  the  whole  pharynx  and  oesophagus.  The  spinal  accessory,  glosso- 
pharyngeal, facial,  hypoglossal,  and  cervical  sympathetic  nerves,  had  little  or  no 
action  on  the  movements  of  the  pharynx  oesophagus,  or  stomach  in  this  animal. 
See  also  Goltz  (Studien,  etc.,  in  Pfliiger's  Archiv,  1872,  vi,  p.  616),  for  the  move- 
ments of  the  (esophagus  in  the  Frog. 
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dulla  Oblongata  is  necessary  for  the  rapid  propulsion  of  the  food ;  from 
whence  it  appears  that  an  impression  made  upon  the  mucous  surface  of  the 
(psopliagus,  conveyed  by  the  afferent  fibres  of  these  nerves  to  their  ganglionic 
centre,  and  reflected  downwards  along  the  motor  fibres,  is  the  real  cause  of 
the  muscular  contraction.  The  following  are  the  general  results  of  Valentin,' 
so  far  as  they  apply  to  this  part  of  the  subject:  The  lower  part  of  the 
cesophagns  in  the  neck  is  made  to  contract  peristaltically  from  above  down- 
wards, by  irritation  of  the  roots  of  the  first  three  cervical  Spinal  nerves,  and 
of  the  cervical  portion  of  the  Sympathetic,  through  which  last  the  former 
evidently  operate.  The  thoracic  portion  of  the  oesophagus  is  made  to  con- 
tract, by  irritation  of  the  lowest  Sympathetic  ganglion  of  the  neck,  and  of 
the  higher  thoracic  ganglia,  and  also  of  the  roots  of  the  lower  cervical 
Spinal  nerves.  Muscular  contractions  of  the  Stomach  are  produced  in  the 
rabbit,  by  irritation  of  the  roots  of  the  4th,  5th,  6th,  and  7th  cervical  Spinal 
nerves,  and  of  the  Ist  thoracic,  so  that  a  distinct  furrow  is  evident  between 
the  cardiac  and  pyloric  portions  of  the  viscus;  and  the  lower  the  nerve  is 
irritated,  the  nearer  to  the  pylorus  do  the  contractions  extend.  If  the 
Pneumogastric  be  divided  in  the  rabbit,  on  each  side,  above  the  uesophageal 
plexus,  but  below  the  pharyngeal  branches,  and  the  animal  be  then  feu,  it 
is  found  that  the  food  is  delayed  in  the  oesophagus,  from  spasmodic  contrac- 
tion of  the  cardiac  sphincter,  which  becomes  greatly  distended.  Further,  if 
the  lower  extremity  of  the  Pneumogastric  be  irritated,  distinct  contractions 
are  seen  in  the  oesophageal  tube,  proceeding  from  above  downwards,  and 
extending  over  the  cardiac  extremitv  of  the  stomach.  We  have  here,  then, 
a  distinct  car?e  of  reflex  action,  ivithout  sensafion,  occurring  as  one  of  the 
regular  aifsociafed  movement  in  the  natural  condition  of  the  animal  body; 
and  it  is  very  interesting  to  find  this  following  upon  a  reflex  action  with 
sensation  (that  of  the  pharynx),  and  preceding  a  movement  which  is  but 
slightly  connected  with  the  Spinal  Cord  (that  of  the  lower  part  of  the  ali- 
mentary canal).  The  use  of  sensation  in  the  former  case  has  been  alreadv 
shown.  The  muscular  fibres  of  the  Oesophagus  are  ali*o  excitable,  though 
usually  in  a  less  degree,  by  direct  stimulation;  for  it  appears  that,  in  some 
animals  (the  Dog,  for  example),  section  of  the  pneumogastric  does  not  pro- 
duce that  check  to  the  propulsion  of  the  food,  which  it  occasions  in  the 
Rabbit;  and  even  in  the  Rabbit,  as  Dr.  M.  Hall  has  remarked,*  the  simple 
contractility  of  the  muscular  fibre  occasions  a  distinct  peristaltic  movement 
along  the  Uihe,  after  its  nerves  have  been  divided;  causing  it  to  discharge 
its  contents  when  cut  across.  Such  a  movement  indeed,  seems  to  take  place 
in  something  of  a  rhythmical  manner  (that  is,  at  short  and  tolerably  regular 
intervals),  whilst  a  meal  is  being  swallowed;  but  as  the  stomach  becomes 
full,  the  intervals  are  longer,  and  the  wavelike  contractions  less  frequent 
The  reojKjning  of  the  cardiac  orifice,  on  pressure  from  ivithin  (which  is 
usually  resisted  by  the  sphincter,  as  in  the  acts  of  defecation,  parturition, 
etc.),  is  one  of  the  first  of  that  series  of  reversed  actions  which  constitutes 
the  act  of  Vomiting;  and  this  is  accompanied  by  a  reversed  peristaltic  action 
of  the  esophagus.  The  indopiMidence  of  these  actions,  one  of  another,  and 
their  relation  to  a  common  cause,  is  remarkably  shown  by  the  fact,  that 
when  vomiting  takes  place  as  a  consecjuence  of  the  injection  of  tartar  emetic 
into  the  veins,  the  reversed  peristaltic  action  of  the  oesophagus  is  })erformed 
even  after  it«  separation  from  the  stomach. 

91.  The  food  which,  thus  propelled  along  the  oesophagus,  enters  the  Stum- 
ach  through  its  cardiac  orifice  in  successive  waves,  is  immediately  subjected 


*  Valentin,  Do  Funct.  Norv.  CVrcb.  et  Nerv.  Sympath.,  book  ii,  chap.  ii. 
'  Third  Memoir  on  the  Nervous  System,  §  201.' 
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to  a  peculiar  peristaltic  movement,  which  has  for  its  object  to  produce  the 
thorough  iutermixture  of  the  gastric  fluid  with  the  alimentary  mass,  and  so 
to  separate  the  portion  which  has  been  sufficiently  reduced  from  the  remain- 
der. The  fasciculi  composing  the  muscular  wall  of  the  Human  stomach 
have  recently  been  shown  by  Dr.  J.  B.  Pettigrew*  to  be  so  disposed  as  to 
form  long  spirals  or  figure-of-eight  loops,  of  which  the  most  external  and 
most  internal  fibres  are  nearly  longitudinal,  whilst  those  most  centrally  situ- 
ated are  nearly  circular.  The  contraction  of  these  fibres  lessens  the  diam- 
eter of  the  stomach  in  every  direction  ;  and  whilst  the  cavity  is  empty  they 
are  uniformly  contracted,  so  as  to  reduce  the  organ  to  its  smallest  dimen- 
eions.  When  food  is  introduced,  the  contraction  of  the  parietes  as  a  whole 
still  continues,  to  such  a  degree  as  to  make  them  closely  apply  themselves 
to  its  surface  ;  but  the  contmction  of  the  individual  fasciculi  alternates  with 
relaxation,  in  such  a  manner  as  to  induce  a  great  variety  of  motions  in  this 
organ,  sometimes  transversely,  and  at  other  times  longitudinally.  '*  These 
motions,"  remarks  Dr.  Beaumont,  who  has  enjoyed  a  peculiar  opportunity 
of  obserx'^ing  them,'  *'  not  only  produce  a  constant  disturbance  or  churning 
of  the  contents  of  the  stomach,  but  they  compel  them  at  the  same  time  to 
revolve  about  the  interior  from  point  to  point  and  from  one  extremity  to  the 
other."  In  addition  to  these  movements,  there  is  a  constant  agitation  of  the 
stomach  produced  by  the  respiratory  muscles.  The  nature  of  these,  and 
indeed  of  all  peristaltic  movements,  has  been  stated  by  Dr.  Brinton'  to  resem- 
ble very  closely  those  produced  by  the  descent  of  a  perforated  piston  in  a 
closed  tube  containing  fluid,  for  here  there  would  be  peripheral  currents 
passing  in  the  same  direction  as  the  piston,  and  a  central  current  flowing  in 
the  opposite  direction,  through  the  perforation  in  the  piston.  The  direction 
which  the  particles  of  food  take,  as  described  by  Dr.  Beaumont,  corresponds 
very  fairly  with  this  view.  He  says:  ** The  bolus  as  it  enters  the  cardia 
turns  to  the  left,  passes  the  aperture,  descends  into  the  splenic  extremity, 
and  follows  the  great  curvature  towards  the  pyloric  end.  It  then  returns, 
in  the  course  of  the  smaller  curvature  (or  as  fir.  Brinton  supposes,  through 
the  axis  of  the  stomach),  and  makes  its  appearance  again  at  the  a|)erture  in 
its  descent  into  the  great  curvature,  to  perform  similar  revolutions.  These 
revolutions  are  completed  in  from  oue  to  three  minutes.  They  are  probably 
induced,  in  a  great  measure,  by  the  circular  or  transverse  muscles  of  the 
stomach.  They  are  slower  at  first  than  after  ehymification  has  considerably 
advanced  ;"  at  which  time  also  there  U  an  increased  impulse  towards  the 
pylorus.  It  is  probable  that,  from  the  very  commencement  of  ehymification 
until  the  organ  becomes  empty,  portions  of  chyme  are  continually  passing 
into  the  duodenum ;  for  the  bulk  of  the  alimentary  mass  progressively  di- 
minishes, and  this  the  more  rapidly  as  the  process  is  nearer  its  completion. 
The  accelerated  expulsion  appears  to  be  eflfected  by  a  peculiar  action  of  the 
transverse  muscles;  and  especially  of  that  j)ortion  of  them  which  surrounds 
the  stomach  at  about  four  inches  from  its  pyloric  extremity.  This  band  is 
80  forcibly  contracted  at  the  latter  part  of  the  digestive  process,  that  it  almost 


1  Proceed,  of  tho  Roy.  Soc,  Lond.,  Juno  20th,  1867. 

'  See  ihe  Cii^e  of  Alexis  St.  MHrtin,  with  Observations  and  Experiments  by  Dr. 
Benuniont,  republished  in  tliis  country  by  Dr.  Andrew  Combe. — Tliis  patient  had  a 
Urge  lS.-tulou«  oritice  in  his  stomach,  remaining  after  a  wound  which  had  laid  open 
the  cMvit y  ;  but  his  general  health  had  been  completely  restored. 

>  Cyclop.  Anat.  iind  Phys.,  vol.  v,  pp.  313  and  345.  See  also,  supportinjx  Dr. 
Brinti'»n's  views',  the  observations  of  Dr.  v.  Braam  Houckgeest  (Pflui^er's  Archiv, 
1872,  Band  vi,  p.  800).  In  these  experiments  tho  belly  of  the  animal  was  opened 
whilst  the  animal  was  immersed  in  a  solution  containing  j^^ths  per  cent,  of  common 
talt  in  watefi  at  blood  heat. 


134 


OF    FOOD,   AND    THE    DIGESTIVE    PROCESS. 


sepamte^  tbe  iwo  portiotis  of  the  stoiuach  into  a  sort  of  hourgla.^  fomi; 
and  Dr.  Beatimout  Httten  that,  when  he  atterupted  to  intnxJuee  a  long  ther- 
mometer tube  into  the  pyhiric  portiau  of  the  nomaeb,  the  bulb  wim  at  first 
gently  re^ij^tt^d,  then  allowed  to  pass,  and  then  grasped  by  the  mu^culjir  pi* 
rietes  beyond,  so  a*  to  be  drawD  in  ;  whence  it  apix'ars  that  the  eontmetiou 
hrts  for  its  object,  to  resist  tbe  passage  of  solid  bodies  into  tbe  pylorie  ex- 
tremity of  the  stomach,  at  this  stage  of  digestion,  whikt  the  matter  ivhich 
has  been  reduced  to  tbe  fluid  form  is  pumjied  away  (as  it  were)  by  the  action 
of  that  portion  of  the  viseys.  These  peculiar  motions  continue  until  the 
stonnteh  is  pertectly  empty, and  not  a  particle  of  food  or  of  cbynie  remains; 
and  when  they  are  nearly  brought  to  a  close,  the  contraetion  of  the  pyloric 
orifice  al^o  j^ives  way  to  an  extent  sufficient  to  allow  not  only  the  undi^^cj^tcd 
residue  of  the  food,  but  also  large  solid  Widies  tliat  may  have  been  swallowed 
(gurh  as  coins  and  the  like),  to  pass  into  the  intestinal  canab 

02,  With  regard  to  the  degree  in  which  these  movements  of  tbe  Stomach, 
whose  share  in  tbe  Digestive  o{>eration  is  so  important,  are  dependent  ufM>n 
the  Spinal  cord,  and  are  consequently  of  a  **  reflex  "  nature,  it  is  difticult  to 
Bpeiik  witb  ceriaiDty,  owing  to  the  contradictory  results  obtained  by  different 
ex  fx*  rim  enters.  These  contradictions,  however,  aeeni  partly  due  to  a  diver^ 
gity  in  the  nature  of  tbe  animals  experimented  on,  and  partly  to  a  difTerence 
in  tl»e  stage  of  the  digestive  process  at  which  the  observations  were  made. 
The  nervts  supplying  the  Stomach  are  derived  from  the  Pneumogasinen^and 
from  branches  of  tbe  solar  plexus  of  the  8ympathetict  and  it  seems  to  be 
well  established  by  the  researches  of  Keid,  Valentin,  and  other?,*  thru  dm* 
tiuet  movement  c*>mniencing  at  the  cardiac  orifice,  ami  extending  jM-ri^ital* 
timlly  towards  tbe  pylorus  may  be  excited,  when  the  wtomaeh  ig  disteydiHl 
with  imtt\,  by  irritating  the  Pneumogasiric,  The  niovemeuLM,  however,  are 
eonjjmratively  feeble  when  the  t^tonmeli  is  empty*  When  the  Pneumoga^ tries 
are  divided  jn^he  neck,  tbe  cardiac  orifiee  of  tfie  stomach  becomes  **paemodi- 
eally  contravted'— a  rondititin  whitdj,  after  lasting  for  abonl  tbirty^six  hours, 
generally  passes  off*.  If  {jrevionsly  to  that  period  the  animal  be  alltiwetl  to 
eat,  tbeliooil  aecumulaie^  in  the  lower  part  of  the  *  esophagus,  and  duatli  re- 
sults ijom  suffbeation.  The  contraetion  of  the  eardiac  sphiucter  appears^ 
therefore,  to  be  induced  bv  other  nerves  than  the  Pneumoga^tnc;  hut  ihere 
is  abundant  eviilenee  to  ehow  that  all  the  onlinary  movements  of  tbt?  stom- 
ach are  governed  by  the  Pneumogastric.^  (or,  perhaf^s,  as  Schiff  believes,  by 
the  fibres  of  the  Spinal  Accessory  murstng  in  the  Pneuintjgastries),  muce  if 
these  be  divided,  complete  imralyeis  of  the  muscular  walls  results,  whilst 
lively  movemenrs  can  siill  be  iiiducetl  by  irrltatiou  of  the  lower  or  distal  cut 
extremity.  Irritatitm  of  tbe  splanchnic  nerves,  or  of  the  sympathetic  cord, 
is  not  followed  by  any  very  obvious  movements,  the  former  nerves  being  in 
fact  essentially  vaso-motor,  and  therefore  as  when  stimulated  they  thus  cause 
contraction  of  tbe  blood  vessels,  they  rather  tend  to  inhibit  any  movements 
that  may  be  present  than  to  incite  them  if  they  are  absent.  It  is  found  that 
after  the  section  of  the  Pneuraogastrics,  if  small  portions  of  food  be  intrvKiuced 
into  the  stomach,  these  can  be  still  propelled  onwards,  which  we  mn^t  eon- 


>  St*e  Dr  Kdd'd  rbyfiJalo|t:i€fll,  Anjiiomieiil,Rnd  Frtiholoijical  Repewrchosi^i.-hiip,  v; 
Valentin,  D©  Functloinbu*  JJerTonim  Cerebraliurn,  etc.,  chap,  xi  ;  bIhj  Lungi't,  AiiAt. 
et  Piiyftii'l  du  Systems  KerveuXj  torn,  i,  p.  ^23  ;  and  PhysiulM^n*,  %oL  i,  p.  liSI,  IB61 ; 
and  Bit'choff  in  ^Iiiller's  Archiv,  1843.  Pinuu^^,  Eip.  dt' yi  N^^rvi  Lngi,  Wntiicitjiw, 
185ii;  Hurting^  Ueber  die  Nervi  VngU  Gk'&spu,  16ri8;  Scbiff,  Pby!ti**U»gb,  1869,  p, 
420;  Mnd  8ihweiE,  Mi>niit».  f  Pri*kt.  M*'d-,  18U0;  Burniird,  Mi^l/Timea  «iid  On*-, 
I8i)0,  vol.  n,  p.  1;  H»vitBcb,  UlilltT'a  Archiv,  ISOI,  p  779;  Henle,  HMndl»,  d.  ^\i^ 
trm,  Anui*  df?*  Menscbi^rii  Biind  ii,  1866^  O.  Nus»e,  Bi'ltriige  rtir  Pby-siologie'd. 
Diirntbiiwcgung,  1Sti6, 

"  Berutiird,  Med,  TJmei  and  Givas,,  I860,  vol  ii,  p.  1. 
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aider  to  be  due  either,  as  Ludwig*  and  Schiff  *  suppose,  to  the  reflex  action 
of  the  ganglia  of  the  Sympathetic,  which  are  very  numerous  in  the  connec- 
tive-tissue layers  of  its  parietes,  or  possibly  to  the  contractions  of  the  mus- 
cular fibres  produced  by  direct  irritation,  a  view  which,  originally  advanced 
by  the  author,  has  been  lately  strongly  advocated  by  Engelmann.'  The 
moderate  excitement  of  pleasurable  emotions  is  favorable  to  the  operation 
of  digestion  ;  not  only  by  giving  firmness  and  regularity  to  the  action  of  the 
heart,  and  thus  promoting  the  circulation  of  the  blood  and  the  increase  of 
the  gastric  secretion;  but  also  in  all  probability  by  impaiiing  energy  and 
regularity  to  the  muscular  contractions  of  the  stomach.  The  movements  of 
the  stomach  cease  during  sleep  (Busch). 

93.  Much  discussion  has  taken  place  upon  the  question,  how  far  contrac- 
tion of  the  parietes  of  the  Stomach  itself  actually  participates  in  the  opera- 
tion of  Vomiting ;  and  manv  experiments  have  been  made  to  determine  the 
facts  of  the  case.  S«)me,  liKe  Magendie,  have  gone  so  far  as  to  affirm  that 
the  stomach  is  essentially  passive ;  grounding  this  inference  upon  the  fact 
experimentally  ascertained,  that  when  the  stomach  was  removed,  and  a  blad- 
der was  substituted  for  it,  this  was  emptied  of  its  contents  by  the  compression 
of  the  parietes  of  the  abdomen,  when  tartar  emetic  was  injected  into  the 
veins.*  But  this  fact  by  no  means  disproves  the  active  co-operation  of  the 
stomach ;  and  judging  from  the  analogy  of  the  uterus,  bladder,  and  rectum 
— whw>e  muscular  walls  are  all  actively  concerned  in  the  expulsion  of  their 
contents,  though  that  expulsion  is  in  great  part  due  to  the  contraction  of 
the  abdominal  muscles — we  should  be  led  to  concur  with  the  common 
opinion,  of  which  our  own  sensations  during  the  act  would  indicate  the  cor- 
rectnesis.  From  the  careful  experiments  of  SchifF*  on  dogs,  as  well  as  from 
observations  made  on  man  in  cases  where,  from  injury,  the  stomach  has  been 
exposed,'  it  appears  that  under  ordinary  circumstances  the  cardiac  aperture 
is  nrmly  closed ;  but  that  when  vomiting  is  about  to  take  place,  a  full  inspi- 
ration occurs,  which  serves,  as  Dr.  M.  Hall  first  pointed  out,  to  fix  the  dia- 
phragm and  to  supply  a  firm  surface  against  which  the  stomach  can  be 
pressed.  Then,  an  instant  before  the  contraction  of  the  abdominal  walls 
occurs,  the  cardiac  orifice  is  suddenly  dilated  by  the  contraction  of  special 
bands  of  muscular  fibres,  which  are  probably  continuous  with  the  longi- 
tudinal fibres?  of  the  oesophagus.  The  muscles  of  expiration — i.  e.,  the  ab- 
dominal muscles — then  contract  with  great  vigor,  and  the  glottis  being 
closed,  so  that  the  escape  of  air  from  the  chest  and  the  elevation  of  the  dia- 
phragm are  prevented,  the  stomach  is  subjected  to  considerable  pressure, 
and  its  contents  are  immediately  ejected.  The  importance  of  the  contrac- 
tion of  the  abilominal  muscles  is  sufficiently  evidenced  by  the  fact,  demon- 
strated by  Giannuzzi,  that  no  vomiting  can  be  induced  in  animals,  whose 
voluntary  muscles  have  been  paralyzed  by  woorara.  When  peristaltic 
movements  of  the  stomach,  which  have  occasionally  been  observed  to  be 
reverseii  in  direction,  are  already  present,  their  activity  is  generally  intensi- 
fied;  but  if  the  stomach  be  quiescent  before  vomiting  commences,  it  may 
remain  perfectly  passive  throughout.  The  pylorus  is  almost  always  firmly 
closed,  so  that  but  little  of  the  food  escapes  into  the  intestines.     The  flow  of 

'  Phviiologie,  p.  614.  '  Unterauchunjjon  zur  Naturlohro,  viii,  p.  323. 

»  Ffliiirfr'ft  Archiv,  Band  iv,  1871,  p.  1. 

*  St-hitt'  has  pointed  out  that  for  Magendic's  experimont  to  succeed,  the  cardiac 
orifice  and  lower  part  of  the  oesophagus  nuisst  also  bo  r«'niovod,  the  contraction  of 
ihf***  parts  otherwise  preventing  the  escape  of  tho  contents  of  the  bladder. 

»  M.>le>chott'8  Unters.,  Bd.  x,  1867,  p.  358. 

•  Lepine.  Bullet,  de  I'Acad.  Kov.  de  Med.,  1844  ;  and  Patry,  in  Allgem.  Med.  Cen- 
trAlblatt,  1863,  No.  62. 
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bile  is  usually  incroased.  The  interesting  observation  was  made  by  Ruble, 
that  if  a  manometer  be  fastened  into  the  stomach,  and  vomiting  be  excited, 
instead  of  an  elevation  there  is  a  descent  of  the  mercury,  momentarily  pre- 
ceding the  expulsion  of  the  contents ;  this  must  doubtless  be  referred  to  the 
sudden  and  active  opening  of  the  cardiac  orifice  produced  by  the  dilatator 
fibres  described  by  Schitf,  which  occurs  just  antecedently  to  the  pressure  ex- 
erted by  the  muscles  of  the  abdomen.  There  can  be  but  little  doubt  that 
the  violent  but  fruitless  efforts  at  vomiting  which  we  occasionally  witness 
(two  or  three  such  efforts  frequently  preceding  the  effectual  one),  are  pre- 
vented from  emptying  the  stomach  by  the  obstinacy  with  whicb  the  cardiac 
sphincter  is  kept  closed  ;  just  as  the  expiratory  effort  which  assists  in  eniptv- 
ing  the  stomach,  is  prevented,  by  the  firmness  with  which  the  glottis  is  held 
shut,  from  expelling  the  contents  from  the  chest.  The  immediate  causes  of 
vomiting  may  be  reduced  to  several  different  categories.  1st.  The  contact 
of  irritating  substances  with  the  mucous  membrane  of  the  stomach  itself; 
these,  however,  cannot  act  by  direct  stimulation  upon  more  than  its  own 
muscular  coat ;  and  their  operation  up)u  the  associated  muscles  must  take 
place  by  reflexion^  through  the  "nervous  circle"  furnished  by  the  pueumo- 
gastrics  and  the  motor  nerves  of  expiration.  2d.  Irritations  applied  to  other 
parts  of  the  body,  likewise  operating  by  simply  reflex  transmission ;  as  in  the 
vomiting  which  is  conseouent  upon  the  stniugulation  of  a  hernia,  or  the 
passage  of  a  renal  calculus.  3d.  To  the  direct  irritation  of  the  nervous 
centres  by  certain  irritants  (Tartar  Emetic,  Apomorphine) ;  and  perhaps  we 
may  add,  the  vomiting  that  occurs  after  division  of  both  pueumogastrics — 
the  division  of  one  having  but  little  effect.*  4th.  Impressions  received 
through  the  sensorial  centres,  which  may  be  either  sensational  or  emotional, 
but  which  do  not  openite  unless  they  are  felt.  In  this  mode  seems  to  be  ex- 
cited the  vomiting  that  is  induced  by  tickling  the  fauces,  which  first  gives 
rise  to  tiie  sensation  of  nausea ;  as  well  as  the  vomiting  consequent  upon 
disgusting  sights,  odors,  or  tastes,  and  upon  those  i)ecu liar  internal  sensa- 
tions which  are  preliminary  to  "sea-sickness."     The  recollection  of  these 

*  This  appears  to  bo  dernon-trated  by  tlio  ox  peri  in  en  ts  of  Chtmppe  (Sociele  de  Bio- 
logie,  Seance,  18th  July,  1874),  who  ohserved  that  after  Miction  of  both  pneumoga»- 
trics  in  dni^s,  the  intravenous  injection  of  tartar  emetic  and  of  apoinorphine  eHU«cd 
free  vomiting,  whilst  Ipocacuanha  or  its  active  princijile,  Emetine,  had  no  action; 
from  whence  the  conclusion  may  be  drawn  that  the  two  tirst-named  drug!}  act  on  the 
vagal  centre  as  well  as  u|M»n  the  peripheric  extremities  of  the  vagi  in  the  gastric 
mucous  membrane,  whilst  the  action  of  emetine  seems  to  be  contitied  to  the  latter. 
Hermann  (rilug«»r's  Archiv,  Hand  v,  1872,  p.  280)  grounding  his  opinion  on  the 
result  of  an  experiment  made  l»y  Grimm  (Idem,  Band  iv,  1871,  p.  205),  showing  thni 
tartar  emetic  injected  into  the  veins  takes  a  Ioniser  time  to  act  than  when  injtxrted 
into  the  stomach,  believes  that  this  salt  has  a  specific  acti(»n  on  the  parietcs  of  the 
stomach  ;  but  it  may  be  remarked  that,  as  above  stated,  Magendio  long  ago  showed 
that  et)'ort^  to  vomit  followed  the  inj'ction  of  tartar  emetic,  after  the  ablation  of  the 
entire  stomach.  (See  D'Ornellas's  Bulletin  Generale  de  Therapcutiquo,  1878,  p.  198 
et  .^rtj.)  D'Ornellas  considers  that  vomiting  may  be  produced  by  three  kind*  of 
ettbrt^:  1.  Intrinsic,  or  by  the  contraction  of  the  stomach  alone;  2,  Extrinsic,  or 
by  the  contraction  of  the  expiratory  mu.-cles;  and  -^j  by  mixt»d  or  combined  and  co- 
ordinated, intrinsic  and  extrinsic  ettorts ;  and  the  nerves  implicated  may  be  either 
the  pneumogasirics,  the  nerves  of  special  nense,  or  the  sympathetic.  In  nioningitiSi 
in  cases  of  cerebral  tumor,  and  in  hiemorrhage,  the  feeling  of  nausea  is  pnibably 
conveyed  !)y  the  sensory  branches  of  the  glosso-pharyngeal  nerve.  The  nauseating 
principle  of  some  drugs,  though  generally,  is  not  always  identical  with  that  produc- 
ing their  emetic  ('tfi-ct.  Thus  in  the  case  of  I|>ecacuanha  the  nauseating  principle  u 
an  odorous  substance,  capable  of  separation  by  ether,  in  which  it  is  soluble,  whilst 
the  emetic  principle  is  soluble  in  alcohol.  The  former  can  produce  vomiting  im- 
mediately on  being  swallowed,  or  even  before  by  its  action  on  the  olfactory  and 
glosso-pharyngeal  nerves,  whilst  the  latter  acts  as  above  stated  on  the  vagal  branches 
distributed  to  the  stomach. 
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sensatioDS,  conjoiued  with  the  emotional  state  which  they  originally  excited, 
may  itself  become  an  efficient  cause  of  the  action,  at  least  in  individuals  of 
peculiarly  irritable  stomachs  or  of  highly  sensitive  nervous  systems ;  for  this 
plays  downwards  upon  the  sensorial  centres,  in  such  a  manner  as  to  excite 
in  them  the  same  condition  as  that  which  was  originally  produced  through 
the  medium  of  the  sensory  nerve  when  the  object  was  actually  present.  (See 
chap,  xiii,  sec.  3.) 

94.  The  passage  of  the  Chyme,  or  product  of  the  gastric  digestion,  through 
the  pyloric  orifice,  into  the  commencement  of  the  Intestinal  tube,  is  at  first 
slow ;  but  when  the  digestive  process  is  nearly  completed,  it  is  transmitted 
in  much  larger  quantities.  The  pyloric  orifice,  like  the  cardiac,  is  furnished 
with  a  sphincter  muscle;  but  how  far  its  contractions  are  dependent  upon 
"  reflex  action,"  has  not  yet  been  ascertained.  The  ingested  matter,  which 
undergoes  further  changes  of  a  very  important  character  within  this  portion 
of  the  canal,  is  gradually  propelled  onwards  by  the  peristaltic  contractions 
of  its  walls;  and  these  are  excited  by  the  contact,  either  of  the  products  of 
digestion  or  of  the  secretions  poured  in  by  the  various  glands  that  discharge 
their  products  into  the  intestinal  tube.^  In  its  progress  along  the  small  in- 
testines, the  nutritious  portion  of  the  ingested  matter  is  gradually  taken  up 
by  the  bloodvessels  and  absorbents ;  and  the  residue,  combined  with  excre- 
mentitious  matters  separated  from  the  blood,  begins  to  assume  the  fecal 
character.  A  further  absorption  takes  place  during  the  passage  of  the  fecal 
matter  through  the  large  intestines;  and  thus  by  the  time  it  reaches  the 
rectum  it  has  acquired  a  considerable  degree  of  consistency. 

95.  The  nervous  supply  of  the  intestines  is  derived  essentially  from  the 
sympathetic  system ;  though  a  few  fibres  may  be  derived  from  the  pneumo- 
gastrics.  The  sympathetic  fibres  proceeding  from  the  coeliac,  mesenteric, 
and  other  plexuses  accompany  the  bloodvessels  to  the  intestines,  and  form  a 
chain  of  nerves  and  nervous  ganglia,  the  Plexus  myentericus,  one  portion  of 
which  has  been  shown  by  Auerbach,  to  lie  between,  and  to  supply  both  the 
circular  and  longitudinal  layers  of  muscular  tissue  of  the  small  intestines, 
and  to  be  situated  on  the  outside  of  the  longitudinal  layer  in  the  large  in- 
testine, whilst  another  portion,  discovered  by  Meissner,  lies  in  the  submu- 
cous areolar  tissue,  and  is  probably  destined  for  the  supply  of  the  mtiscularis 
mucosiz^  or  muscular  layer  of  the  mucous  membrane.''  It  might  at  first 
sight  appear  to  be  easy  to  determine  the  precise  influence  of  the  nervous 
^'stem  upon  the  muscular  walls  of  the  intestines,  but  experience  has  shown 
that  the  investigation  is  amongst  the  most  difficult  in  experimental  physi- 
ology, various  results  having  been  obtained  according  to  the  animal  experi- 
mented on  ;  the  nature  of  the  stimulus  applied  ;  the  precise  part  stimulated  ; 


*  The  Bile  seems  to  have  an  important  share  in  producing  this  effoct ;  since,  wlicn 
the  ductus  choledochus  \a  tied,  constipation  alwHys  occurs.  M.  Legros  and  Onimus 
(Kt>bin*8  Journal  de  I'Anat.,  1869,  pp.  37  and  16H)  have  shown  by  tracings  taktn 
from  n  caoutchouc  bail  introduced  into  the  intcsimcs,  that  the  peristaltic  contrac- 
tions move  mt»re  rapidly  in  the  duodenum  (sometimes  traversing  eight  inches  in  the 
minute)  than  in  the  caecum  (six  inches)  of  the  dog, 

•  Auerbach,  Canstatt's  Jahresbericht,  186*J,  p.  174;  Manz,  Die  Nerven  und  Gan- 
glion de*  Saugethierdarms,  1859;  Krause,  Studien  des  Pliys.  Instit.  zu  Breslau,  18G3, 
|i.  41  Unt«?r8.  ub.  einig.  Ursach.  der  peristalt.  Boweg  des  Darni-canals  ;  and  Vir- 
chow'ji  Archly,  1864,  p  457.  According  to  Gerlach  (abstract  in  Humphry  and  Tur- 
ner's* Journ.  of  Anat.,  vol.  viii,  1874,  p.  178)  the  myenteric  plexus  of  Auerbach  con- 
tains highly  vascular  ganglia  and  fasciculi  of  tibres,  forming  primary  and  ^etondary 
networks.  From  the  secondary  plexuses  tine  tibres  arise,  each  of  which  ends  in  a 
corpuscle  that  maj  give  off  one  or  two  processes,  endini;  between  the  muscular  tibres. 
Klein  (Quart.  Journ.  of  Mic.  Sci.,  Oct.  1873)  describes,  in  addition  to  the  above, 
iaoUted  gunglion-celU,  between  the  circular  and  longitudinal  muscular  coats. 
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tbc  state  of  ilistension  af  tlie  tube;  the  fuloejss  or  emptitiGJi&  of  thv  blc 
ves.^eb;  the  ven«iti9  or  rtrteml  eoudition  of  the  hhml  ^iretihtiiug  thntu^hl 
the  tissues,  arid  the  temperature  at  which  thi'  ex|>eriiiieuL*;  are  ctitiduetiiiJ 

The  iutjutry  i»  furiber  eomi^lreaiecl  hy] 
the   fact   ilmt   the  splancbnic    nerves^  [ 
whieli  are  the  vasti-motor  oerve?*  of  thaj 
ve*seb  supplying  the  ahiloniiual  viscera,  j 
appear    also,    under    certain    cirmnn- 
Btatices,  to  cxen  au  inhibitory  influeiice] 
on  the  intestinal  niovemeuti?.     It  in  ay  I 
be  certainly  stated  that  in  the  ctOlajRreti  I 
state^  the  intestines  are  (juieseeat,  «»r  at] 
most  their   moverm^nts   are   extremely 
shiw  and  feeble  ;  but  a^  soon  its  fmKl  is  | 
propelled  into  them  from  the  .^tomnch, 
peristaltie  contraetions  commenee^  vvhiek  I 
ibrce     the    contents    onward  a*     Thiipel 
movements  are  of  a  reflex  nature,  the] 
circuit  cousiMing  of  cent  ripe  fill  &ens*>ryj 
nerve^fibres  distributed  to  the   ntiieout] 
membrane,  which  convey  the  impressionl 
produced  by  the  prcifence  of  fiMui  lo  thoj 
ganglia  of  the  plexuses  of  AueHmch  and  [ 
Meissner,  from  whence  au  impul^  is  re-] 
fleeted  to  the  muscular  tissues  of  the  in- 
tent iue.     The  accompanying  engraving  I 
(Fig.  59)  may  aid  in  rendering  the  in- 
fluence of  the  oervous  system  on  the  in- 
testine intelligible.     Coineidcntly  withj 
the  entrance  of  food  into  the  interline's  J 
the   blood vesi^e Is   become    turgid    with 
iimnym^mro.^withtihf^.T.ir^j^mc,^it^  blood,  a  Condition  that  aptk^ars  greatly 

t^r-  m,  t.nc.j4mtie  m-r^,  cmiiuctiu^  tht-  nmu^  t*>  heighten  the  irritability  of  the  ncrvo-  ] 
diiU'A  ns  thH  wiu  to  ihi«  cciiiriy;  k,  qutxi'*  of  mu^cular  apparatus,  for  stimuli  which 

aiic!<*csaUrly  whlcr  and  w[!l«r  area  shoirinMlbe    proVoke    no    resmuse    wheU    ibc    V€S*eU  1 
litifjIli'aUiiD  tijuirr  ftlrunji^LT  And  Btmcifer  iiUiu-    *  -    *-  ...  .  ' 

nil,  of  a 
giiigllA,  lill  ttit?  ce^rJ  Ift  at  te^ngUi  i 

iMiin  And  vAriuu£  rwiit-s  cflVcis  on  diaiant  parts  A  large  amoiiut  of  evidence  has  been  ac* 
m«y  »H!eitpcritu€.<  cumulated,  showing  that  the  i^cris^taltie  I 

movements  may  be  influenced  by  dis*! 
tant  cerebro-ipinal  and  sympathetic  centres,  but  the  precise  channel?'  through 
which  their  influence  is  transmitted  are  still  undetermined,     Schiif*  aud 
Budge/  in  expenmenta  on  eats,  observed  movements  of  the  intestinei*  follow  ' 
irritatiou  of  tlie  corpora  siriaUt,  poju   VuroVd^  medulla  ohiomjtjda,  and  other  1 

i)arl*3  of  the  eiwephalon ;  and  the  remarkable  influence  of  certain  emotions,  ai  \ 
fear,  in  increasing  peris«tal^i^,  as*  well  as  the  history  of  many  pathological 
eaaefi,  supports  the  view  that  the  cerebro  spinal  nervous  system  can  act  more 
or  less  directly  upon  the  inte^stines.  Good  evidence  that  the  fibres  by  which  j 
irritation  of  the  more  remote  sympathetic  ganglia  act  upon  the  inteMine^ara 
contained  in  the  spinal  cord,  Is  afforded  by  the  following  experiment  of  M.  C. 
Bernard.  The  spinal  cord  is  divided  below  the  medulla  oblongata^  to  abolbh 
the  influence  of  the  Will.    The  chest  is  then  opened,  and  the  inferior  cervical 


Kertoiia  snpplf  of  the  Itit«iUH«t.— -d,  !i  Iho 
pmUftioT  culuniQ  uf  the  »fit«sd  t'«Ptl ;  d,  tb«  graj 
UbsLiitieii  wUb  iU  iibulit  of  t;ap|^l!an  celli ;  c» 
bti^rloi'  coluiun  ;  i/,  gntiit  syutfiiUliLrle;  €,  iier^ 
■^rtuf^^anplloii  r»f  nn-srid^irx ;/,  ^aiigljuu  of  ii(*rvft 
pl^jLits  in  thu  wnltA  af  llii?  lutt&tlue ;  g,  sf^hlnefer 
Ktii ;  A<  teiisory  tllAmi^iil  ruiininjir  ctfiitrl|*L'ljillf 
t«  Xhe  Apti-titliiHl  ventre  bj  the  poat^i'jriur  col' 


'::;!:;.r;i;^.r.rS.r:r  are  commratively  emn.y.  will  produce 
ui  tin?  c«ird  Ift  at  ipngtb  nflch*?d.  wiii-n  well-markcd  eflcH^^  wbeti  they  at^  fuIL* 


*  Vnn  Bpiiiitn  Htitickg?«t*  ?flU^er'i  Ar^biv,  1872,  p.  298. 

»  Lehrbudi  der  Physlologre,  i8&y.  »  lb.,  18GS,  p.  785. 
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^nglion  galvanized.  After  a  few  seconds,  active  movements  of  the  small 
intestioes  takes  place.  The  cord  connecting  the  inferior  cervical  with  the 
first  thoracic  ganglion  is  now  divided,  and  the  lower  extremity  galvanized. 
The  intestines  remain  quiescent.  But  if  the  upper  extremity  be  galvanized, 
active  intestinal  movements  again  occur.*  The  Pnenmogastrica  are  believed 
by  many  to  be  also  a  channel  by  which  impulses  proceeding  from  the  cerebro- 
spinal centres  are  transmitted  to  the  intestines,  since  electrical  excitation  of 
tnese  nerves  usually,  though  not  always,  produces  contractions  which  com- 
mence in  the  stomach,  and  are  most  evident  when  the  splanchnics  have  been 
divided,'  and  also  at  a  short  interval  after  death.  It  must  be  admitted  how- 
ever that  the  efiects  of  stimulating  the  pneumogastrics  are  very  inconstant.' 
96.  The  Splanchnic  nerves  are  now  well  known  to  be  the  vaso-motor  nerves 
of  the  abdominal  viscera,  and  it  is  difRcult  to  say  whether  when  irritated,  they 
act  directly  upon  the  muscular  fibres  or  nervous  ganglia  of  the  intestines,  or 
whether  their  influence  is  exerted  indirectly  by  modifying  the  size  of  the 
vessels,  and  the  quantity,  of  blood  supplied  to  these  parts.  According  to 
some  experimenters,*  when  irritated  by  the  application  of  exceedingly  feeble 
currents  of  electricity,  the  splanchnics  act  like  ordinary  motor  nerves,  and 
produce  contraction  of  the  muscular  coats.  If,  however,  the  current  be  of 
moderate  strength, so  far  from  causing  contraction,  these  nerves  are  declared  by 
Pfluger,  to  restrain  or  inhibit  the  peristaltic  movements,  and  many  excellent 
observers  corroborate  his  statements.*  On  the  other  hand  there  seems  to  be 
little  doubt  that  shortly -afler  death,  irritation  of  the  splanchnics  will  produce 
peristaltic  movements.  To  explain  these  phenomena,  Nasse  has  suggested 
that  the  splanchnics  may  contain  both  motor  and  inhibitory  fibres,  the  former 
being  more  irritable  than  the  latter ;  that  is  to  say,  responding  to  a  feebler 
stimulus,  and  at  the  same  time  retaining  their  irritability  for  a  longer  period 
after  death.  Nasse,  experimenting  on  rabbits,  found  that  the  inhibitory  effect 
of  irritating  the  splanchnics  immediately  after  death,  was  limited  to  the  small 
intestines;  the  movements  of  the  stomach,  colon,  and  rectum  remaining  un- 
affected. The  arrest  of  movement  took  place  so  quickly  after  the  application 
of  the  stimulus  to  the  nerves,  as  to  lead  him  to  the  conclusion  that  it  was  a 
direct  effect,  and  not  secondary  to  contraction  of  the  bloodvessels,  and  of  the 


'  Experiments  made  Hke  those  of  Pincus,  Budge,  Adrian,  and  Lamansky,  with  a 
▼icw  of  determining  the  functions  of  the  coeliac  and  mesenteric  plexuses  by  noticing 
the  efffcts  of  their  abhttion  can  scarcely  be  of  any  service,  since  the  operation  re- 
quired is  accompanied  by  much  hsemorrhage  and  is  so  severe  as  to  cause  death  in  i\ 
few  hours.  However,  the  chief  phenomena  observed  have  been  congesti(>n,  and 
eccbymoi^es  in  the  mucous  membrane  of  the  stomach  and  small  intestine,  with  hyper- 
iecretion  of  mucus,  liquid  faeces,  and  more  or  less  severe  peritonitis.  M.  Mon*au, 
Coinpteii  Rendus,  18G8,  p.  554,  has  shown  that  section  of  the  nerves  supplying  a  fold 
of  intestine  leads  to  effusion  into  it. 

■  Houckgeest,  Pfliiger*s  Archiv,  1873,  Band  vi,  p.  266. 

•  Legros  and  Onimus,  Robin's  Journal  de  I'Anat.  et  de  la  Physiologic,  I860,  p. 
196,  state  that  the  application  of  interrupted  currents  of  electricity  to  the  pneumo- 
gastricft  produces  relaxation  and  immobility  of  the  intestines,  whilst  continuous  cur- 
rent* exert  but  little  action  upon  them.  Sanders  Ezn  (Humphry  and  Turner's  Jour- 
nal of  Anat.,  vol.  vi,  p.  242,  1872)  states  that  irritation  of  the  right  pneumogastric 
chiefly  causes  movement  in  the  duodenum,  and  irritation  of  the  left,  movement  in 
the  ilium.  Goltz  (Pfluger's  Archiv,  1872,  p.  616)  has  shown  that  in  the  fn>g  the 
excitability  of  the  myenteric  ganglia  is  very  greatly  augmented  when,  by  destruction 
of  the  brain  and  spinal  cord  or  section  of  the  pneumogastrics,  they  are  cut  off  from 
the  central  nervous  system,  which  therefore  in  this  animal  appears  to  exert  an  in- 
hibitory influence  upon  them. 

•  LiAter,  Proceed.  Roy.  Soc  ,  1858;  Nasse,  Beitrajjo  zur  Physiologic  der  Darm- 
bewegunscen,  1866;  Wundt,  Physiologic,  1873,  p.  191. 

•  See  Ludwif?  and  Spiess,  Sitzungsberichted.  k.  Akad.  der  Wiss  zu  Wien,  B.  xxv, 
1857,  p.  580;  Kolliker;  Houckgeest,  Pfluger's  Archiv,  B.  vi,  p  266;  and  others. 
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circulation.  KoUiker,  who  admits  the  inhibitory  power  of  the  splaDchnics, 
states  that  it  is  destroyed  by  woorara ;  and  Brunton^  was  unable  to  perceire 
it  in  several  animals  narcotized  by  chloral. 

97.  The  movements  of  the  intestines  appear  further  to  be  powerfully 
affected  by  the  quantity  of  blood  supplied  to  them,  as  well  as  by  its  arteriu 
or  venous  quality.  Nasse  observed  lively  movements,  both  when  the  veaseb 
were  rendered  anaemic  by  pressure  on  the  aorta,  and  when  blood  was  injected 
at  a  high  pressure.  S.  Mayer  and  v.  Basch'  remark  that  compression  of  the 
thoracic  aorta  usually,  but  not  alwavs,  causes  vigorous  contraction  both  of 
the  longitudinal  and  circular  muscular  fibres  of  the  intestines,  which  they 
attribute  to  the  excitation  either  of  the  peripheral  extremities  of  the  splanch- 
nic and  vagi,  of  the  solar  plexus,  of  the  ganglia  of  the  myenteric  plexus,  or 
possibly  even  of  the  muscular  fibres  themselves,  by  the  carbonic  acid  or 
other  product  of  disintegration,  which  accumulates  in  the  stagnating  blood. 
They  maintain  that  when  such  products  are  present,  lively  movemeots  can 
be  induced  by  irritation  either  of  the  splauchnics  or  of  the  pueumogastrics ; 
but  that  when  absent,  no  amount  of  irritation  of  these  nerves  has  any  effect 
Both  nerves,  therefore,  contain  motor  fibres  for  the  intestines,  which,  however, 
only  act  under  certain  conditions.'  Hermann^  remarks  simpl  v  that  saturation 
of  the  blood  with  oxygen  arrests  the  movements  of  the  intestmes,  whilst  satu- 
ration with  carbonic  acid  excites  them,  which  explains  to  some  extent  their 
activity  shortly  aflter  death.  The  whole  subject  requires  to  be  reinvestigated, 
since  Uorvath^  has  shown  that  temperature  has  a  very  powerful  influence 
in  determining  the  reaction  of  the  intestinal  walls  to  electric  stimulation. 
No  movements  occur  in  the  intestines  according  to  this  observer,  when  they 
are  cooled  below  06^  F.,  whilst  they  exhibit  spontaneous  movements,  and 
contract  on  the  application  of  electricity  between  66°  F.  and  106°  F.,  ai 
which  last  temperature  the  movements  are  sometimes  very  vigorous  and 
rapid,  supporting  in  Rabbits  and  Guiuea-pigs  a  column  of  water  18  centim- 
etres in  height.  Horvath,  in  opposition  to  the  statements  of  Nasse,  Leffros, 
and  Oiiimus  and  Mayer,  maintains  that  a  certain  fulness  of  the  vessels  is 
absolutely  necessary ;  no  contractions  occuring  in  amemia  even  at  a  high 
tem{)erature.  The  action  of  many  aperient  medicines,  as  Senna  and  Croton 
oil,  has  been  demonstrated'  to  be  due  to  their  producing  increased  peristalsis: 
if  pushed  too  far,  however,  and  if  their  action  be  very  violent,  they  diminish 
the  irritability  of  the  intestines  and  even  cause  paralysis,  a  fact  not  to  be 
overlooked  in  the  administration  of  purgatives  for  the  relief  of  constipation. 

»  Handbook  for  the  Phvs.  Laboratory,  1873,  p.  52G. 
'  Sitz.  d.  k.  Akud.  zu.  Wien,  B.  Ixi^  1870,  p  809. 

•  It  is*  to  bo  not^'d,  however,  that  although  tlic  nbsfnce  of  arterial  blood  causes  lively 
contractions,  none  are  produced  by  an  excc»ss  of  venous  bloi>d  in  the  mesenteric  Teint, 
such  as  may  be  occasioned  by  pressure  on  the  vena  ]H)rtie.  This  fact  is  admitted  by 
Mayer  and  Basch,  and  has  aln)  been  demonstrated  by  Legros  and  Onimus  (Robin's 
JnuVnal  de  Physiol.,  18G0,  pp.  37  and  103).  It  should'also  be  stated  that  Van  Braam 
Ilouckgeest  (Pfliiger's  Archiv,  1872,  p.  208),  who  operated  carefully  by  o^iening  the 
abdoniun  whiUt  the  anirnaU  experimented  on  were  immerned  in  water  containing  0.4 
of  common  salt,  at  blood  heat,  maintains  that  anaemic  conditions  prevent,  arrest,  or 
weaken  the  movements  of  the  intestines,  and  that  whilst  distension  of  the  vessels  with 
elthtr  arterial  or  venous  blood  favored  contraction  in  the  small  intestines,  the  latter 
condition  alone  seemed  t<>  increase  the  irritability  of  the  nervo-muscuiar  apparatus 
of  the  large  intestines  in  Rabbits.  Sanders  Ezn  (Humphry  and  Turner*^  Journal  of 
Anal.,  vol.  vi,  1872,  p.  242).  operating  in  the  same  way  as  Houckueest,  maintains 
that  the  amount  of  bloi>d  in  the  ve^scU  has  no  influence  on  the  intestinal  movements. 

♦  Physiologic,  1874,  p    130. 

•  Ceiitralblatt  f.  d   Med.  Wiss.,  1873,  p.  597  et  seq. 

*  By  Radziejewsky,  Archiv  f.  Anat.  v.  Physiolog.,  1870;  and  Legros  and  Onimus, 
loc.  cit. 
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Saline  aperients,  if  given  in  a  sufficient  state  of  concentration,  probably  act 
chiefly  by  producing  endosmosis ;  but  partly  also  by  causing  increased  secre- 
tion, not  by  increasing  peristalsis.*  Certain  poisons  excite  lively  intestinal 
movements.  Nasse  observed  that  injection  of  nicotin  and  of  sulphocyanide 
of  potassium  caused  violent  tetanic  spasms  of  the  small  intestines  in  rabbits. 
Opium  acted  but  slightly,  and  strychnia  and  woorara  were  totally  inoper- 
ative. Carbonic  acid  intoxication  caused  general  contraction,  but  no  active 
movements  of  the  walls  of  the  intestines. 

98.  The  rapidity  with  which  the  food  traverses  the  intestinal  tube  is  sub- 
ject to  great  variations.  In  a  case  of  duodenal  fistula  in  a  man,  recorded 
by  Kuhne,'  portions  of  uncoagulated  milk,  and  small  fragments  of  meat,  were 
observed  to  make  their  appearance  within  ten  minutes  of  their  being  swal- 
lowed. In  a  case  of  artificial  anus  which  opened  into  the  upper  part  of  the 
jejunum,  reported  by  Dr.  Busch,'  the  first  portions  of  food,  usually  appeared 
in  from  fifteen  to  thirty  minutes  after  ingestion.  Whilst  in  another  case 
reported  by  Dr.  Braune,*  in  which  the  artificial  anus  communicated  with  the 
intestine  a  few  inches  above  the  ileo-colic  valve,  the  first  appearance  of  the 
food  presented  itself  three  hours  after  ingestion,  and  the  last  about  six  hours 
after,  so  that  we  may  consider  the  time  occupied  by  the  food  in  traversing 
the  small  intestine,  to  be  about  2J  hours.  The  food  having  traversed  the 
small  intestine,  enters  the  cs&cum  by  an  aperture  guarded  by  a  valve  (the 
Ileo-csecal),  whose  lateral  position  is  clearly  a  provision  for  preventing  the 
whole  weight  of  the  Fseces,  as  the  remains  of  the  food  here  begin  to  be  called, 
by  which  it  might  be  forced  back,  from  resting  upon  it.  The  Foeces,  in  their 
ascent,  are  lodged  in  the  sacculi  of  the  colon,  by  which  they  are  supported 
during  the  intervals  of  the  peristaltic  action  of  the  Muscular  Coat.  In  their 
course  through  the  descending  colon,  they  pass  through  its  remarkable  sig- 
moid flexure,  by  which  they  are  prevented  from  directlv  pressing  against  the 
anal  orifice.*  According  to  the  observations  of  M.  Voit,"  in  cats  and  dogs 
the  evacuation  of  fseces,  known  by  their  characters  to  proceed  from  particu- 
lar kinds  of  food  previously  given,  almost  invariably  occupies  24  hours. 

99.  On  examining  the  outlet  by  which  the  faeces  are  voided,  we  find  that 
it  is  placed,  like  the  entrance,  under  the  guardianship  of  a  ganglionic  centre 
described  by  Masius,  termed  the  ano-spinal  centre,  situate  in  the  lower  part 
(opposite  the  sixth  lumbar  vertebra  in  the  Rabbit)  of  the  Spinal  Cord  ;  sub- 
ject, however,  to  some  control  on  the  part  of  the  will.  In  the  lowest  animals, 
the  act  of  discharging  excrementitious  matter  is  probably  as  involuntary  as 
are  the  acts  immediately  concerned  in  the  introduction  of  nutriment ;  and 
it  is  performed  as  often  as  there  is  anything  to  be  got  rid  of.  In  the  higher 
classes,  however,  such  discharges  are  much  less  frequent,  and  reservoirs  are 
provided,  in  which  the  excrementitious  matter  may  accumulate  in  the  inter- 
vals. The  associated  movements  required  to  empty  these  are  completely 
involuntary  in  their  character,  and  are  excited  by  the  quantity,  or  stimulat- 
ing quality,  of  the  contents  of  the  reservoir.     But,  had  volition  no  control 


'  L<*j>pro»  and  Onimus,  op  cit..  *  Physiologischo  Chemie,  1868,  p.  63. 

'  Virohow'8  Archiv,  vol.  xiv,  p.  140.  *  Archives  Goneralos  do  M6d.,  1861,  p.  610. 

•  r<»r  some  further  observations  on  Defecation,  the  reader  is  referred  to  O'Beirne, 
New  Views  of  the  Process  of  Defecation,  Washinsfton,  1834;  and  to  vol.  ii,  p.  400, 
of  Dr.  Au.«tin  Flint's  Physiology  of  Man,  both  of  whom  agree  in  believing  that  un- 
der ordinary  circumstances  the  rectum  is  contracted,  and  contains  neither  fajcos  nor 
gi»,  whilst  the  condition  which  immediately  precedes  the  desire  for  defecation  is 
probably  the  descent  of  the  contents  of  the  sigmoid  flexure  of  the  colon  into  the 
rectum.  They  admit,  however,  that  under  certain  circumstances  faeces  must  accumu- 
late in  tbo  lower  and  dilated  portion  of  the  rectum. 

•  Zeits.  f.  Biologic,  Bd.  ii,  p.  6. 
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over  thc^iTi,  great  inconvenience  would  ensue;  hence,  seniratian  i^  exciit'*!  by] 
the  &anie  stimulus  which  produce*,  the  uiovemeofcsjn  order  lhat»  by  aruUKin^l 
the  will,  the  otherwise  involuntary  motioDs  may  be  restrained  and  directed  J 
There  can  be  littb^  doubt^  from  the  exjjerimenta  of  Dr.  M.  Hall,  as  well  of  I 
from  other  considerations,  that  the  associated  movements  by  which  the  C4jq-| 
tents  of  the  rectum  and  bladder  are  discharged,  correspond  niucb  with  thci 
of  Respiration  ;  being  in  their  own  nature  excito-motor,  but  being  cajiahlej 
of  a  certain  degree  of  volunturj  restraint  and  ass^istance.     The  act  uf  I>efe-i 
cation  (a^  of  Urination)  chiefly  depends  «()on  the  combined  contniction  of  j 
the  abdominal  nuiiicles,  similar  to  that  which  i^  concerned  in  the  expiratoTyi 
movement;  hul,  the  glottis  being  closed  so  as  to  prevent  the  upward  ni<itiaftl 
of  the  diaphragm,  their  force  act.*  only  on  the  contents  of  the  abdumiiia* 
ciivity ;  and  i^ii  long  m  the  sphincter  u'f  the  cardia  remaiui?  clo.^ed,  it  mtm 
prem  downwards,  ujk>u  the  waJI«  of  the  rectum  and  bladder — ^the  eonteniJ 
of  the  one  or  tbc  other  of  the-ie  cavities?,  or  of  lioth,  being  expelled,  accord^ 
ii»g  to  the  coodition  of  their  rei^pective  sphincteral,    The§e  actions  are  doubt" | 
less  aj^f^ted  by  the  con  tract  ion  of  the  walls  of  the  rectum  and  bladder  them -J 
selvt^,  fi>r  we  soraetima^  fiud  their  agency  sufficient  to  expel  the  contents  * 
the  cavities,  when  there  h  a  total  |mralytiis  of  the  uniinary  expultioi^^,  pr 
vidcd  that  the  sphincters  be  at  the  ^me  time  eufficieutly  relaxed,     Thii« 
more  ej=pecially  the  ca^e,  when  their  power  h  augmented  by  incre^ised  unln4 
tion.     For  example,  in  many  cases  of  disease  or  injury  of  the  ^Sjjioal  CortlJ 
the  bladder  ceases  to  expel  lU  contents,  through  the  intetrnption  nf  ibel 
circle  of  reflex  action;  but  after  a  time,  the  nrx*essily  for  drawing  olT  ibsi 
nrine  by  the  catheter  is  found  to  exiJ^t  no  longer,  the  fluid  being  consftiiuilf  j 
€X|>elled  as  soon  as  it  has  accumulated  in  small  tjUantiLiey,     I  a  ^uch  i*um5^l 
the  mucous  coat  is  found  after  death  to  be  thickened  and  irtflamed,  udiI  Ihel 
muscular  Cisat  to  be  greatly  incrca.sed  in  strength^  and  ciuitrac'li^d  ujion  (i>«*lt| 
It  would  seem,  then,  that  tlie  abnormal  irritability  of  the  mucou*  membrane,  - 
and  the  increase*!  liutrition  of  the  muscular  substance  which  appenrs  coiii;^ 
quent  u\Km  it,  enable  the  latter  to  expel  the  urine  without  the  as^butiioe 
the  ordinary  expulsors. 

too.  On  the  other  hand,  the  sphincters  which  antagonize  the  exjfcneni 
action  are  u.^ually  maintained  in  a  state  of  moderate  contraction,  jjo  as  to^ 
afford  a  conjjtant  cheek  to  the  egress  of  the  contents  of  the  cavities;  and 
thii  condition  hai?  been  fully  [jroved  by  Dr  M,  Hall  to  result  from  their 
eonnection  with  the  Spinal  Cord,  ceiising  completely  when  this  is  interrupted. 
But  the  sphincters  are  certainly  in  part  controlled  by  the  will,  and  are  made 
to  act  in  obedience  to  the  warning  given  by  sensation;  and  this  voluatarv 
jMVwer  is  frc<iucntly  difstr'*yed  by  injuries  of  the  Brain,  whilst  the  Spina' 
Cord  remains  able  to  pertornt  all  its  own  functions,  so  that  discharge  of  thi 
urine  ami  ftecejg  occuni.     In  their  state  of  moderate  excitement,  the  expulm>r 
and  the  sphinctci^  may  be  regar<led  as  balancing  one  another^so  far  us  iheij 
reflex  action  is  concefne<K  the  latter  having  rather  the  predominance,  so  as 
to  i-e&train  the  operation  of  the  former,     But^  when  the  quantity  or  quality 
of  the  contents  of  the  cavity  gives  an  exceg^iive  stimulus  to  the  former,  tbi*if^ 
action  predominates,  unless  the  will  be  put  in  force  to  strengthen  the  resist 
ance  of  the  sphincter ;  this  we  are  Imiuently  experiencing,  sometimes  to  oui 
great  discomtort.     On  the  other  hand,  if  the  stimulus  be  deficient,  the  will 
must  aid  the  expulsors,  in  order  to  overcome  that  resistance  which  is  due  \ 
the  reflex  contraction  of  the  sphincten?;  of  this  also  we  may  convince  our 
aelvcs,  when  a  sen^e  of  propriety,  or  a  prospective  regard  to  conveniencejl 
occasions  us  to  evacuate  the  oon tents  of  the  rectum  or  bladder  without  a 
oatural  coll  tu  do  so. 


ciiAJCel! 
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4-   Ojr*  the  Chtm^t4  tvhich  (he  Food  underf^t^e^  during  U»  pasm^e  along 
the  AHmeiitary  Canal. 

lOL  The  object  of  tlie  Digestive  process,  as  already  poioted  out,  is  to 
Ifduce  the  Alimeotarj  matters  to  a  condition  in  wliieh  they  can  be  intro- 
dttoed  by  Absurptnm  inttj  the  €ircu latin g  i^yMenK  Tins  rediicnon  is  partly 
•i^cted^  as  we  have  lieen^  by  Mecb finical  means;  but  it  ij$  chiefly  dne  to  the 
Cheniicsil  agencies  which  are  brought  to  bear  upon  the  inge&tefl  ^ubiitanec9» 
during  their  transit  lhroup:h  the  mouth,  the  stoinach,  and  the  upper  [Mirtion 
of  ihe  iut*i?^tinal  tube.  The  first  of  thesae  Is  exerted  by  the  S^Umtrtf  fkiid^ 
wbk-b  k  ineurpjmteil  with  the  food  in  the  aet  of  unigtication,  and  of  ivhicb 
a  latjL'e  tjozintity  desoeiKb  with  it  to  the  stomach.  For  the  secretion  of  this 
finiil,  it  win  be  remembered  that  three  paini  of  glands  of  cousiderable  lize 
are  pr«>viiied,  mimely,  the  parotid,  the  sublinpml,  and  the  submaxillary. 
But  ill  addilioti  to  tbe!ie  there  is  a  small  pair  ^iluatrd  jus?t  at  the  tip  of  the 
Um^ue,  whlkt  a  very  important  part  of  the  fluid  Is  furnii>hed  by  the  lingual 
and  pahitiue  glands:,  and  by  the  numerous  follicular  gland;*  lodged  in  and 
beueatb  the  buceal  mucoua  mendjnme*  The  larger  Salivary  glands  are  all 
cciri!^tructed  upnii  the  type  of  tubular  glands,  the  principal  features  of  which 
are  sbown  iu  Fig?v  60  and  61.     The  excretory  ducts  h/,  Fig.  61),  which  are 


Fio.  oo, 


Fio.  61. 


~**"ZF 


,  CO  _D>1iu]r  of  Parotid  Glitirl  of  newborn  Infust,  f nJRct*  *!  wiih  tus-Ttiatj,  Magnt Ai'd  50*nAiiiet*ri. 
V  ttl.^-^tibmAilUjiryGtaud  of  tlip  Dt>^,  a,  luiieniis  cells ;  t>,  |fri>tf>plusiii  tuM^;  c,*h:m\ltiUi!  af  (iian- 
;  4,  tmuTcne  ai-xticiu  of  nu  exon^tory  duct,  irllti  lu  iH^uLIar  catuuitmr  epHbelkt  a-Mi, 

lined  hf  columnar  epithelium,  divide  and  gnbdinde  till  they  terminate  ia  a 
seHes  of  fbliicles,  which  contain  (to  a  greater  extent  in  the  case  of  the  sub- 
lillary  than  of  the  others)  large  tratiBparent  uou-granular  cells,  with  an 
entric' nucleus  (a  a) ;  and  iu  additiou  a  mass  of  what  appears  at  fir:*t  sight 
be  granular  protoplasm,  with  interspersed  nuclei,  the  "  demilune*'  of  Gi- 
iaiiui^i'  ie},  but  later  investigations  show  that  this  is  composed  of  many 
cloae  ly  *co  m  pressed  ce  \  I  s.  Otb  er  vesicl  es  con  ta  i  u  th  e^^e  pr*  ^topl  as  m  eel  Is  a  1  on  e  / 
Ewald  aod  otbei^  have  observed  a  fine  plexus  surrounding  the  individual 


*  Boricht  4.  aSichfl  Oe*ellseh.  d.  Wks.,  1860,  p,  (^8. 

*  Ffluger,  ScbuLUe'i  Archiv,  Bd.  v,  p.  203. 
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cells,  which  they  believe  to  be  the  origin  or  ultimate  termtoatioo  of  tbe  I 
vary  diict^.^     The  follicles  are  surroutuled  by  a  rich  plesu^s  of  blocMlve 
the  interstices  of  which  form  spaces  from  which  the  lymphatic-^  take  origin 
(GiaiiQUzxi).     Pfluiser*  believes  he  has  been  able  to  follow  nerve-fibrt'*  itm  \ 
direct  couliiiuity  with  the  eelk  lining  the  acini  and  duets  of  the  isalivar?  , 
glands,  and  de*tf?ribe^  no  less  than  four  modes  of  termination.     In  th«*  fim  ^ 
(1  and  2,  Fig.  62),  a  'cerebm-spinal  nerve-fibTe  loses  it^  sheath  as  it  |ms»e9 
through  the  basement^nembrane  of  the  acinus,  with  which  the  sheath  be- 
come.^ continuous,  whilst  the  medulla  pasJii^  on  between  the  glanil<*ells  and  j 
divides  into  finer  fibres^  each  of  which,  regaining  a  gheath,  performs  the  j 


S^ 


^li>de»  of  T**rTO  I  nation  of  the  Nt^rff*  la  »hp  SalUkrjr  Giai»d».     I  »itd  2,  branrhiug  of  thn  mrti^  Tw»«J 
a  unrarj  cvJL;  \  vjirlcfine  nervfsfibreft  enlertiig  Ibecjlitulrtval  ccllsi  nt  ther  mtcnttory  dui  t«. 

wall  of  one  of  the  secreting  cells,  and  terminates  in  the  nurleu§.     In  thol 
second  mwle  {4,  Fig,  (52),  the  nerve-fibres,  which  probably  belong  to  thel 
it^mpuihfiw  sifstem,  terminate  in  multipolar  ganglion  cells,  §*jme  of  the  offHetil 
or  caudate  prolongations  of  which  in  like  manner  penetrate  the  wceretingl 
cells,  and  terminate  in  the  nuclei.     In  the  third  mode  (3^  Fig,  62),  a  nerve- 
fibre,  invested  with  a  sheath  containing  nuclei,  within  which  are  nnn>eronSj 
variccrsc  axis  cyliuderT?*  covered  by  a  thin  layer  of  medullary  sul>stance,  ter-| 
minates  ijeriphically  in  a  conical  enlargement,  which  he  t^rms  a  **  prnlo 
plasma*foo£  or  expausion,^'  and  which  he  regards  as  a  kind  of  intermediate] 
organ  between  the  nervous  and  glandular  substance.     Lastly,  he  ha^  ob- 
served certain  nc-rve-fibres  di-Hributed  to  the  cylindrical  cells  lining  the  sali- 
vary ducts  (5,  Fig.  62),     The  attached  extremity  of  these  cells   is  oftca 
marked  with  longitudinal  strise,  and  is  continued  for  some  distance  as  a  varKl 
cose  prolongation.    The  nerve-fibr^  lie  beneath  the  basement-membraQe^] 


*  BolJ  lias  described  nn  intrii-ftlveqliir  reticuluni  of  confieclivo  ibtue  which  it  pfr* 

hiip«  tdonlienl  wHb  it 

*  PnmphleU  On  iboTerminfttionH  of  the  Secretory  Nervea  of  the  Salivar'  ■  r 
1SG6;  and  Modioin.  (J^ntnilUlHll  Nos.  10  Hlid  14,  18^6;  i&e  »1so  pHl^ndliHi 
in  Centr»ibltttl,  187!J»  p,  TB2),  wbn,  however,  wuft  only  able  lo  Irflco  ncni-tir^iui  ,r»i'^  J 
nerve- iHire*  into  ihci  secpijtnry  celU  of  the  jabinnxillnry  glnnd  in  the  Hi^rft^-  -^^pl 
(Ab:itrHrt  in  Outra^b^itt,  1873,  p.  565)^  Mnjer,  Bering,  Krunse,  Scbwivigjj|;t(r'S»?t<1<'t,« 

lfiefik»,  Klein,  Ewatd,  and  mnny  utbersi,  express  j*ruve  doubU  ns  to  ihfl  it^currtcy  of 
PflQ|Trr'*¥tnlement*  of  tboniodQ  of  t^rminalion  of  the  nervea  in  tho  fntivttry  glundi,  ^ 
mnd  the  mbj€ct  mny  bo  regarded  as  being  stLll  m&jmliec. 
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and  form  exquisitely  fine  threads,  with  swellings  or  varicosities  upon  them, 
which  he  has  been  able  to  trace  into  direct  continuity  with  the  above-men- 
tioned prolongations  of  the  epithelial  cells,  several  passing  into  each  cell. 
The  development  of  the  salivary  glands  commences  during  the  second  half 
of  the  second  month,  in  accordance  with  the  general  plan  of  the  acinous 
glands,  by  a  simple  protrusion  of  a  part  of  the  wall  of  the  oral  cavity,  which 
subflequently  gives  off  budlike  processes. 

102.  Numerous  researches  have  shown,  that  the  characters  of  the  fluids 
poured  forth  respectively  from  the  three  principal  glands  are  by  no  means 
kteotical ;  and  that  the  buccal  mucus  has  a 
▼ery  important  share  in  the  operations  of 
that  mixed  product,  which  constitutes  the 
ordinary  Saliva.  The  specific  gravity  of 
this  fluid  may  vary  within  the  limits  of  health 
from  1002  to  1009.  The  variations  appear 
to  be  partly  referable  to  the  amount  of  solids 
and  liquids  ingested,  and  partly  to  the 
amount  of  the  secretion  previously  poured 
out ;  but  it  may  be  in  some  measure  attrib- 
uted to  a  difference  in  the  proportions  of 
the  fluids  poured  into  the  mouth  by  the 
several  glands  which  secrete  them.  Mixed  Saliva  is  found  to  contain  a  few 
epithelial  scales  thrown  off  by  the  buccal  mucous  membrane,  and  a  small 
number  of  minute  corpuscles  proceeding  chiefly  from  the  lingual  and  ton- 
sillitic  glands,  which  perform  curious  spontaneous  and  Amoeba-like  move- 
ments.' Its  reaction  is  always  alkaline  in  health,  which  is  due  to  the  pres- 
ence of  the  tribasic  phosphate  of  soda;  but  the  degree  of  alkalinity  varies, 
being  greatest  during  and  after  meals,  and  least  after  prolonged  fasting, 
when  the  fluid  is  almost  neutral.  Its  temperature  at  the  moment  of  secre- 
tion is  always  from  1**  to  2°  Fahr.  higher  than  the  arterial  Blood  supplying 
the  gland.'  According  to  Oehl,^  the  saliva  is  secreted  and  discharged  by 
the  parotid  duct,  under  a  pressure  amounting  at  its  maximum  to  a  column 
of  water  of  six  inches  in  height.  Tlic  following  are  some  of  the  chief 
analyses  of  this  fluid  that  have  been  made: 
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>  Brtlfke,  Sitzunpsbericht  d.  Wiener  Akad  ,  Bd.  xlv. 

«  Kohne,  Phys.  Cheniie,  1806,  p.  6.  '  La  Saliva  Uinana,  etc  ,  Pnvia,  1864. 

*  Simon,  Animal  Chemistry,  vol.  ii,  p   4.      *  Donders's  Phys.,  p.  188,  1859. 
«  See  Canstatl's  Jahresbericht,  1850,  p.  136. 

'  Ir.aug.  Diss.,  De  Saliva.  Dorpati,  1848. 

•  Brit,  and  For.  Med.-Chir.  Rev.,  1860,  p.  207. 
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According  to  the  refsearches  of  Pfliiger*  100  c.c.  of  the  saliva  of  the  dog 
contains  about  0.5  per  cent,  of  its  volume  of  oxygen,  al)out  0.7  or  0.8  per 
cent,  of  nitn^gen,  and  from  49.2  to  64.7  per  cent  of  carbonic  acid,  of  which 
one-third  is  free,  whilst  the  rest  is  eliminated  on  the  addition  of  phosphoric 
acid.  The  substance  to  which  the  designation  o^  ptyalin  is  given,  is  that  on 
whose  presence  the  peculiar  properties  of  the  Saliva  appear  to  depend;  anil 
it  seems,  as  regards  its  chemical  nature,  to  be  an  albuminous  compound, 
since  it  coagulates  by  heat,  nitric  acid,  and  electricity;  the  precipitate  is  in- 
soluble in  water  and  in  alcohol,  but  soluble  in  concentrated  hydrochloric 
acid  with  the  production  of  a  beautiful  violet-red  color,  and  it  gives  a  violet 
color  when  treated  with  sulphate  of  cop])er  and  caustic  potash.  A  large 
pi^Dportion  of  this  albuminous  substance  is  present  in  the  saliva  of  the  horse, 
but  only  traces  of  it  exist  in  that  of  man,  and  it  appears  to  be  in  such  a  state 
of  unstable  equilibrium  that  it  acts  the  part  of  a  ''ferment.'"  Potassium 
Sulphocyanide,  considered  by  Bernard'  to  be  only  occasionally  present,  and 
attributed  by  some  to  the  presence  of  carious  teeth,  and  by  others  conceived 
to  have  been  mistaken  for  Nicotin,  the  essential  oil  of  Tobacco,  has  been 
found  by  Harley  and  Longct  to  be  a  constant  constituent  of  the  Saliva  in 
persons  possessing  perfectly  sound  teeth,  and  not  addicted  to  smoking.  It 
is  absent  in  the  Saliva  of  tlie  Ilerbivora.  Its  use  may  possibly  be  that  sug- 
gested by  Kletzinsky,*  to  ])revent  the  formation  of  fungoid  s})ores  between 
and  in  the  cavities  of  tiie  teeth.  In  a  medico-legal  point  of  view,  the  exist- 
ence of  a  sulphocyanide  in  the  saliva  has  a  special  importance;  since,  if  in  a 
state  of  sufficient  concentration,  it  causes  the  saliva  to  exhibit  the  same 
blood-red  color,  when  treated  with  a  persalt  of  iron,  as  that  which  is  produced 
by  meconic  acid.  (The  difference  between  the  two,  however,  is  easily  made 
apparent,  by  adding  a  solution  of  perchloride  of  mercury;  for  this  causes  the 
color  pro<luced  by  tlie  sulphocyanide  to  disappear,  whilst  it  has  no  action  on 
that  which  is  due  to  the  presence  of  meconic  acid.)  To  determine  the  nature 
of  the  differences  in  the  composition  and  physical  characters  of  the  secretion 
of  the  several  salivary  glands,  Bernard  inserted  tubes  into  their  ducts,  and 
found,  on  placing  a  few  drops  of  vinegar  on  the  tongue  of  a  dog,  that  the 
submaxillary  saliva  was  immediately  secreted,  sjMjedily  foUowetl  by  that 
from  the  parotid,  and  at  a  later  ))eriod  by  that  from  the  sublingual.  The 
parotidean  saliva  was  clear  and  watery,  with  a  specific  gravity  varying  from 
1003  to  1006,  and  containing  only  0.47  per  cent,  of  solid  residue  in  the  Dog, 
and  0.76  in  the  Horse  ( Lehman n  i.  The  fluid  discharged  by  the  sublingual 
gland  was  thick  and  viscid,  whilst  that  of  the  submaxillary  was  intermediate 
in  this  respect  to  the  others,  having  a  spe(jific  gravity  of  lOOo.  Hence  Ber- 
nard was  led  to  suggest  that  the  submaxillary  gland  ministers  to  the  sense 
of  taste,  whilst  the  parotid  is  connected  witii  mastication,  and  the  sublingual 
with  deglutition.  The  size  of  the  parotid  in  animals  is  proportionate  to  the 
degree  in  wiiich  the  masti(*ation  of  their  food  is  performed.  It  is  large  in 
the  horse,  which  lives  on  comparatively  dry  food,  less  in  carnivora,  and 
still  less  in  the  aquatic  mammals,  as  the  seal.  It  is  absent  in  birds,  which 
swallow  their  food  whole.'*  The  submaxillary  gland  is  largely  developed  in 
the  carnivora,  but  is  again  reduced  to  a  minimum  in  birds.     The  Salts,  ac- 


1  Plliiiror's  Arrhiv,  Haml  i,  18t;8.  p.  088. 

2  V.  Wittich  (Pfliii^cr's  Archiv,  BmihI  iii,  1870.  p.  830 1,  in  order  to  obtnin  it,  recom- 
m(.Mids  tho  tiiH'ly-divi(l«'<l  tissiio  to  be  tr<*ntod  with  absolute  nlcobol  for  24  hoiirji,  after 
which  tho  re^idu*'  i:*  to  be  «*xtraolH  with  irlyeorin.  Korowin  (ContrnlblHtt,  1878, 
p.  o(K'n  Mild  Jul.  Sehirt*iT  i  Archiv  f.  Anat.  v.'  Physiol.,  1872,  p.  404).  show  that  it  is 
prc'si'iit  in  thv  salivn  iniine<liatoly  after  birth. 

3  L.V«Mi>,  iSo'),  t.  ii,  p.  243.  *  Heller's  Arcbiv,  1888,  p.  89. 
*  See  Hernurd's  Lectures,  in  the  Kev.  Scientifiquc,  1873. 
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cording  to  the  analyses  of  Schmidt,  consist  chiefly  of  potassium  and  sodium 
chloride,  sodium  phosphate  (to  which  the  alkaline  reaction  of  the  saliva  ap- 
pears to  be  due),  calcic  carbonate — giving  it  its  cloudy  appearance  when  its 
reaction  is  neutral  (^Oehl) — earthy  phosphates,  and  oxide  of  iron.  Bernard 
has  shown  that  various  salts,  after  their  introduction  directly  or  indirectly 
into  the  Blood,  rapidly  make  their  appearance  in  the  saliva;  this  is  particu- 
larly the  case  with  Iodide  of  Potassium,  which  ;:»an  often,  though  not  always 
(Harley),  be  detected  in  the  saliva  long  before  its  appearance  in  the  urine. 
The  Tartar  which  collects  upon  the  teeth,  and  the  salivary  concretions  which 
occasionally  obstruct  the  ducts,  consist  chiefly  of  the  earthy  phosphates  held 
together  by  about  20  per  cent,  of  animal  matter.  The  fluids  which  are  se- 
creted by  the  three  principal  glands  appear  (from  the  experiments  to  be  pres- 
ently cited)  to  have  very  different  degrees  of  efficacy,  in  producing  that 
chemical  change  in  the  food  which  it  is  the  peculiar  attribute  of  this  secre- 
tion to  exert. 

103.  Of  the  quantity  of  Saliva  which  is  secrete<l  daily,  it  is  impossible  to 
form  an  exact  estimate,  since  it  varies  greatly  with  the  character  of  the  food 
ingested,  and  the  frequency  with  which  that  food  is  taken  ;  the  secreting  pro- 
cess being,  indeed,  almost  suspended  when  the  masticating  muscles  and  tongue 
are  completely  at  rest,  unless  excited  by  a  nervous  stimulus.  The  taste,  the 
sight,  or  even  the  idea,  of  savory  food,  is  sufficient  to  cause  a  flow  of  saliva, 
especially  after  a  long  fast;  but  it  is  by  the  masticatory  movements  that  this 
flow  is  chiefly  promoted,  so  that  the  amount  poured  forth  will  in  a  great 
degree  de|)end  upon  the  duration  of  these  movements, — this,  again,  being 
jrovemed  by  the  degree  in  which  the  food  requires  mechanical  reduction. 
Harley,  with  great  probability,  estimates  it  at  from  1  to  2  lbs.  in  man. 
Oebl  found  the  quantity  obtained  by  catheterization  from  the  submaxillary 
gland,  as  compared  with  the  parotid,  to  be  as  3  :  1.  He  obtained  only  26 
grains  per  hour  from  a  fasting  man,  and  still  less  (15  grains)  after  food  had 
been  taken.  The  influence  of  the  kind  of  food  upon  the  quantity  secreted 
was  well  shown  by  Lassaigne,*  who  found  on  abstracting  the  Bolus  of  food, 
as  it  passed  down  the  oesophagus  in  Horses,  that  100  parts  of  green  stalks 
were  mingled  with  49  parts  of  saliva,  the  same  quantity  of  oats  and  barley 
with  from  113  to  186  parts,  and  of  dry  hay  with  406  parts  of  saliva.  Dr. 
Dalton,  however,  did  not  observe  such  difference  in  Man,^  since  10  parts  of 
fresh  cooked  meat  gained  48  per  cent.,  whilst  dry  wheaten  bread  did  not 
gain  more  than  55  per  cent,  of- its  weight  after  thorough  mastication.  In 
M.  Oehrs  experiments,  Salt,  Pepper,  Vinegar,  and  Quinine  excited  the  flow 
of  saliva  from  the  parotid  and  submaxillary  glands  to  about  an  equal  degree. 
Honey  chiefly  effected  an  increase  of  the  submaxillary  saliva.  Butler  Stoiiey' 
found  in  a  woman  with  parotid  ffstula,  that  the  flow  of  saliva  from  this  gland 
was  stimulated  by  mastication  alone,  but  much  more  by  the  mastication  of 
any  sapid  substance,  especially  if  acid  (tartaric  acid).  Potassium  iodide  in- 
gested by  the  mouth,  appeared  in  the  saliva  in  29  min.  30  sec. 

104.  Besides  the  preparation  of  the  food  for  tiie  ulterior  changes  which  it 
has  to  undergo,  by  promoting  its  mechanical  reduction  in  the  act  of  mastica- 
tion, and  by  facilitating  the  subsequent  admixture  of  other  watery  fluids,  and 
besides  the  material  assistance  which  it  affords  to  the  act  of  deglutition,  the 
Saliva  fulflls  other  and  perhaps  still  more  important  purposes.  Without  its 
solvent  action  on  many  of  the  solid  constituents  of  our  food,  their  taste  would 
be  either  greatly  diminished  in  intensity  or  altogether  lost.  Moreover,  by 
lubricating  the  surfaces  of  the  mouth  and  teeth,  it  prevents  the  adhesion  of 


»  C   Rend.,  xxu  p.  862.  »  Humnn  Physiology,  1861,  p.  112. 

*  Humphry  and  Turner's  Journ.  of  Anat.  and  Phys.,  1873,  vol.  vii,  p.  161. 
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vLsrid  substances,  \^'hilst  its  presence  is  of  great  importance  in  enabling  the 
tongue  to  perform  the  rapid  movements  requisite  for  distinct  articulation,  as 
is  clearly  indicated  by  the  thick  and  almost  unintelligible  utterance  of  those 
in  whom  from  any  cause  the  mouth  and  tongue  have  become  dry  and  parched. 
Lastly,  there  can  be  no  doubt  that  it  has  a  powerful  chemical  action  upon 
the  farinaceous  constituents  of  food,  the  influence  being  of  a  continuous 
nature,  and  resembling  the  action  of  a  ferment,  so  that  a  small  proportion 
of  Ptyalin  will  convert  a  considerable,  though,  according  to  Paschutin,*  not 
an  indefinite  quantity  of  starch  into  sugar.  In  Mialhe's  experiments,  one 
part  of  Ptyalin  was  found  to  effect  the  conversion  of  2000  parts  of  starch, 
first  into  dextrin  and  then  into  grape  sugar.  If  the  starch  be  crude  or  raw 
the  time  required  is  considerable,'  amounting  to  two  or  three  days  even  at 
blood  heat,  but  the  rapidity  with  which  it  takes  place  under  favorable  circum- 
stances is  very  great ;  thus  Viutschgau'  found  that  if  well  boiled,  thin  Rtarch 
paste,  which  had  been  rendered  blue  by  the  addition  of  Iodine,  were  added 
drop  by  drop  to  Saliva  at  a  temperature  of  98^  or  99°  F.,  the  color  instantly 
disiippeared  ;  and  Dr.  Dalton  found  traces  of  sugar  in  starch-paste  which  had 
been  kept  in  the  mouth  within  30  seconds.  The  temperature  at  which  the 
action  is  most  intense  is  from  100.4°  F.  to  105.8°  F.*  This  power  is  not 
peculiar,  however,  to  the  Saliva;  for  M.  Bernard  has  shown  that  many 
azotized  substances  in  a  state  of  incipient  decomposition,  exert  a  similar 
agency :  still  it  appears  to  be  possessed  by  Ptyalin  in  a  much  greater  d^ree 
than  any  of  these  (save  the  pancreatic  fluid,  which  resembles  saliva  in  this 
property),  the  transformation  of  starch  under  its  influence  commencing  im- 
mediately, and  continuing  energetically  until  it  is  entirely  effected.  The 
activity  of  Ptyalin  is  destroyed  by  a  boiling  temperature.  Its  presence  has 
been  ascertained  in  man  in  the  saliva  secreted  by  all  the  glands;  but  in  the 
dog  it  is  absent  in  the  parotidean  fluid,  and  it  exists  only  in  small  quantities 
in  the  secretion  of  the  other  salivary  glands,  which  is  in  accordance  with  the 
nature  of  the  food  of  this  animal.  In  man,  the  transforming  process  is  cer- 
tainly not  checked  on  the  passage  of  the  food  into  the  stomach,  as  it  is  in  the 
dog,  which  is  partly  owing  to  the  larger  proportion  of  Ptyalin  his  saliva  con- 
tains, and  partly  to  the  acidity  of  the  gastric  juice  being  much  less.  It 
would  appear  that  the  Saliva  has  little  or  no  chemical  action  on  either  the 
oleaginous  or  on  the  azotized  constituents  of  the  food,  and  its  operation  on 
them,  if  it  have  any,  must  therefore  be  purely  physical. 

lOt).  The  secretion  of  the  saliva  takes  place  remittingly  under  nervous  in- 
fluence, the  conditions  of  which  have  been  ver\'  carefully  investigated  by 
Bernard,'^  Ludwig,«  Eckhard,'  Schiff;*  v.  Wittich,»  and  bidder."  In  the 
dog,  the  submaxillary  and  sublingual  glands  are  supplied  by  the  Sympa- 
thetic and  by  a  nervous  circle  formed  by  the  Glosso- pharyngeal  and*  Fifth 
as  sensor)'  nerves,  and  the  facial  as  a  nerve  exciting  secretion,  the  active 
fibres  of  the  latter  passing  into  the  chorda  tyrapani  nerve,  and  proceeding  to 
the  submaxillary  ganglion.  The  different  action  of  the  sympathetic  fibres, 
and  of  those  coursing  in  the  chorda  tynipani,  when  stimulated,  is  verv  curious, 
effecting  actually  a  change  in  the  character  of  the  Saliva  secretecf.  If  the 
two  glands  above  mentioned  are  cleanly  dissected  out,  they  may  be  seen  at 


>  Contrulblrttt,  1871,  p.  372.        »  SchitT,  Physiologic  do  la  Digestion,  1867,  p.  158. 

•  Atti  del  Instituto  V«'ni;lo,  t.  iv,  18'>9. 

•  Paschutin,  Contralblatt,  1870,  p.  677. 

6  Lc-clurc8,  iMed.  Times  and  Gaz.,  vol.  i,  18C0,  pp.  288-3C1. 

•  Lehrbueh  dc^r  Phvsiolo^io,  Hand  ii. 

7  Heitrafifo,  Bd.  ii,  p  205;  iii,  18fJ2,  p.  41 ;  iv,  1807,  Hoft  2. 

•  Pliysiologip,  185J>,  p.  303.         •  VirchowV  Archiv,  Bd.  xxvii  and  xzxiz. 
i<>  Kciohcrt  and  Dubois-Reymond's  Archiv,  180G,  p.  839. 
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re«t,  secreting  little  or  do  saliva,  whilst  the  venous  blood  returning  from  them 
b  of  a  dark  tint.  If  a  drop  of  vinegar  be  now  placed  upon  the  tongue  of 
the  animal,  the  arterial  twigs  supplying  the  gland  immediately  enlarge,  the 
rapidity  of  the  current  of  blood  is  increased,  the  veins  pulsate  and  convey 
scarlet  blood,  the  pressure  of  which  on  their  inner  surface  is  Considerably 
increased,  and  there  is  an  abundant^  discharge  of  limpid,  highly  alkaline 
saliva,  containing  small  quantities  of  albumen  (Globulin)  and  mucin.  (This 
is  termed  chorda  tympani  saliva.)  These  conditions  are  brought  about  by 
an  action  transmitted  through  the  sensory  branches  of  the  fifth  and  glosso- 
pharyngeal nerves  to  the  Medulla  oblongata,  from  which  it  is  reflected  through 
excito-secretory  nerves  contained  in  the  chorda  tympani,  and  primarily  de- 
rived from  the  facial.     If  either  of  these  latter  nerves  be  cut,  the  current  of 

Fio.  64. 


The  Submaxillarj  and  Subliogual  Glands  of  the  dog,  with  the  Derves  and  vessels  in  relation  to  the  sub- 
■laxillary  gUod ;  to  shoir  the  mechanism  of  the  secretion  in  this  gland. 

V,  submaxillary  saliTarj  gland  ;  o,  sublingual,  jm,  Wharton's  duct ;  jl,  duct  of  sublingual,  <*acli  with 
acanula  tied  into  it ;  t  ss'  lingual  branch  of  the  inferior  maxillary  division  of  thu  Fifth  nerve;  ss', 
branches  distributed  to  the  mucous  membrane  of  the  mouth  ;  k,  facial  nerve ;  c,  chorda  tympani ;  a, 
branch  of  the  Facial  distributed  to  the  submaxillary  gland  after  running  for  a  short  distance  with  the 
Ungual  of  the  Fifth;  ff,  submaxillary  sympathetic  ganglion;  9,  superior  cervical  ganglion;  p,  branch 
from  this  ganglion  to  the  submaxillary  gland ;  j,  internal  maxillary  artery  ;  v,  vidian  nerve  ;  /,  branch 
of  the  lingual  nerve  ramifying  in  the  buccal  mucous  membrane. 

blood  becomes  slower,  its  color  in  the  veins  black,  the  secretion  of  Sdliva 
diroinibhes,  and  vinegar  placed  on  the  tongue  no  longer  excites  the  secretion  ; 
whilst,  if  their  distal  cut  extremities  be  again  irritated,  all  the  former  phe- 
nomena recur.  On  the  other  hand,  if  the  sympathetic  branches  proceeding 
to  these  glands  be  directly  irritated,  the  current  of  blood  becomes  very  slow, 
in  consequence  of  the  contraction  of  the  vessels,  its  color  in  the  veins  very 
dark,  and  the  secretion  of  Saliva,  whilst  it  diminishes  in  quantity,  becomes 
at  the  same  time  cloudy  and  remarkably  viscous,  contains  more  albumen 
and  mucin,  and,  according  to  Eckhard,  a  remarkable  number  of  sarcode-like 
bodies  possessing  the  power  of  spontaneous  movement.  (This  is  termed  sym- 
pathetic  mUvo.)  That  the  secretion  does  not  wholly  cease  after  section  of  the 
chorda  tympani,  is  believed  by  Bernard  to  be  due  to  the  reflex  action  of  the 
submaxillary  ganglion,'  but  even  when  the  sympathetic  fibres  are  divided,  it 

*  856  ^mins  in  one  hour  in  a  dog  (Ludwig). 

•  Though  thi»  is  rendered  very  doubtful  by  the  experimentA  of  Schiff,  Lemons  snr 
U  Physiologie  de  !«  Digestion.     Florence,  1866. 
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is  not  entirely  stopped,  a  small  quantity  of  so-called  paralytic  saliva  continu- 
ing to  be  secreted  when  the  tip  of  the  tongue  is  excited  by  induced  electricity. 
The  nervous  circle  stimulating  the  parotid  glands  to  activity  in  the  dog  ap- 
I)ears  to  be  completed  by  the  sensory  fibres  of  the  Glosso-pharvngeal  and 
gustatory  of  the  Filth,  which  transmit  the  impressions  of  taste  to  the  Cerebro- 
spinal nervous  centres,  from  whence  a  motor  impulse,  inducing  increased 
secretory  activity,  is  reflected  through  the  Facial  and  the  nervus  petrosus 
superficialis  minor  to  the  otic  ganglion,  and  from  thence  to  the  gland  through 
motor  fibres  contained  in  the  auriculo-temporal  branch  of  the  fifth.  It  is 
possible  also  that  the  otic  ganglion  may  be  the  centre  of  refiexion  without  the 
cerebro-spinal  centre  being  in  any  way  implicated,  the  sensory  impression 
passing  by  the  Glosso-pharyugeal  and  the  nervus  petrosus  superficialis  minor, 
and  being  reflected  at  the  ganglion  upon  the  gland  through  the  auriculo- 
temiwral.  Section  of  the  Nervus  petrosus  superficialis  minor  in  the  rabbit 
cauiies  an  immediate  increase  of  the  flow  of  saliva  from  the  parotid  gland, 
which  lasts  for  ten  minutes,  and  then  subsides  gradually,  though  it  does  not 
entirely  cease.  Schiff*  believes  it  to  be  the  vaso-motor  dilator  nerve  of  the 
glaud.  Section  of  the  Auriculo-temporal  nerve,  which  is  also  a  dilator  nerve 
lor  the  vessels,  abolishes  the  reflex  salivation  of  the  parotids.  (Schifi",  Ber- 
nard.) Eckhard'  maintains  that  in  the  aheep  the  Parotid  glands  act  uninter- 
mittingly,  and  are  not  under  the  influence  of  any  cerebral  nerve,  since  no 
change  was  eflfected  in  the  secretion  by  stimulation  of  the  fifth,  or  of  the 
portio  dura  of  the  seventh,  or  of  the  sympathetic  nerve.  Division  of  this 
last  in  the  neck  was  also  devoid  of  influence,  and  no  increase  in  the  quantity 
discharged  was  produced  by  brushing  the  mucous  membrane  of  the  moutK 
with  vinegar.  Ludwig  has  pointed  out,  and  this  is  an  extremely  important 
point  in  the  physiology  of  secretion,  as  showing  the  direct  influence  of  the 
nervous  syiftem  upon  gland  tissue  and  cells  apart  from  any  action  on  the 
bloodvessels,  that  if  the  circulation  be  suppressed  and  either  the  sensory 
or  exci to-secretory  nerves  be  irritated,  a  considerable  amount  of  Saliva  is 
secreted.  He  also  observed  a  fact  which  tells  in  the  same  direction,  namely, 
that  the  pressure  under  which  the  saliva  is  secreted  by  the  submaxillary 
glands  as  measured  by  a  canula  attached  to  a  manometer,  and  introduced 
into  Wharton's  duct,  is  greater  than  the  pressure  of  the  bloo<l  in  the  carotids. 
In  the  former  amounting  to  190  mm.  of  mercury  (or  nearly  8  inches),  whilst 
in  the  latter  it  was  only  108.5 — 112.3  mm.  (or  about  4i  in.).  The  tem- 
perature of  the  saliva  he  found  to  be  1.5°  C,  or  nearly  3**  F.  warmer  than 
the  blood  of  the  Carotid  artery.  The  partial  independency  of  secretoiy  ac- 
tivity upon  increased  flow  of  blood  through  the  gland  is  further  shown  by 
the  experiments  of  Giannuzzi,^  in  which  the  glands  were  paralyzed  by  the 
injection  into  the  ducts  of  a  4.9  per  cent,  solution  of  Carbonate  of  Soda,  or 
of  a  0.5  per  cent,  solution  of  hydrochloric  acid.  On  stimulating  the  chorda 
tympani  all  the  ordinary  vascular  phenomena  made  their  appearance,  but 
no  increase  in  the  amount  of  saliva  secreted  occurred  and  the  gland  soon 
became  a»dematous,  the  fluid  which  should  have  been  used  up  in  the  forma- 
tion of  saliva  apparently  accumulating  in  the  lymphatic  system.  Obviously, 
therefore,  secretion  is  not  a  purely  physical  action ;  and  as  Ranke^  remarks, 
although  a  large  supply  of  blood  aflbrds  abundant  material  for  secretion,  it 
is  rcciuisite  before  this  act  can  be  accomplished  that  some  change  should  occur 
in  the  gland  cells  themselves,  which  it  is  the  special  province  of  the  nervous 


1  Schiff,  Le9ons  sur  la  Phvsiol.  dc  la  Dipest.,  1867,  p.  228. 
»  Hvn\o  and  PfeufTer,  Zeits.,  Bd.  xxix,  1807,  Heft  1,  p.  74. 
»  BtT.  d.  k.  sachs  Gesells.  d.  Wiss.,  1865,  p.  68. 
*  Grundzuge  dcr  riiysiologie,  1868,  p.  181. 
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system  to  induce.  Heidenhain^  has  described  at  length  the  changes  which 
take  place  in  the  salivary  glands  which  have  been  excited  to  secrete  for  a 
considerable  time  by  irritation  of  their  nerves.  These  changes  consist  in  the 
breaking  down  of  the  large  salivary  cells  to  furnish  the  secretion,  and  their 
replacement  by  a  growth  of  small  granular  cells,  which  he  believes  to  take 
place  from  the  protoplasmic  "demilune"  of  Giannuzzi  (ec.  Fig.  61);  Ranvier,* 
however,  whilst  admitting  that  the  secretion  proceeds  from  the  large  cells, 
maintains  that  they  do  not  entirely  break  down,  but  merely  yield  up  their 
contents,  their  nuclei  and  the  protoplasm  surrounding  the  nuclei  remaining 
to  repair  the  loss.' 

The  several  conditions  under  which  a  flow  of  saliva  may  be  made  to  occur, 
are — 1.  By  the  reflex  action  of  the  submaxillary  and  otic  ganglia,  and  of 
the  cerebro-spinal  centres,  excited  by  impressions  conveyed  through  the 
glosso-pharyngeal  and  gustatory  of  the  fifth,  and  taking  effect  through  the 
motor  branches  of  the  facial,  running  in  the  chorda  tympani  and  auriculo- 
temporal nerves.  2.  By  calling  into  play  the  muscles  of  mastication,  the 
effect  being  probably  due  to  coincident  excitation  of  the  nerves  supplying 
the  glands  with  those  distributed  to  the  muscles.  3.  By  mental  stimuli,  as 
by  the  sight  or  thought  of  sapid  food.  4.  By  ])oisons  circulating  in  the 
blood,  as  Camphor,  Woorara,  Chloroform,  and  the  Salts  of  Mercury.  5.  By 
lesion  of  certain  parts  of  the  encephalon,  as  the  floor  of  the  fourth  ventricle ; 
by  irritation  of  the  upper  extremities  of  the  sympathetic  or  pneumogastric 
nerves  divided  in  the  neck,  or  of  the  central  extremity  of  the  divided  sciatic 
nerve,*  which  is  not  due  (entirely  at  least)  to  the  effects  of  this  irritation  in 
producing  increase  of  blood  pressure. 

106.  On  its  entrance  into  the  Stomach,  the  food  is  subjected  to  the  oper- 
ation of  the  Gcustric  Juice,  which  is  secreted  by  the  follicles  in  its  walls,  or 
by  a  certain  part  of  them.  This  follicular  apparatus  is  extremely  extensive, 
and  makes  up  the  chief  part  of  the  thickness  of  the  gastric  mucous  mem- 
brane.  If  this  be  divided  by  a  section  perpendicular  to  the  surface  (Fig. 
65),  it  is  seen  to  be  almast  entirely  composed  of  a  multitude  of  parallel  tubuli 
closely  applied  to  each  other,  their  coecal  extremities  abutting  against  the 
submucous  tissue,  which  here  contains  a  conj*iderable  quantity  of  the  un- 
striated  form  of  muscular  tissue  that  constitutes  the  muscular  layer  of  the 
submucous  tissue  of  Kolliker,  and  their  open  ends  being  directed  towards 
the  cavity  of  the  Stomach.  Between  the  tubuli,  bloodvessels  pass  up  from 
the  submucous  tissue,  and  form  a  vascular  network  on  its  surface,  in  the 
interspaces  of  which  the  orifices  of  the  tubes  are  seen  (Fig.  66),  These  tubular 
glands,  the  number  of  which  is  estimated  by  Sappey  at  nearly  five  millions,* 
do  not  everywhere  present  the  same  structure.  In  that  which  may  be  con- 
sidered as  their  most  characteristic  form,  and  which  presents  itself  over  the 
greater  part  of  the  area  of  the  membrane,  the  wide  open  orifice  leads  to  a 
pit  of  no  great  depth  (Fig.  67,  a),  lined  by  columnar-epithelium*  resembling 

*  Studien  des  Physiol.  Inst,  zu  Brpslau,  1868,  p.  1. 

'  NotHft  to  the  French  translation  of  Frey's  Histolog}',  p.  439,  quoted  in  Kiiss,  Phy- 
siol* .eie,  1873,  p.  265 

•  See  also  for  a  Mmilar  view,  Ewald,  Centralbbitt,  1870,  p.  375. 

«  See  P.  Grutzner,  Pfluj^er's  Archiv,  Bd.  vii,  1873,  j».  522.  Heidenhain  has  shown 
that  the  fibre*  of  the  chorda  tympani  nerve  excitinii;  the  submaxillary  tjland  to  in- 
crei*M-d  secretion,  are  distinct  fn»m  the  inhibitory  vaso-motor  fibres,  since  the  ad- 
min iT-tration  of  atropine  paralyzes  the  former,  but  leaves  the  latter  functionally 
intart. 

*  Henle,  Anatomic,  1862,  p.  159. 

•  Heidonhain's   Hauptzellen    (chief  or   principal  cells) ;    RoUet's  adelomorphous 
celb;  Jukes's  conical  cells.     See  Jukes,  in  Centralblatt,  1872,  No.  47. 


TiQ.  69,— Verticil  awtlmi  of  tlie  Mucoqs  Hembratie  uf  ibe  Siomafbt  ae»r  4tie  fjlorav ;  idijIeiiIAc^  M 


Fia.  «6.— Capilliirjr  network  aC  ilie  linlni  iQ«fflbriiiie  nf  tbe  SlQiufteh,  wiili  Iho  orffifw  of  Uie  fsttrk 

fuUfcles. 

tlie^e  eaJCii,  mIicu  svifficieutly  magnified  <  Fig.  68),  is  found  to  be  coiji posed  of 
a  delicate  basenient-nit^mbrantMa),  inflected  over  a  series  of  uearlT  globular 
cells (^y*  which  occupy  almost  the  whole  cavity  of  the  tnbe»  and  which  con* 
tain  a  finely  granular  matter ;  the  narrow  parage  left  vacant  in  the  centre, 
h o  we  ve r.  si i  1 1  !? u  rroun d cd  by  a  1  ay er  of  e pi  tb el  la  1  ce 1 1  &  ( e ) ,  w  h ose  &ma  1 1  nitm 
is  in  striking  contrast  to  the  large  dlmeniiions  of  the  gland-celK  When  a 
tninsvcree  section  is  made  through  a  cluster  of  ca?ca  connected  with  a  singte 
extemul  orifice,  they  are  found  ti:>  be  held  together  in  a  bundle  (Fig.  69) 
by  the  interpov^ition  of  areolar  tissue,  a  thicker  layer  of  which  &urrt>und#j 
the  whole  fa^jciculus,  and  is^ilates  it  from  others:  whilst  between  the  ca^ca 
are  obicrved  the  orifices  [a,  a)  of  the  divided  capillaiy  vessels  which  f»a«fl 
yp  amongst  them.— A  different  type  of  glandular  structure  present*  iti»elf 
in  an  unnular  zone  around  ihe  cardia,  and  especially  ako  io  the  region  of 
the  pylorus  ;  the  superficial  orifice  leading  into  a  lung  and  wide  tbllieb 
(Fig-  70,  a),  lined  with  cylinder  epithelium,  and  branching  out,  a**  it  ap- 
proHchcs  the  submucous  iii*ue,  into  a  small  number  of  short  follicles  (6,  6), 
f!i(ill  lined  by  an  epithelium  of  the  same  kind.  The  columnar  cells  found 
in  both  kind**  of  glands  probably  pnwluce  the  jnucous  secretion  of  the 
atomaeb  ;   but  the  pepein  there  is  every  reason    for  beljering  i^  chiefly 

^  Hi?tde^ahiiiii'«  Belegsellon  (lavfifliag  celb) ;  tto]kt*i  ioloioar{Mi9i»  ^Iti;  Jyki«'i| 
(To1yi;f>aa1  ctlUp 
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formed  in  the  larger  granular  and  more  spheroidal  gland-cells.^  Klein, 
however,  has  shown  that  the  two  extreme  forms  of  glands  are  connected  by 
so  many  intermediate  forms,  that  it  is  impossible  to  draw  a  very  definite  line 
between  those  secreting  mucus  exclusively,  and  those  which  produce  both 
pepsin  and  mucus.'     According  to  M.  CI.  Bernard,'  when  the  stomach  is 


Fio.  67. 


Fio.  68. 


Fro.  67.— Peptic  gMtric  gland ;— «,  common  tnink ;  b,  b,  its  chief  branches ;  e,  e,  terminal  cseca  with 
•pbrroidAl  gland-cells. 

Fig.  68. — ^Portions  of  one  of  the  caeca  more  highly  magnified,  as  seen  longitudinally  (a),  and  in  trans- 
Terse  section  (b);  a,  basement-membrane  ;  6,  large  glandular  cell ;  c,  small  epithelium  cells  surround- 
ing the  csTitj. 

empty,  the  columnar  epithelium  which  lines  the  neck  of  the  glands  com- 
pletely blocks  up  their  orifices,  so  that  during  fasting  these  aj)pear  as  slightly 
prominent  papillie;  but  when  the  secretion  of  gastric  fluid  commences,  this 
epithelium  is  cast  forth  by  the  pressure  from  beneath.  The  matrix  of  the 
macous  membrane  of  the  stomach  in  which  the  glands  are  imbedded,  con- 
nuts  of  adenoid  tissue,  or  a  fibrous  network  containing  cells  and  nuclei.  This 
u  more  dense  in  some  parts  than  in  others,  which  has  led  various  observers 
to  admit  the  existence  of  lenticular  or  solitary  glands  in  the  region  ;  but  these 

*  SeeKollikcr,  Micrc>j»cop.  Anat.,  1800,  p.  321 :  and  Heidenhain.S'jliultze's  Archiv, 
Bd.  vi.  Ebstein  and  Grutzner,  however  (Pfliii^er's  Archiv,  187*2,  Bd.  vi,  p  1), 
think  that  the  ooliimnnr  colls  form  the  pepsin.  See  also  Kullct,  Untersuch.  aus.  der 
Phjt.  Inst,  in  Graz,  Band  ii. 

•  The  best  accounts  of  the  structure  of  the  mucous  membrane  of  the  stomach,  and 
of  the  gastric  glands,  are  given  by  Messrs.  Todd  and  Bowman,  Physioloi^ical  Anat- 
omy, vol.  ii,  pp.  190  et  seq. ;  by  Prof.  Kolliker,  Mikros.  Anat.,  Bd.'ii,  §  103  ;  by  Dr. 
Brinton,  in  the  Supp.  to  the  Cyc.  Anat.  and  Phys.  ;  and  in  Med.-Chir.  Uov.,'ju!y, 
18»J2,  p.  189;  by  Henle,  Eingeweidelehre,  p.  152 ;  and  by  Dr.  Klein,  Strieker's  ilistol- 
ojrv.  1870,  p.  643. 

>  Qnz,  MM.,  Mars,  1844. 
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spots  illjfer  from  the  lenlkular  glands,  in  being  de&tilute  of  a  Imiking  mem-\ 
brane/    The  uiteriar  surface  of  the  siomach,  ibrown  by  loiiimctioti  mh^  , 


F».  to. 


Fto.  TL 


r— ^'^ 


Fio.  7fl. 


&^ 


Pia.  fi^.— Tram  verve  teetion  pustug  Ibnniffli  i  dueter  uf  gulrlc  cast,  Brpunted  sod  tarfiMiAa«i  Irf 

fl^roui  U<«uifA ;  a,  a,  odftcea  of  ^Irfdfd  captJIarisB. 

Tin.  70.— Huroilf  ^«atrlc  glutirl.  irieh  cjUridc«re{:*!tlietliiiu  ;  a,  wi<i<r  imnk  i  h,  fr,  fli  cm^t^  ApprtOidAffW. 
Fl<i.7l^— Tmn9Tt^n«9eetit»Q  Oirotigh  the  tvndumt  tHff  ^onmch  In  n  ehiki :  a.^^eoiuntDBf  €|4tli«liiM«; 

of  rnnyfitudttmi  Abr«*;  ti,  cf|  jykiiDucoua  lia&uv;  «,  ctrculiLr  WLiMuUr  ljiy«r^  ff^  ijcriujiivtiui ;  4,  fxaglUl  id 
Aiierbaeti. 

tbe  viscus  is  empty  iuto  irregular  foldi**>r  rugte  (Fig,  72,  a),  presents  tbrat]gh-| 
oQt  the  greater  part  of  its  extent,  anci  especially  Bear  the  Pylorua,  imallj 
vascular  precedes  or  prolongations  of  the  mucons  membrane  (b ),'  resemblbg^ 
the  villi  of  the  simall  intestine,  of  which  tbey  must  be  eonddered  as  tbe  rndi* 
mentary  eotiditkio,  but  diifering  essentially' from  them  io  the  eircumatajice  1 
that  they  cootaiu  no  lacteal  vessels.  The  if^mphatic^  of  the  stomach  are  a^tated 
by  Teiebmann/  to  form  two  layers^  a  superficial  and  close  network  surrouod- 

*  See  Klein,  Op,  cil,,  p.  649. 
'  This  fnct  wflji  ftrH  brniiglit  into  promin**Til  natiee  by  Dr.  Nelll,  in  hi^  Mtfniotr,  Oft] 

the  Structure  of  the  Mucous  MeixibrHne  of  the  Human  &U>m«eh,  in  tbe  Atner.  Juur.] 
©f  lied.  Set.,  Jrtuunry,  186t* 

*  XKm  Siugader  Syitam,  lS6t,  p.  76. 
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iog  the  esecal  extremities  of  the  peptic  glands,  and  a  deeper  layer  with  larger 
meshes  lying  in  the  submucous  areolar  tissue,  and  separated  from  the  first 
by  the  thin  stratum  of  uustriated  muscular  fibre,  known  as  the  muscular 


Fio.  72. 


AppearmoM  of  the  Hning  memhrmne  of  the  Stomach,  in  an  injected  preparation :  a,  from  the  con- 
vex surface  of  tbo  ruga;  b,  from  the  neighborhood  of  the  pylorus,  where  the  orifices  of  the  gastric 
folliclea  occupy  the  intenpaees  of  the  deepest  portions  of  the  Tascular  net  work. 

laver  of  the  mucous  membrane,  through  which  many  vessels  connecting  the 
two  strata  pass.  The  nerves  of  the  stomach  arc  derived  from  the  pneumo- 
gatftriCy  or  rather  from  the  branch  of  the  spinal  accessory  that  joins  the 
pneamogastrie,  and  from  the  great  sympathetic.  They  are  divided  into  two 
layers ;  one  of  which  forms  a  plexus  in  the  submucous  tissue  (Meissner's 
plexus),  whilst  the  other  lies  amongst  the  fasciculi  of  the  longitudinal  muscu- 
lar coat  (Anerbach's  plexus ;  Fig.  71,  A).  In  the  former,  ganglia  are  some- 
what sparingly  distributed ;  in  the  latter  they  are  abundant/ 

107.  The  nature  and  composition  of  the  Gastric  Juice  which  is  secreted 
and  poured  forth  by  the  peptic  follicles,  have  been  the  subject  of  much  dis- 
caasion  among  CSiemists.  AVhen  obtained  without  admixture  with  saliva, 
it  i«  a  clear,  transparent,  colorless  or  slightly  yellow  fluid  with  very  little 
viscidity.  Microscopic  examination  indicates  the  persistence  of  a  few  of  the 
cells  exuviated  from  the  interior  of  the  gastric  follicles;  but  these  for  the 
most  part  leave  no  other  traces  than  their  nuclei  and  a  fine  molecular  mat- 
ter arising  from  their  disintegration.  The  proportion  of  solid  matter  which 
the  Gastric  Juice  contains,  and  the  proportion  which  its  chief  organic  con- 
stituent— the  pepsin — bears  to  the  inorganic  residue,  seem  to  vary  greatly  in 
different  animals.  The  following  table  shows  the  composition  of  the  Gastric 
Juice  as  obtained  from  the  best  analyses  in  man  and  some  animals:^ 


Man. 
mixed  with 

f^aliva. 
C.  Schmidt. 


I   Water, 

'  Solid  residue,   .     .     . 

,  Organic  matters,      "i 
':  (Ferment:  Pepsin,/ 

I         Jnorffanie  matter  a. 

Sodium  chloride,  .     . 

Potassium  chloride,  . 

Calcium  chloride, .     . 

Ammonium  chloride, 
j  Free  hydrochloric  acid, 
'  Calcium  phosphate, 
'  Magnesium  pnosphato 
,  Ferric  phosphate. 


994.40 
5.G0 


Doo.    C.Schmidt. 

Without 
saliva. 

973.0 

With  saliva. 

971.2 

27.0 

28.8 

17.1 

17.3 

2.5 

3.1 

11 

1.1 

0<5 

1.7 

0.6 

0.5 

3.1 

2.8 

1.7 

23 

0.2 

0.3 

0.1 

0.1 

*  For  the  mode  of  terminntion  of  the  nerves  in  the  stomach  of  the  Frog,  see  K. 
TrQtschel,  Centralblatt,  1870,  p.  115. 

*  ▼.  Gorup-Besanez,  Phys.  Chem.,  18G2,  p.  460. 
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108.  The  most  chflraeteristtc  feature  of  the  Gastric  Juice  is  m  de 
{WifHUf,  which  k  very  pcr^^eptible  to  the  titste,  and  k  comtmn  tbmug 
the  anrmal  kingdom.     With  regard  to  the  nature  of  the  acid,  however,  theril 
hais  been  much  di.^crepancy  of  opinion  amongst  Chemists;  for  simple  a^  (he] 
problem  of  itj?  determination  might  seem,  it  is  complicated  by  the  very  p 
culiar  property  which  lactic  acid  possesses,  of  decomposing  the  alkklmQl 
chhirides  at  a  certain  elevation  of  temperature,  the  degree  being  partly  de-j 
termined  by  the  strength  of  the  solution.     Hence^  supposing  lactic  ucid  i&\ 
be  present  in  the  sttinmch  with  sodium  chloride,  the  fluid  which  passes  over] 
by  distillfttiou  will  at  first;  be  destitute  of  hydrochloric  acid;  but,  as  the! 
liquor  bcTomes  more  concentrated,  and  the  temperature  rise^,  hydrochloric  [ 
acid  will  appear.     This,  it  has  been  alleged  b}'  Bernard  and  cither  Cbenji«ta, 
is  the  tnje  source  of  the  hydrochloric  acid  which  may  be  always  obutlned  , 
from  iJie  gnstric  juice  by  this  methwl;  and  it  is  affirmed  by  them  that  lactic 
acid  is  the  real  ageut  in  the  solvent  procei^s  to  wliich  that  fluid  is  subser- 
vient, the  presence  of  free  lactic  acid  in  the  stomach   having  been  deter- 
mined by  other  means.     In  like  manner,  Dr,  F-  G,  Smith,*  on  examining  the  I 
ct>ntents  of  the  stomach  of  Alexis  St.  Martin,  two  and  a  half  hours  after  &j 
small  quantity  of  bread  bad  been  eaten ^  obtained  evidence  of  the  presence 
of  lactic^  and  of  the  absence  of  all  but  the  slightest  tmce  of  hydrochloric  acid. 
[These  experiment'^  have  since  been  confirmed  by  Dr.  Robert  M.  Smith  in 
eome  investigati(m^  made  in  the  Physiological  Laboratory  of  the  University  ] 
of  Pennsylvania,  upon  the  contents  of  the  stomach  of  a  recently  execnied 
criminal/   In  the.se  experiments,  lactic  acid  was  undoubtedly  present,  while 
no  trace  of  free  hydrochloric  acid  could  be  detected,^ — P/nVa,  Jfrd,  Tintr,*, 
Feb.  13th,  1875.]     On  the  other  hand,  the  great  readineisa  with  which  hydro- 
chloric acid  was  obtained  many  years  ago  by  Prof.  Dunglisou  from  the  pttre 
gastric  fluid  drawn  from  the  stomach  of  Alexis  8t.  Martin,  and  the  fiwU  that 
the  smell  of  hydrochloric  acid  may  be  distinctlv  recognized  in  the  fresh  I 
jnice,^  are  strong  evidences  in  favor  of  the  belief  that  (as  origifudly  main- 1 
tained  by  Dr.  Prout)  free  hydrochloric  acid  is  present  in  this  fluid,,  and  that  I 
it  is  the  principal,  if  not  the  only,  source  of  its  acidity.     Ami  an  opp<>rt unity  I 
having  been  afforded  to  Dr.  E^nce  Jones,  of  obtaining  a  fluid  continually  I 
vomited  in  large  quantities  from  the  stomach  of  a  patient  affected  with  Sar-I 
cina  ventriculi,  and  this  fluid,  which  presented  all  the  ostensible  charactcfiaj 
of  gaj?lric  juice,  having  been  placed  in  the  hands  of  Prof  Graham  tor  ex* 
amiuation,  this  distinguished  Chemist  Ricceeded  in  separating  hydrochloric! 
acid  from  it  by  his  method  of  "liquid  diffusion/*  which  is  not  open  to  th« 
objection  that  applies  to  distillation;  and  although  he  found  free  lactic  acid 
to  be  also  present,  its  quantity  wai§  comparatively  small.^     It  appears- ,  then,  j 
to  be  a  reasonable  conelusJion,  that  whilst  hydrochloric  acid  is  originally  I 
poured  forth,  and  is  therefore  the  aciti  obtained  by  thoec  e  x  peri  men  tci^,  who  j 
have  eniployed  mechanical  irritation  to  the  empty  stomachs;  other  acids,  a^j 
the  lactic,  butyric,  or  even  acetic,  may  be  formed  during  digestion,  and  niayi 
thus  have  been  obtained  by  those  who  havt*  examined  the  contents  of  the! 
stomach  only  during  or  towards  the  dose  of  that  process.   Allowance  0iu**t  al&a 
be  made  for  differences  existing  in  different  animab,  and  perhaps  al»o  ati 


*  E3Ep4>rimtiDt5  upon  DigestioHi  PbilatteTphia,  1S56. 

*  S^e  Prof.  Dungli«oir«  HumaTi  Physiolociy,  8th  edit  ,  vol.  i,  p.  152. 

*  Far  his  knowli^dgt*  of  this  fact,  the  Author  is  iti(lt*Msd  tf>  Pmr.  Gr»hti»ii  '^^ 
hTdrfJchlorie  ncid  is  the*  $oureo  of  the  i^clditv  t>f  the  gji^tric  jiiioo  hn*  nUo  l- 
tilined  Ij  Enderlin  (Giinattttt's  JtthreBbericht,  1843,  p.  HOu  hy  Hiihkifvi'i  i 
tjone*  dc  ISmccq  Gu^trico,  Dis-s.  innug.,  Borpnt*  )8i>0),  by  Biddi^r  and  SchiiinJt  iI>i«J 
Vi^rdiuiungfi^aefte  und  der  Staffwcchsel),  aui  by  GruQDewaidt  and  Schroeder  in  ibdrf 
Theiiis  on  1th  if  iuhject. 
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different  ages,  since  M.  Wasmann  has  remarked  that  the  pepsin  of  the 
stomach  of  the  pig  is  entirely  destitute  of  the  power  to  coagulate  milk, 
although  the  pepsin  of  the  stomach  of  the  calf  possesses  it  in  a  very  high  de- 
gree; from  which  he  is  led  to  suppose  that  the  power  of  the  latter  depends 
upon  a  particular  modification  of  pepsin,  or  perhaps  upon  another  substance 
accompanying  it,  which  ceases  to  be  formed  wheo  the  young  animal  is  no 
longer  nourished  by  the  milk  of  its  mother.^ 

109.  The  peculiar  organic  constituent  of  the  Gastric  juice,  to  which  the 
name  of  Pepsin  (§  54)  has  been  given,  and  which,  according  to  Briicke,^  is 
neither  an  albuminous  substance  nor  a  ferment,  appears  to  be  secreted  and 
stored  up  in  the  cells  of  the  stomach  in  a  neutral  state  during  the  intervals 
of  digestion,  and  to  be  only  mingled  with  the  acid  at  the  moment  of  dis- 
charge.' Brucke  noticed,  that  if  the  stomach  of  an  animal  were  thoroughly 
washed  with  water  till  all  trace  of  acidity  was  removed,  a  fresh  portion  of 
pepsin,  possessing  a  perfectly  neutral  reaction,  could  be  obtained  on  further 
maceration ;  and  Bernard  found  that  on  injecting  successively  lactate  of  iron 
and  ferrocyauide  of  potassium  into  the  jugular  vein  of  a  rabbit,  no  blue  dis- 
coloration of  the  blood,  secretions,  or  tissues  generally  was  observable  on  ac- 
count of  their  alkaline  reaction,  though  this  could  be  immediately  produced 
by  the  addition  of  sulphuric  or  other  acid.  On  examining  the  stomach, 
however,  he  found  that  whilst  the  gastric  follicles  were  free  from  color,  the 
surface  of  the  mucous  membrane  was  uniformly  tinted.  From  these  experi- 
ments, the  inference  may  be  fairly  drawn  that  the  pepsin  of  the  gastric 
juice  is  secreted  by  the  cells  lining  the  gastric  follicles,  whilst  the  acid  is 
formed,  or  at  least  excreted,  by  the  most  superficial  cellular  layers  of  the  mu- 
cous membrane.^  It  must  not  be  supposed  that  the  whole  of  the  albuminous 
compounds  introduced  into  the  stomach  under  ordinary  circumstances  are 
converted  into  peptone.  Some  forms  of  albumen,  as  white  of  egg,  undergo, 
in  part,  direct  absorption,  whilst  a  part  is  absorbed  as  soon  as  it  is  converted 
into  syntonin  (Briicke).  The  solvent  power  of  the  gastric  juice  in  the  living 
body  is  difficult  to  determine,  since  it  differs  with  the  animal  and  with  the 
nature  of  the  food.  The  gastric  juice  of  Carnivora  is  the  most  active,  then 
that  of  Herbivora,  whilst  that  of  man  appears  to  be  comparatively  feeble; 
and  in  this  point,  therefore,  he  appears  to  be  most  closely  allied  to  the  Her- 
bivora. Lehmann  and  Corvisart  estimated  that  on  the  average  20  oz. 
of  the  gastric  juice  of  the  dog  were  required  to  dissolve  1  oz.  of  coagulated 
albumen ;  but  M.  Koopmans^  showed  that  whilst  the  stroDgly  acid  gastric 
juice  of  the  Carnivora  was  best  adapted  for  the  solution  of  animal  albumen, 
the  weakly  acid  gastric  juice  of  the  Herbivora  was  far  more  efficacious  in 
dissolving  vegetable  albumen  or  gluten.  In  Briicke^s  experiment  with  arti- 
ficial gastric  juice,*  it  was  found  that  at  a  temperature  of  65*^  F.,  the  most 
active  fluid  for  raw  fibrin  contained  12^  to  15  grains  of  muriatic  acid  in  one 
litre  (1.76  pints),  whilst  the  most  active  fluid  for  albumen,  coagulated  by 

»  Se«  Prof.  Graham'6  Elements  of  Chemistry,  pp.  1031-1033. 

•  Vorle«ungen  iiber  Physiologie,  1874,  p.  296. 

»  S*re  Bernard,  Le9on8,  1859,  p.  876 ;  and  Schiff,  Physiologie  de  la  Digestion,  1868, 
Lemons  21-24. 

♦  Schiff  considers  that,  as  in  the  case  of  tho  Pancreas,  a  kind  of  "  charging  "  of  the 
glandular  follicles  occurs  during  the  intervals  of  diiijestion,  the  pepsin  being  derived 
frum  certain  peptogenic  materials  in  the  blood  supplied  by  the  previous  dii^ostion  of 
albuminous  compounds,  or  of  dextrin.  This  view  is  strongly  opposed  by  Fick  (Ver- 
hand.  d.  Phys.  Med.  Gesolls  ,  N.  F.,  B.-ii,  53),  who  found  that  tho  stomach  of  a  dug 
«ecret#td  active  gastric  juice  fifteen  hours  after  the  last  full  moal,  and  that  in  rabbits, 
fasting  did  not  diminish  the  digestive  activity  of  the  stomach,  whilst  the  ingestion 
of  dextrin  did  not  augment  it. 

»  Nederland.  Lancet,  t.  v,  1866.  •  Op.  cit.,  p.  300. 


heat,  contained  from  18.5  to  247  grains  of  this  acid  la  the  litre,  Wh«tt 
fibrin  or  other  alhuniiiions  compound  iB  acted  on  by  artificial  gastric  juice,  it 
swell*  up,  and  according  to  Brucke,'  becomes  converted  into  a  sub^tAoee 
identical  with  syntonin,  which  is  gradually  changed  into  peptotje,  and  sobee- 
quently  undergoes  solution*  The  conversion  ot"  albumen  IJilo  peptooie, 
Briieke  regards  as  complete,  wben  it  is  no  longer  capable  of  beiDg  |ireelpi- 
tated  by  poiaj^ium  ferrocyanide.  Meissner's  description  of  the  pri>c«gia  k 
more  complicated.  He  considers  the  first  protluct  of  the  artificial  digestion 
of  iibrin  to  be  a  @ub§taoce  iniiQluble  in  water,  which  soon  splits  up  into  pam* 
peptone  (=^syntonin)  and  into  peptone  (of  which  last  he  recogniz*^  three 
mmlifieationi,  termed  respectively,  a,  b,  and  c  peptone);  small  c|uantitles 
of  dyjif^ptoiie,  and  of  metapepione,  are  also  occasionally  found.  All 
thaie  [subjitauceji  are  distinguished  from  one  another  by  their  relative  njIu- 
bility  in  adds  or  in  neuiml  solntions,  and  their  precipitability  by  nitric  acid 
and  potassium  ferrocyanide.  Gelatin  and  gelatin  yielding  tii??^ues,  a*  ci>o* 
nective  tis^^ue,  tendons,  ligaments,  etc.,  are  only  slowly  acted  on  by  the  ga^iric 
juice,  the  fluid  resulting  from  their  solution  retaining  for  some  time  it«  |x>wef 
of  solidifying;  ultimately,  however,  they  are  reduced  to  a  iynipy  fin  id,  the 
^motic  powers  of  which  are  somewhat  increased/  From  the  ek;>enineiib 
of  Dr.  Smith  on  Alexis  8t,  Martio,  it  appeam  pnihable  that  the  couvers^ioo 
of  starch  or  dextrin  into  glyco#e  may  be  effected  in  the  stomach  to  mtm 
extent,  since  evidence  of  the  presence  of  grape-sugar  was  found  an  hour  and 
a  half  after  bread  and  water  had  been  introduced  ihrougli  the  fi^iulou^  ori- 
fice, the  man  airefnlly  avoiding  to  swalbiw  his  saliva  during  that  period* 
There  seems  also  to  be  good  evidence  that  cane-sugar  may  Ik»  tT^nverttid 
into  grape-sugar.  In  both  instances  the  active  agent  is  prolmbly  the  mucus 
of  the  stomach.  It  has  been  noticed  by  Hoppe-Seykr,  that  when  lai^*  qnan- 
titiei  of  cane-sugar  are  taken,  a  condition  of  gaatric  catarrh,  attended  with 
the  secretion  of  much  mucus,  is  induced,  and  that  the  cane-sygar  then  un- 
dergoes, probably  in  consequence  of  its  rapid  transformation  into  grape- 
sugar^  speedy  absorption.  Oleaginous  substances  appear  to  be  merely 
liquefied  and  finely  divided,  in  which  state  they  are  diffused  through  the 
pulpy  chyme. 

110.  It  is  only  when  either  alimentary  or  some  other  substance  capable 
of  exciting  irritation  are  preseut  in  the  stomach,  that  the  gastric  juu^  is 
poured  forth*  8o  long  as  it  is  empty,  the  secretion  which  moistens  its  walls 
u  neutral  or  even  alkaline ;  but  as  ^on  as  food  is  taken^  acid  is  poured  forth, 
and  this  in  increasing  quantities,  until  a  certain  time  after  the  commence- 
ment of  the  digestive  process,  when  the  acidity  of  the  stomach  is  at  it^  maxi- 
mum. In  proportion  as  the  alimentary  matter  is  dissolired,  however,  and  is 
either  at  once  alm>rhed,  or  e^capc^  through  the  pyloric  orific*e,  the  acidity  of 
the  stomach  diminishes;  and  a^  soon  as  its  cavity  is  emptied,  the  secretion 
of  itii  walls  is  neutral  again.^  The  circumstance  that  the  stomach  doe^i  not 
iti*elf  undergo  digestion,  even  when  that  process  is  being  actively  pertV>rmed 
on  its  eontentJi,  is  of  considerable  interest,  and  must  m  attrihtiled  to  the 
saturation  of  the  whole  mucous  membrane  with  blood  containing  a  lar^e 
projwrtion  of  alkaline  salts,  ibr  it  has  been  shown  by  Dr.  Pavj,  that  if  ooa 
or  two  vessels  of  the  stomach  be  tied,  the  parta  thus  deprived  of  the  drco- 
lation  of  the  blood  rapidly  undergo  digestion,  and  perforating  ulcere  oocufi 


I 


< 


1  VoHesiingen  Ebsr  Phyaiologie,  1874,  p.  SOL 

■  Stt*  Uenlo  and  MeiMner,  Bmcbt,  I860,ji.  2*i9 ;  and  Henle  an^l  Pfipiifrer'*  Ml* 
schrift,  Bd,  liv,  186t,  p.  303;  Mohknfdd,  PaCigcr'i  Archiv,  1872,  Bd.  v,  p  Ml ;  r, 
Witticli,  id«iii,  p.  iSa 

>  See  Dr.  Bence  Jonei,  In  the  Medical  Timeti  June  Htb,  18o3;  Rnd  Or  llftrc«t, 
Juuraal  of  the  Cbeuilcal  3^^  im2. 
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precisely  analogous  to  those  described  b^  Hunter  as  seen  in  the  bodies  of 
men  killed  by  accident  during  the  digestion  of  a  full  meal.  It  must  be  re- 
membered, also,  that  the  pepsin  present  in  the  glands  of  the  stomach  is 
inoperative  till  it  has  mingled  with  the  acid  secreted  on  the  surface.  It  is 
difficult  to  give  even  an  approximative  estimate  of  the  quantity  of  fluid 
poured  forth  from  the  walls  of  the  stomach,  since  it  is  certain  that  it  varies 
considerablv,  according  to  the  nature  of  the  substances  ingested.  Corvisart, 
from  experiments  on  dogs,^  estimates  it  at  about  ^'^^^  of  the  weight  of  the 
animal  per  diem ;  Harley,'  at  j^^h ;  Lehmann,  at  y^th ;  whilst  Gruenewaldt 
obtained  nearly  |  lb.  avoird.  from  a  woman  of  116  lbs.  weight,  with  a  gas- 
tric fistula,  in  fifteen  minutes ;'  and  Schmidt  gives  as  the  mean  of  experi- 
ments on  the  same  woman,  about  9000  grains  hourly  during  active  digestion.^ 
111.  A  very  important  series  of  observations  on  the  conditions  under 
which  the  gastric  juice  is  secreted,  was  made  some  years  since  by  Dr.  Beau- 
mont, in  the  remarkable  case  of  Alexis  St.  Martin,  already  several  times 
referred  to.*  "  The  inner  coat  of  the  stomach  (as  seen  through  the  fistulous 
orifice)  in  its  natural  and  healthy  state,  is  of  a  light  or  pale  pink  color, 
varying  in  its  hues  according  to  its  full  or  empty  state.  It  is  of  a  soft  or 
velvet'Tike  appearance,  and  is  constantly  covered  with  a  very  thin,  trans- 
parent, viscid  mucus,  lining  the  whole  interior  of  the  organ.  By  applying 
aliment  or  other  irritants  to  the  internal  coat  of  the  stomach,  and  observing 
the  effect  through  a  magnifying  glass,  innumerable  lucid  points,  and  very 
fine  [nervous  or  vascular]  papillae  can  be  seen  arising  from  the  villous  mem- 
brane, and  protruding  through  the  mucous  coat,  from  which  distils  a  pure, 
limpid,  colorless,  slightly  viscid  fluid."  (The  papillse  here  described  appear 
to  be  the  orifices  of  the  gastric  follicles,  which  are  usually  closed  by  their 
epithelial  cells  during  fasting,  and  which  would  seem  to  become  prominent 
when  the  vi$  a  tergo  of  the  secreted  fluid  first  causes  this  plug  of  cells  to  be 
cast  forth.)  "  The  fluid  thus  excited  is  invariably  distinctly  acid.  The 
mucus  of  the  stomach  is  less  fluid,  more  viscid  or  albuminous,  semi-opaque, 
sometimes  a  little  saltish,  and  does  not  possess  the  slightest  character  of 
acidity.  The  gastric  fluid  never  appears  to  be  accumulated  in  the  cavity  of 
the  stomach  while  fasting ;  and  is  seldom,  if  ever,  discharged  from  its  proper 
secerning  vessels,  except  when  excited  by  the  natural  stimulus  of  aliment, 
mechanical  irritation  of  tubes,  or  other  excitants.  When  aliment  is  received, 
the  juice  is  given  out  in  exact  proportion  to  its  requirements  for  solution, 
except  when  more  food  has  been  taken  than  is  necessary  for  the  wants  of  the 
system."  The  observations  of  Dr.  Beaumont  have  been  confirmed  by  those 
of  M.  Blondlot'  and  of  M.  CI.  Bernard,^  which  were  made  upon  dogs  in 
whose  stomachs  fistulous  openings  were  maintained  for  a  length  of  time. 
They  found  that  the  flow  of  gastric  fluid  is  more  excited  by  pepper,  salt, 
and  soluble  stimulants,  than  it  is  by  mechanical  irritation ;  and  that  if  me- 
chanical irritation  be  carried  beyond  certain  limits,  so  as  to  produce  pain, 
the  secretion,  instead  of  being  more  abundant,  diminishes  or  ceases  entirely ; 
whilst  a  ropy  mucus  is  poured  out  instead,  and  the  movements  of  the  stom- 
ach are  considerably  increased.  The  animal  at  the  same  time  appears  ill  at 
ease,  is  agitated,  has  nausea,  and,  if  the  irritation  be  continued,  actual  vom- 
iting; and  bile  has  been  observed  to  flow  into  the  stomach,  and  escape  by 

»  Longet,  Physiologic,  1861,  p.  182,  vol.  i.         »  Med.-Chir.  Roview,  1860,  p.  211. 

*  Quoted  by  il.  Edward;?,  Lf*9on8,  t.  vii,  1862,  p.  24 

*  Annftl.  der  Cbemie,  von  Liebij;  und  Wohler,  vol.  xcii,  p.  42. 

*  See  Dr.  Beaumont's  Experiments  and  Observations  on  the  Gastric  Ju\cpi  and  the 
Physiology  of  Digestion,  reprinted  with  Notes  by  Dr.  Andrew  Combe,  Edinb.,  1838. 

*'Tmu^  Analytique  de  la  Digestion. 

^  Archiv.  d'Anat.  Oen.  et  de  Physiol.,  Jan.  1846. 
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llie  fii^tulous  opeDiQg*  Similar  disordere  of  the  fiiiictions  af  the  MfMttacli 
result  iW*TD  violent  ptiin  in  other  parts  of  the  body ;  die  process  of  digestion 
iu  5iH*h  cases  beiog  =iUi?pended,  and  sometimea  vomiting  excited.  When 
aeidulnted  *?ub^taiiees,  aa  food  reodered  acid  by  the  additioa  of  a  little  vine- 
gar, were  intrmlaeed  into  the  stomach,  the  quantity  of  gastrie  fluid  poured 
out  was  much  smaller,  and  the  digestive  princess  consequently  s?lower,  thao 
wheu  similar  food,  rendered  alkaline  by  a  weak  iolutiou  of  carbonate  of  | 
soda^  was  lutrQduued.  If,  however,  instead  of  a  weak  solutiou,  carbonate 
of  s<.Miii  iu  crystal  or  iu  powder  was  intn;»duced  into  the  stomach,  a  larce 
<|uantity  of  uiucus  aud  bile,  in&tea.d  of  gastric  fluid,  flowed  into  the  stomiw^h^ 
autl  vomiting  and  purging  very  often  tVjl lowed.  When  very  cobl  water,  or 
small  |>ieces  of  ice,  were  introduced  into  the  stomach,  the  mucous  mem h ran ^^ 
wai^  at  first  retxlered  very  pallid  ;  but  soon  a  kind  of  reaction  foHoweii,  the 
membrane  became  turgid  with  blot^,  and  a  large  quantity  of  gastric  fluid 
wa^  gccreted.  It,  however,  too  much  ice  was  emphvyed,  the  animal  app^^red 
ill^  and  s?hivered  ;  and  digestion,  iustead  of  being  i-endered  more  active,  waa 
retarded.  Moderate  heat,  applietl  to  the  muccma  gurface  of  the  gtomaeh, 
appeared  to  have  no  particular  action  on  digestion;  but  a  high  degree  of 
heat  produced  must  gerioug  eonse(|uenceB*  Thus,  the  introduction  of  a  little 
boiling  water  threw  the  animal  at  once  into  a  kind  of  adynamic  i^tate,  which 
was  followed  by  death  in  three  or  four  hours ;  the  niucoui*  membrane  of  the 
stomach  was  ibund  red  and  ewollen,  whilj*t  an  abundant  exudation  of  black- 
ish blood  had  taken  place  into  the  cavity  of  the  organ.  Similar  injurious 
effects  resulted,  in  a  greater  or  le^  degree,  from  the  introduction  of  other 
ijri  tan  t^,  such  as  nitrate  of  silver  or  ammonia;  the  digestive  functional  l>eing 
at  once  abolished,  and  the  mucous  surface  of  the  organ  rendered  highly  seu- 
sitiv©. 

112,  Thai  the  quantity  of  the  Gastnc  Juice  secreted  from  the  walk  of 
the  stomach  depends  rather  ujkhj  the  general  requirements  of  the  sy«tein> 
than  ujxjn  the  quantity  of  foixl  iutroduced  into  the  digestive  cavity^  19  a 
principle  of  the  highest  practical  importance,  and  cannot  be  too  ^teadiJr 
kept  in  view  iu  Dietetics,  A  fiefiru'fe  promrthn  only  of  aliment  can  be  per- 
fectlj  digested  iu  a  given  quantity  of  the  fluid ;  tfie  action  of  which,  like 
other  chemical  operationSj  ceases  a  tier  having  been  exercised  on  a  tixed  and 
definite  amount  of  matter.  The  cessation  of  the  action  m  due,  however,  not 
to  the  i>epe^in  losing  its  solvent  power,  since  a  comparati%*ely  mluute  propor- 
tion will  convert  an  almost  indefinite  quantity  of  albumen  or  flbrin  mto 
jieptone,  but  rather  to  the  presence  of  a  great  excess  of  the  dissolved  {>eptoiie 
interfering  with  ftirther  action,  just  as  the  presence  of  alcohol  or  lactic  acid 
in  large  quantity  intei-fereii  with  those  processes  of  fermentation  in  which 
thefie  substances  are  re^ipectively  formed  ;  iu  accordance  with  this,  it  ia  found 
that  when  the  gastric  juice  is  ^turatetl  with  peptone  and  ceases  to  digest, 
the  addition  of  a  little  diluted  acid  will  immediately  enable  it  t^  elfect  th** 
conversion  of  a  fresh  portion  of  albumen.*  Neverthelee?,  the  statement  of  I 
Dr.  Beaumont  is  perfectly  true  as  regards  the  living  subject^  that  **  wbcii 

'  Accnrdifig:  to  BrCirke,  Pepsin  h  not  deftrored  during  digestion,  but  Scloff  mnin- 
tuins  ihiit  it  if.  BriSuke,  Op.  cit.,  }i,  295^  Hcliiff,  Op-  cU,,  vol  ii,  Lc^on  %xh  B««- 
twe<*n  two  such  skilful  observers  it  h  difficult  to  decide.  In  a  roceni  y^-. —  ■  ihe 
suKjecl  (C*^nn0  sullu  Rtc*?ri'he  tvtlU^  del  FroP.  Scliift;  etc.,  dbmrtut  iji   1  ttl, 

1872.  p   788),  SL'biff  tliitt*»  tlmt  th<?  sttmifleh  of  h  beHJthy  (^^^g  ir>  gtK»d  [     .   ^uiil 

condilton  requifp*  200  litre*  iftbout  4J  gnllonf)  of  wnlor  to  develop  its  futi  di|;««tiro 
powor,  fiiid  ihtf  iufiNinn  uf  the  Biomtich  of  a  large  dog  in  Ibis  lijtiiintily  of  WAi<?r  will 
dig^X  162  lb*,  of  nib  u  in  en  I  Bennett  ( Test- book  of  Phy&iclogy,  1872,  p.  208  j  ob* 
M^rves  I  hut  OQC  pnrt  of  (jepsin  dtuolved  in  64J,04iO  i^atU  of  wiiter  HiM  ptx$^nm  u  di»- 
iiact  digestive  action. 
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the  juice  has  become  saturated,  it  refuses  to  dissolve  more ;  and,  if  an  excess 
of  food  has  been  taken,  the  residue  remains  in  the  stomach,  or  passes  into 
the  bowels  in  a  crude  state,  and  becomes  a  source  of  nervous  irritation,  pain, 
and  disease  for  a  long  time."  The  unfavorable  effect  of  an  undue  burden 
of  food  upon  the  Stomach  itself,  interferes  with  its  healthy  action  ;  and  thus 
the  quantity  really  appropriate  is  not  dissolved.  The  febrile  disturbance  is 
thus  increased ;  and  the  mucous  membrane  of  the  stomach  exhibits  evident 
indications  of  its  morbid  condition.  The  description  of  these  indications 
given  by  Dr.  Beaumont,  is  peculiarly  graphic,  as  well  as  hygienically  im- 
portant. *'  In  disease  or  partial  derangement  of  the  healthy  function,  the 
muc«)us  membrane  presents  various  and  essentially  different  appearances. 
Id  febrile  conditions  of  the  system,  occasioned  by  whatever  cause, — obstructed 
perspiration,  undue  excitement  by  stimulating  liquors,  overloading  the  stom- 
ach with  food,  fear,  anger,  or  whatever  depresses  or  disturbs  the  nervous 
8T8tem, — the  villous  coat  l)ecomes  sometimes  red  and  dry,  at  other  times 

Kle  and  moist,  and  loses  its  smooth  and  healthy  appearance ;  the  secretions 
come  vitiated,  greatly  diminished,  or  even  suppressed ;  the  coat  of  mucus 
scarcely  perceptible,  the  follicles  flat  and  flaccid,  with  secretions  insufficient 
to  prevent  the  papillse  from  irritation.  There  are  sometimes  found,  on  the 
internal  coat  of  the  stomach,  eruptions  of  deep-red  pimples,  not  numerous, 
but  distributed  here  and  there  upon  the  villous  membrane,  rising  above  the 
surface  of  the  mucous  coat.  These  are  at  first  sharp-pointed,  and  red,  but 
frequently  become  filled  with  white  purulent  matter.  At  other  times,  irregu- 
lar, circumscribed  red  patches,  varying  in  size  and  extent  from  half  an  inch 
to  an  inch  and  a  half  in  circumference,  are  found  on  the  internal  coat. 
These  appear  to  be  the  effects  of  congestion  in  the  minute  bloodvessels  of 
the  stomach.  There  are  also  seen  at  times  small  aphthous  crusts  in  connec- 
tion with  these  red  patches.  Abrasion  of  the  lining  membrane,  like  the 
rolling  up  of  the  mucous  coat  into  small  shreds  or  strings,  leaving  the  papillse 
bare  for  an  indefinite  space,  is  not  an  uncommon  appearance.  These  dis- 
eased appearances,  when  very  slight,  do  not  always  afi^ect  essentially  the 
gastric  apparatus.  When  considerable,  and  particularly  when  there  are 
corresponding  symptoms  of  disease, — as  dryness  of  the  mouth,  thirst,  accel- 
erated pulse,  etc. — 710  (fadnc  juice  can  he  extracted  by  the  alimentary  stimnlm. 
Drinks  are  immediately  absorbed  or  otherwise  disposed  of;  but  food  taken 
in  this  condition  of  the  stomach  remains  undigested  for  twenty-four  or  forty- 
eight  hours,  or  more,  increasing  the  derangement  of  the  alimentary  canal, 
and  aggravating  the  general  symptoms  of  disease.  After  excessive  eating 
or  drinking,  chymification  is  retarded ;  and,  though  the  appetite  be  not 
always  impaired  at  first,  the  fluids  become  acrid  and  sharp,  excoriating  the 
edges  of  the  aperture,  and  almost  invariably  producing  aphthous  patches 
and  the  other  indications  of  a  diseased  state  of  the  internal  membrane. 
Vitiated  bile  is  also  found  in  the  stomach  under  these  circumstances,  and 
flocculi  of  mucus  are  more  abundant  than  in  health.  Whenever  this  morbid 
condition  of  the  stomach  occurs,  with  the  usual  accompanying  symptoms  of 
dise&ae,  there  is  generally  a  corresponding  appearance  of  the  tongue.  When  a 
healthy  state  of  the  stomach  is  restored,  the  tongue  invariably  becomes  cleiin.*^* 

•  Dr.  A.  Combe's  commentary  on  the  above  passage  is  too  apposite  to  bo  omitted. 
'•  Many  persons  who  obviously  live  too  frcclV)  protest  airainst  the  fuca,  because  they 
f«t;l  no  immediate  inct)nvenience,  either  from  the  quantity  uf  food,  or  the  stimuhints 
in  which  ihey  habitually  indulge;  or  in  other  words,  because  they  experience  no 
p«in,  sickness,  or  headache, — nothing,  perhaps,  except  slight  fulness  and  oppression, 
which  soon  go  off.  Observation  extended  over  a  sufficient  length  of  time,  however, 
i^hows  that  the  conclusiim  drawn  is  entirely  fallacious,  and  that  the  real  amount  of 
injury  is  not  felt  at  the  moment,  merely  because,  for  a  wise  purpose,  nature  has  de« 
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According  to  the  experimeDts  of  Dr.  Sever^,*  the  process  of  alcoholic  fer- 
mentation is  materially  interfered  with  by  fresh  gastric  juice,  the  obstnict- 
iug  agency  being  exerted  upon  the  ferment,  and  not  upon  the  fermeDtable 
substance.  The  lactic  acid  fermentation  is  not  checked  by  fresh  gastric 
juice ;  but  this  fluid,  as  Spallanzani  long  ago  showed,  is  capable  of  com- 
pletely stopping  the  progress  of  putrefactive  i'erraentation.  The  Tempera- 
ture of  the  Stomach  rises  with  the  increase  of  vascular  and  secretory  ac- 
tivity which  takes  place  during  digestion.  Dr.  F.  Smith  found  the  ordi- 
nary temperature  of  St.  Martin's  stomach  while  fasting  to  be  98^ — ^99' 
Fahr.,  whilst  during  digestion  it  rose  to  100^ — 101°  Fahr.' 

113.  That  the  secretion  of  Gastric  Juice  is  affected  in  a  very  marked 
manner  by  conditions  of  the  Nervous  system,  is  indicated  by  the  efiect  of 
mental  emotions  in  putting  an  immediate  stop  to  the  digestive  process,  when 
it  is  going  on  with  full  vigor.  It  does  not  appear  to  be  exactly  determiDed 
by  what  channel  such  influence  is  conveyed.  Experiments  which  have  been 
made  upon  animals  with  a  view  of  ascertaining  the  share  which  the  nervous 
influence  conveyed  by  the  Pnmmogastrics  takes  in  digestion,  have  led  to  dif- 
ferent, though  perha]>8  when  all  the  conditions  are  considered,  to  reconcilable 
results  in  the  hands  of  diflfercnt  experimenters.  The  immediate  result  of  the 
division  of  these  nerves  is  to  arrest  the  movements  and  the  secretion  of  the 
stomach.  The  organ  becomes  pale  and  flaccid,'  the  reaction  of  the  juice 
feebly  acid  or  neutral,  and  the  quantity  of  pepsin  produced  diminished/ 
Any  food  that  may  be  contained  in  it  consequently  undergoes  only  slight 
and  superficial  digestion.  If  the  animal  survives  the  respiratory  and  circu- 
latory troubles  resulting  from  the  operation,  a  re-establishment  of  the  digestive 
])ower  manifests  itself  after  an  interval  of  some  days;  and  the  experiments 
of  both  Dr.  Keid^  and  Schifl*  show  that  when  life  is  sufficiently  prolonged, 
the  power  of  assimilation  and  absorption  is  almost  completely  restored :  the 
evidence  of  this  restoration  consisting  in  the  recovery  of  flesh  and  blood 
by  the  animals,  the  acidity  of  the  contents  of  the  stomach,  and  the  disap- 
pearance of  a  considerable  quantity  of  alimentary  matter  from  the  intesU- 
nal  canal,  with  the  existence  of  chyle  in  the  lacteals.*  Longet^  found  that 
milk  was  coagulated  on  the  second  day  after  the  division  of  the  pneumogas- 
trics,  and  that  small  quantities  of  meat  or  other  food  were  digested  easily 
enough,  though  large  masses  were  only  superficially  affected.  The  expen- 
meuts  of  Schifl"  seem  to  prove  that  the  chief  permanent  effect  of  section  of 
the  pneumogastrics  is  to  prevent  the  stomach  from  co-operating  in  the  act  of 
vomiting,  whilst  it  does  not  interfere  with  the  reflex  movements  of  digestion. 

privi'd  U!»  of  any  consciousni'ps  of  eilhor  the  existence  or  the  state  of  tbo  f^tomach 
during  heulth.  In  accorditncc  with  this,  Dr.  Beaumont's  experiments  prove,  thiit 
extensive  erythematic  inflammation  of  the  mucous  coat  of  the  stomach  was  of  fhs- 
quont  occurrence  in  St.  Martin  after  excesses  in  eating,  and  espc>cially  in  drinking, 
even  when  no  mark(.*d  general  symptom  was  present  to  indicate  its  existenco.  Ocfa- 
sionaily,  febrile  heat,  nausea,  headache,  and  thirst  were  coniphiined  of,  but  nut  alwavt. 
Had  St  Martin's  stomach,  and  its  inflamed  patches,  not  been  visible  to  the  eye,  ho 
too  might  have  pk*ad('d  that  tiis  temporary  excei^ses  did  him  no  harm;  but,  when 
they  presented  themselves  in  such  legible  characters  that  Dr.  Beaumont  could  not 
miss  seeing  them,  argument  and  supposition  were  at  an  end,  and  the  broad  fact  could 
not  be  denied." 

*  Hoppe-Seyler's  Med.  Chem.  Untersuch.,  1867,  p.  257.  '  Loc.  cit, 
'  Bernard,  Jje9ons,  1859,  \o\.  ii,  p.  81.                •  SehitT,  Op.  cit.,  Lt^^on  xxxii. 

*  Edinb.  Med.  and  Surg.  Journ  ,  A{)ril.  1889;  and  Physiological,  Anatomical,  and 
Pathological  K<tiiearches,  eliap  v. — Dr.  Keid's  results  have  been  confirmed  as  to  this 
important  particular  by  Hiibbenet  (Op.  cit.),  and  more  recently  by  Bidder  and 
Schmidt,  III.  Med.  Zeitung,  1852,  Heft  viii,  p.  112. 

*  For  corrob«»rative  evidence,  see  Budge,  Physiohigie,  1862,  p.  176. 

^  Physiologic,  vol.  i,  pp.  236-7,  1801.  "  Loc.  cit.,  Lemons  zxxi  and  xxxii. 
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Both  Budge  and  Schiff  maintain  that  these  nerves  are  the  conductors  by 
which  senmry  and  painful  impressions  affecting  the  stomach,  are  conveyed 
to  the  mind.  The  inquiries  which  have  been  made  in  reference  to  the  action 
of  the  Sympathetie  upon  the  secretion  of  the  gastric  juice,  are,  owing  to  the 
difficulties  which  attend  experiments  upon  this  point,  comparatively  few. 
Budge  extirpated  the  cosliac  and  meseraic  ganglia,  as  well  as  divided  the 
pDeumogastncs,  and  still  found  (with  one  exception)  that  afler  the  lapse  of 
nine  hours  the  stomach  ^ve  an  acid  reaction ;  and  his  results  were  fully 
corrobcirated  by  Ravitsch,  who  found  that  section  of  the  vagi  at  the  oesopha- 
geal opening,  involving  section  of  the  sympathetic,  had  little  or  no  influence 
upon  either  the  secretion  of  the  gastric  juice  or  the  absorption  of  the  chyme, 
though  the  latter  was  somewhat  prolonged  ;  and  by  Schiff,  who  divided  the 
splaDchnic  nerves  without  effect.  Adrian'  only  obtained  negative  results  as 
regards  the  gastric  secretion  afler  extirpation  of  the  Coeliac  Plexus,  which 
he  must  have  accomplished  with  great  dexterity,  as  the  animals  lived  for 
months  after  the  operation.'  What  influence  is  exerted  by  these  nerves  is 
probablv  effected  by  their  vaso-motor  action.  It  must  be  held  as  demon- 
strated by  these  experiments,  then,  that  all  the  arguments  which  have  been 
drawn  from  the  effects  of  lesion  of  the  Pneumogastric  and  Sympathetic 
nerves  upon  the  functions  of  the  Stomach,  in  favor  of  the  doctrine  that  Se- 
cretion depends  upon  Nervous  agency,  must  be  set  aside.  That  these  nerves 
have  an  important  influence  on  the  gastric  secretion,  is  evident  from  the  de- 
ficiency in  Its  amount  soon  afler  their  section,  ns  well  as  from  other  facts. 
Bat  this  IS  a  very  different  proposition  from  that  just  alluded  to,  and  the 
difference  has  been  very  happily  illustrated  by  Dr.  Keid.  "  The  movements 
of  a  horse,"  he  observes,  "  are  independent  of  the  rider  on  his  back — in 
other  words,  the  rider  does  not  furnish  the  conditions  necessary  for  the  move- 
ments of  the  horse — but  every  one  knows  how  much  these  movements  may 
be  influenced  by  the  hand  and  heel  of  the  rider." 

114.  Our  knowledge  of  the  nature  of  the  process  of  Gastric  Digestion  has 
been  greatly  advanced  by  recent  inquiries ;  and  we  are  now  in  a  condition  to 
state  with  considerable  precision  what  it  is,  and  what  it  is  not,  the  province 
of  the  gastric  juice  to  effect. — There  can  no  longer  be  any  doubt,  that  the 
operation  is  one  essentially  of  cheynical  solution ;  and  that  the  vital  attributes 
of  the  Stomach  are  only  exercised  in  the  preparation  of  the  solvent,  and  in 
the  performance  of  those  movements  which  promote  its  action  on  the  ali- 
mentary matters  submitted  to  it.  The  first  series  of  facts  which  clearly  de- 
monstrated this  position,  were  those  that  resulted  from  the  very  painstaking 
observations  made  by  Dr.  Beaumont,  in  the  case  of  St.  Martin  already  re- 
ferred to.  Bv  introducing  a  tube  of  india-rubber  into  the  empty  Stomach, 
Dr.  B.  was  able  to  obtain  a  supply  of  gastric  juice  whenever  he  desired  it, 
the  tube  serving  the  purpose  of  stimulating  the  follicles  to  pour  forth  their 
Becretion,  and  at  the  same  time  conveying  it  away  ;  and  with  the  fluid  thus 
obtained,  he  was  able  to  make  various  experiments,  which  showed  that  the 
change  which  it  effects  upon  alimentary  matter,  when  it  is  kept  at  a  temper- 
ature of  98°  or  100°,  and  frequently  agitated,  is  not  less  complete  than  that 
which  takes  place  when  the  same  matter  is  submitted  to  its  operation  within 
the  stomach,  but  requires  a  longer  time.  This  is  readily  accounted  for  when 
we  remember  that  no  ordinary  agitation  can  produce  the  same  effect  with  the 

>  Physiologic,  p.  421,  1861 ;  and  Lc9ons  sur  la  Thys.  de  la  Digestion,  1868,  Lc9on 
xxxii,  p.  S47. 

*  Eckhard,  Beitr'age,  Bd.  iii,  1862. 

'  Bernard,  however,  states  (Med.  Times  and  Gazette,  1860,  vol.  ii)  that  on  gal- 
vanizing the  sympathetic  nerves  distributed  to  the  stomach,  a  sudden  arrest  of  the 
secretion  occurred. 
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curious  moveinenia  of  the  stomacli ;  and  tlmt  the  continual  removal,  from  lu 
cavity,  <if  the  matter  which  has  heeti  already  fii??olvet1,  mu$t  aid  the  o|X'fai- 
tion  of  the  solvent  ou  the  remainder.  The  fonnwing  Is  uue  out  i»f  tojtny  <sx- 
enmetiU  detailed  hy  Dr*  Beaummit^  "At  Hi  o'clock  a.m*,  after  having 
kept  the  lad  lasting  lor  17  hours,  I  introduced  a  gum-elastic  tube,  and  drtw 
'oil" an  ounce  of  pui^e  gaiStric  li*iuor,  unniixed  with  any  other  matter»excej>t  A 
small  proportion  of  mucu?,  into  a  tbree-ouuce  viaL  I  then  t*H>k  a  sc>li4 
piece  of  boiled  recently-salted  beef,  weighing  three  drachma,  and  pot  it  iiit*i 
the  liquor  tu  the  vial ;  corked  the  vial  tight,  and  placed  it  iu  a  saucepan  fillctJ 
with  water,  raised  to  the  temperature  of  100\  and  kept  at  that  pi^itjt  on  u 
13 iccly-regu luted  saud-bath.  lo  Jorty  minutes  digestion  had  distinctly  com* 
menced  over  the  surface  of  the  meat.  In  jijhj  minutes,  the  fluid  hatl  bfct^me 
quite  opaque  and  cloudy  ;  the  external  texture  began  to  separate  and  beo^me 
lotjse.  In  5i>^y  minute??,  chyme  began  to  form.  At  1  o'clock  p.m,  (digestion 
having  progressed  lailh  the  same  regularity  as  in  the  la.5t  half  hour);  the 
cellular  texture  seemed  to  be  entirely  de^^troyed,  leaving  the  muscular  fibre* 
loose  and  unconnected,  floating  about  in  fine  small  direds,  very  tender  and 
soft.  At  S  o'clock  the  mnscnlar  6bres  had  ditnintshefi  one-half  since  the 
last  examinatiou.  At  5  o  clock,  they  were  nearly  all  digested  ;  a  few  fibres 
only  remaining.  At  7  o'clock  the  muscular  texture  wa^s  completelir  broken 
down,  and  only  a  few  of  the  small  fibres  could  be  seen  floating  in  the  mi  id.  At 
9  o'clock,  every  part  of  the  meat  was  completely  digested.  The  gastric  jtiicc, 
when  taken  from  the  stomach,  was  as?  clear  and  transparent  as-  water.  Tbe 
mixture  in  the  vial  was  now  about  the  color  of  whey.  After  standing  at  rest 
a  few  minutes,  a  fine  sediment  of  the  color  of  the  meat  suhj^ided  to  the  b>Uoin 
of  the  viaL— A  piece  of  beef,  exactly  similar  to  that  placed  in  the  vial»  was 
introduced  into  the  stomach,  through  the  aperture,  at  the  same  time.  At 
twelve  o  clock  it  was  vnthdrawn,  and  found  to  be  as  little  affected  by  digestion 
as  that  iu  the  vial ;  there  wjis  little  or  no  difference  in  their  appearance.  It 
\vm  returned  to  the  stomach  ;  and,  on  the  string  beitig  drawn  out  at  1  o'clock 
I'  M..  the  meat  was  found  to  be  all  completely  digested  and  gone^  The  eflbct 
of  the  gafilric  juice  on  the  piece  of  meat  suspended  in  the  stomach  was  exactly 
similar  lo  that  in  the  vial»  only  more  rapid  after  the  fii-st  half  hour,  and  [*ooncr 
completed.  Digestion  commenced  on,  and  was  contiued  to,  the  surface  entirely 
in  both  si t u a ti ons,  Agi tati on  acecl c rated  th e  so  1  u tion  i n  t  h e  vi a  1 ,  by  rem o vi ng 
the  coat  that  was  digested  on  the  surface,  enveloping  the  remainder  of  the 
meat  in  the  gastric  fluid,  aud  giving  this  fluid  access  to  the  undigested  [)«>r- 
tions."^  Jilany  variations  were  made  in  other  experiments;  some  of  which 
strikingly  displayed  the  effects  of  thorough  mastication,  in  aiding  botli  natural 
and  artificial  digestion, 

115*  The  attempt  was  made  by  Dr.  Beaumont,  to  detcrniine  the  relative 
digestibility  of  different  articles  of  diet,  by  observing  the  length  of  time 
requisite  for  their  solution.*  But,  as  he  himself  points  out,  the  rapidity  of 
digestion  varies  so  greatly,  according  to  the  quantity  eaten,  the  nature  and 
amount  of  the  previous  exercise,  the  interval  since  the  preceding  meal,  ibe 
state  of  health,  the  condition  of  the  mind^  and  the  nature  of  the  weather,  that 
a  much  more  extended  inquiry  would  be  necessary  to  arrive  at  regnlta  Iti  be 
depended  on.     Some  important  inference  of  a  general  character,  boweyer, 

'  Exjjerimenti  2  and  3  of  First  Scriea, 

>  It  i«  important  to  bonr  la  niind,  that  the  digi^tibiUty  of  diffL^rent  iubttiacfii  b«ftfi 
no  relfiii^m  lo  their  nutrient  valuc^  whitb  U  entirely  dependfTii  an  ilictr  chi^mtcft]  com- 
p^HsUiun.  or  courie,  hi^wwer  nutriliaus  h  BubslUDfe  tnt^y  bo,  it  h  vf  ^^^"1'^=  "*  atx 
urtii'ie  of  diet  if  it  caniiol  ba  disAolved  ;  but,  on  tb©  other  hand,  iubaliijp  >fy 

very  eA«lty  digested  (^ueli  hs  ttiThmcKoUM  TnaLtera)  maj  hjiT«  »  low  rmi  a\ 

tbruugb  containing  but  a  very  stniill  proportion  of  asoiiz^  ^anfflitiienti. 
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roay  be  drawn  from  his  researches. — It  seems  to  be  a  geueral  rule,  that  the 
flesh  of  wild  animals  is  more  easy  of  digestion  than  that  of  the  domesticated 
races  which  approach  them  most  nearly.  This  may,  perhaps,  be  partly 
attributed  to  the  small  quantity  of  fatty  matter  that  is  mixed  up  with  the  flesh 
of  the  former,  whilst  that  of  the  latter  is  largely  pervaded  by  it.  For  it  ap- 
pears from*Dr.  B/s  experiments,  that  the  presence  in  the  stomach  of  any 
substance  which  is  difficult  of  digestion,  interferes  with  the  solution  of  food 
that  would  otherwise  be  soon  reduced.  It  seems  that,  on  the  whole.  Beef  is 
more  speedily  reduced  than  Mutton,  and  Mutton  sooner  than  either  Veal  or 
Pork.  Fowls  are  far  from  possessing  the  digestibility  that  is  ordinarily  im- 
puted to  them  ;  but  Turkey  is,  of  all  kinds  of  flesh  except  Venison,  the  most 
soluble.  Perhaps  the  average  period  required  for  the  digestion  of  an  ordinary 
meal,  and  the  complete  emptying  of  the  stomach,  may  be  roughly  estimated 
at  from  3  to  4}  hours. — Dr.  Beaumont's  experiments  further  show  that  bulk 
is  as  necessary  for  healthy  digestion,  as  the  presence  of  the  nutrient  principle 
itself.  This  fact  has  been  long  known  by  experience  to  uncivilized  nations. 
The  Kamschatdales,  for  example,  are  in  the  habit  of  mixing  earth  or  saw- 
dust with  the  train-oil  on  which  alone  they  are  frequently  reduced  to  live. 
The  Veddahs  or  wild  hunters  of  Ceylon,  on  the  same  principle,  mingle  the 
pounded  fibres  of  soil  and  decayed  wood  with  the  honey  cm  which  they  feed 
when  meat  is  not  to  be  had  ;  and  on  one  of  them  being  asked  the  reason  of 
the  practice,  he  replied,  "  I  cannot  tell  you^  but  I  know  that  the  belly  must 
be  filled."  It  is  further  showp  by  Dr.  B.,  that  soups  and  fluid  diet  are  not 
more  readily  chymified  than  solid  aliment,  and  are  not  alone  fit  for  the  sup- 
port of  the  system ;  and  this,  also,  is  conformable  to  the  well-known  results  of 
experience;  for  a  dyspeptic  patient  will  frequently  reject  chicken-broth,  when 
be  can  retain  solid  food  or  a  richer  soup. — Dr.  Beaumont  also  ascertained, 
that  moderate  exercise  facilitates  digestion,  though  severe  and  fatiguing  exer- 
cise retards  it.  If  even  moderate  exercise  be  taken  immediately  after  a  full 
meal,  however,  it  is  probably  rather  injurious  than  beneficial ;  but  if  an  hour 
be  permitted  to  elapse,  or  if  the  quautity  of  food  taken  have  been  small,  it 
is  of  decided  benefit.  The  influence  of  temperature  on  the  process  of  solu- 
tion is  remarkably  shown  in  some  of  Dr.  B.'s  experiments.  He  found  that 
the  gastric  juice  had  scarcely  any  influence  on  the  food  submitted  to  it,  when 
the  bottle  was  exposed  to  the  cold  air,  instead  of  being  kept  at  a  temperature 
of  IOC.  He  observed  on  one  occasion,  that  the  injection  of  a  single  gill  of 
water  at  50°  into  the  stomach,  sufliced  to  lower  its  temperature  upwards  of 
30° ;  and  that  its  natural  heat  was  not  restored  for  more  than  half  an  hour. 
Hence  the  practice  of  eating  ice  after  dinner,  or  even  of  drinking  largely  of 
cold  fluids,  is  very  prejudicial  to  digestion. 

116.  It  is  far  from  being  true,  however,  that  (according  to  the  older  views 
of  its  power)  the  Gastric  juice  is  capable  of  acting  upon  all  the  nutritive 
components  of  the  food.  The  mistake  probably  arose  from  the  reduction 
to  which  these  matters  are  subjected  in  digestion,  the  alimentary  bolus  being 
completely  disintegrated,  and  its  particles  saturated  with  the  fluids  of  the 
stomach,  so  that  the  whole  forms  a  homogeneous  liquid  of  pultaceous  con- 
sistence, to  which  the  name  of  chyme  is  given.  This  chyme  will  of  coui-se 
vary  greatly  in  its  composition,  according  to  the  proportion  of  the  different 
alimentary  substances  that  have  entered  into  the  composition  of  the  food ; 
and  its  appearance,  also,  is  far  from  uniform,  being  sometimes  like  gruel, 
bat  sometimes  more  creamy,  always,  however,  having  a  strong  acid  reac- 
tion. All  the  more  recent  and  accurate  experiments  of  those  who  have 
ftadied  the  chemistry  of  digestion,  lead  to  the  conclusion,  that  the  solvent 
powers  of  the  Gastric  juice  are  chiefly  exerted  upon  azotized  substances ;  and 
that  its  action  b  comparatively  slight  upon  starchy,  saccharine,  and  ole- 
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aginous  matters.  Although  the  change  in  the  starchy  particles,  which  com- 
meuecs  in  the  mouth,  is  usually  continued  in  the  stomach,  yet  its  continu- 
ance is  essentially  dependent  upon  the  presence  of  the  salivary  fluid;  being 
materially  checked,  when,  hy  tying  the  oesophagus,  that  fluid  is  prevented 
from  passing  into  the  stomach.'  [The  experiments  by  the  American  editor 
upon  Alexis  St.  Martin,  alluded  to  in  the  text  on  page  156,  bonfirm  the 
statements  here  made  as  to  the  office  of  the  Grastric  juice  in  digesting  albu- 
minous articles  of  food,  by  a  previous  conversion  into  albuminose  or  pep- 
tones. So,  also,  that  Gastric  juice  has  no  action  upon  oleaginous  food,  other 
than  to  liberate  the  oil  by  dissolving  away  the  albuminous  envelopes  of  the 
fat-vesicles.  With  regard  to  amylaceous  constituents  of  food,  these  experi- 
ments upon  St.  ^[artin,  as  well  as  others  more  recently  performed,  throudi 
the  kindness  of  Dr.  E.  Brown-Soquard,  who,  it  will  be  remembered,  has  the 
faculty  of  vomiting  at  will,  showed  distinctly  the  presence  of  grape-sugar  in 
the  products  of  Grastric  digestion  as  determined  by  Trommer's  test;  and  this 
in  much  larger  quantity  than  could  be  obtained  by  the  action  of  saliva  for 
the  same  length  of  time  upon  a  portion  of  the  same  arrowroot  swallowed  by 
Brown-Sequard,  and  which  had  been  previously  tested  for  glucose  without 
the  response  usual  when  this  substance  is  present.  That  the  glucose  thus 
found  in  the  products  of  Gastric  digestion  is  the  result  of  the  action  of  Gas- 
trlc  juice  upon  the  amylaceous  food  is  not  contended  for.  Tiie  change  baa 
been  most  probably  produced  by  the  action  of  the  mucus  secreted  by  the 
mucous  follicles  of  the  stomach,  as  it  is  well  known  that  mucus  from  any  of 
the  mucous  membranes  has  this  effect.  Thus,  an  injection  of  starch  in  the 
rectum,  when  evacuated,  is  found  to  respond  to  Trommer's  test  for  grape- 
sugar.]  Its  conversion  into  dextrin  and  su^ar  is  completed  in  the  small 
intestine  by  the  action  of  the  gastric  juice.  The  exf)erinients  of  Dr.  Dalton' 
on  the  introduction  of  the  garden  snail  and  slug  into  the  stomachs  and  gas- 
tric juice  of  dogs,  show  that  no  living  animals,  at  least  of  this  grade  of  de- 
velopment, can  long  resist  the  digestive  process,  death  occurring  in  the 
course  of  a  few  minutes,  which  is  speedily  followed  by  the  disappearance  of 
all  traces  of  their  bodies.  The  action  of  the  gastric  juice  seems  essentially 
to  stand  in  the  place  of  a  high  temperature  and  a  powerful  oxidizing  aeent; 
but  though  albuminous  substances  are  converted  into  peptones  durine  diges- 
tion, yet  as  no  peptones  are  found  in  the  fluids  of  the  body,  but  simply  albu- 
men, this  conversion  seems  to  be  only  accomplished  for  the  purpose  of  pro- 
moting its  absorption.  For,  as  Prof.  Graham  has  shown,  albumen  has  a 
very  low  diffusive  power,  and  a  very  high  endosmotic  equivalent;  and 
although,  when  subjected  to  considerable  pressure,  its  solutions  will  filter 
slowly  through  animal  membranes  (thus  affording  a  rationale  of  its  occa- 
sional appearance  in  various  transudations),  yet  it  is  obvious  that  unless 
some  such  preliminary  change  took  place,  a  very  insufficient  supply  of  this 
material  would  gain  entrance  into  the  blood. 

117.  This  action  of  the  gastric  solvent  upon  the  azotized  constituents  of 
the  food,  is  dependent  upon  several  accessory  conditions.  One  of  the  most 
important  of  those  is  temperature,  A  heat  of  from  96^  to  100°  is  required 
to  keep  up  the  solvent  process,  which  is  retarded  according  to  the  depres- 
sion of  the  thermometer  below  this  standanl;  so  that  at  the  ordinair  tem- 
perature of  the  atmosphere  it  is  completely  suspended,  to  be  renewed,  how- 
ever, with  an  increment  of  heat.  On  the  other  hand,  a  trifling  elevation  of 
temperature  above  100^  occasions  a  deconij^sition  in  the  gastric  juice,  which 
entirely  destroys  its  solvent  power.     The  next  condition,  which  specially 

*  See  Frorichs,  in  \Vfti;n«»r'8  Handwortcrbuch,  Bd.  iii,  Art.  Verdauung. 
'  Anier.  Journ.  of  Med.  Science,  April,  1805,  p.  334. 
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ftflecto  the  time  required  for  the  process  of  solution,  is  motion.  This  does 
not  act  mechanical ly,  bv  way  of  "  trituration,"  as  was  once  supposed ;  for  food 
is  found  to  be  digested,  when  inclosed  in  metallic  balls  perforated  to  admit 
the  access  of  gastric  juice  to  their  interior.  But  it  answers  the  purpose  of 
thoroughly  subjecting  the  whole  of  the  alimentary  bolus  to  the  agency  of 
the  gastric  solvent,  by  bringing  each  part  successively  into  contact  with  the 
lining  membrane  of  the  stomach,  from  the  surface  of  which  the  fluid  is 
efius^.  The  removal  of  the  matters  already  reduced  or  dmolved,  also,  has  a 
most  important  effect  in  facilitating  the  solution  of  the  remainder.  This 
removal  is  due  in  part  to  the  absorption  of  the  matters  in  a  state  of  solu- 
tion, into  the  bloodvessels  of  the  walls  of  the  stomach ;  and  in  part  to  the 
successive  escape  of  the  reduced  portions  through  the  pyloric  orifice.  The 
importance  of  the  previous  state  of  minute  divmon  and  incoij>oration  with 
aquemufiuidy  in  promoting  the  action  of  the  gastric  solvent,  has  been  already 
dwelt  on  (§  101). 

118.  Although  the  Chymes  or  product  of  gastric  digestion,  which  escapes 
through  the  pyloric  orifice  into  the  duodenum,  contains  much  azotized  mat- 
ter in  a  state  of  actual  solution,  a  considerable  proportion  of  it  is  still  only 
reduced  and  mechanically  suspended ;  and  the  solution  of  the  latter  is  con- 
Unued  in  the  intestinal  tube.  In  the  farinaceous  part  of  the  food,  more- 
over, no  great  amount  of  change  has  hitherto  been  effected  ;  and  the  sugar 
which  has  been  generated  by  the  agency  of  the  salivary  ferment,  is  probably 
absorbed  into  the  bloodvessels  nearly  as  fast  as  it  is  formed.  In  the  condi- 
tion of  the  fi&tty  matters,  no  important  change  is  perceptible,  except  such  as 
results  from  the  solution  of  the  membranes,  etc.,  that  inclosed  them.  Hence 
we  see  that  the  pn^cess  of  Digestion,  so  far  from  being  completed  in  the 
stomach,  has  only  been  carried  one  stage  further.  Soon  after  its  entrance 
into  the  Duodenum,  the  chyme  is  subjected  to  the  actions  of  the  Bile,  the 
Pancreatic  fluid,  and  that  secretion  from  the  glandulie  in  the  walls  of  the 
intestine  itself  (proceeding  from  the  glands  of  Brunner,  §  114,  and  Lieber- 
kiihn),  which  is  known  under  the  name  of  the  "  Succus  Entericus."  Of 
these,  the  Pancreatic  fluid  will  be  first  noticed.  The  structure  of  the  Pan- 
creas closely  resembles  that  of  the  Salivary  glands  (§  95),  for  it  consists  of 
racemose  clusters  of  secretinc:  follicles,  which  form  the  terminations  of  the 
ramifying  divisions  of  the  duct;  each  cluster,  with  its  bloodvessels,  lym- 
phatics, nerves,  and  connecting  tissue,  forming  a  lobule  ;  and  the  separate 
lobules  being  held  together  by  areolar  tissue,  as  well  as  by  the  vessels  and 
duets.  The  cells  of  the  secreting  part  of  the  gland  are,  according  to  Lat- 
schenberger,*  large,  and  contain  a  succulent  mass  of  protoplasm  in  their 
interior.  If  the  gland  be  injected  from  the  duct  of  Wirsung,  a  dendritic 
series  of  branches  are  brought  into  view,  which  has  led  various  observers'^  to 
believe  that  the  secretory  cells  of  the  pancreas,  like  those  of  the  liver,  are 
surrounded  by  extremely  fine  ducts,  which  convey  the  secretion  into  the 
lareer  excretory  passages ;  but  Latschenberger  has  shown  that  there  are  no 
such  independent  tub^,  the  appearance  being  due  to  the  injection  forcing 
its  way  not  only  in  the  axis  of  the  canal,  but  through  the  interspaces  be- 
tween the  adjoining  cells.  The  nerves  of  the  Pancreas  are  derived  from  the 
sympathetic  system,  and  terminate,  according  to  Pfliiger,  in  the  same  way 
as  in  the  salivary  glands,  by  penetrating  the  secretory  cells.  Like  both  the 
liver  and  the  salivary  glands,  the  devehpment  of  the  pancreas  commences  by 

»  Quoted  in  Brucke'8  Physiologie,  1874,  p.  325. 

»  See  LaniErerhans,  Inauff.  Dissert,  1869;  Centralblatt,  1870,  p.  261  ;  and  Pfluirer's 
Arcbiv,  Biind  v,  p.  203:  Giannuzzi,  Comptcs  Kendus,  t.  Ixviii,  1869,  p.  1280;  Savi- 
oui,  M.  Schultze's  Arcbiv,  Band  v,  p.  404. 
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a  sort  of  budding  forth  of  the  alimentary  canal  at  a  particular  spot  apop 
which  a  mass  of  cells  has  previously  accumulated.  The  secretion  of  thii 
gland  resembles  saliva  in  its  general  appearance,  being  clear  and  colorlew, 
free  from  smell,  alkaline  in  its  reaction,  and  very  viscid ;  the  only  morpho- 
logical constituents  it  contains  are  numerous  granules  of  oil.  Upon  the  ap- 
plication of  heat,  or  upon  the  addition  of  any  of  the  stronger  mineral  acids, 
it  coagulates  into  a  solid  mass  like  the  white  of  an  egg.  This  appears  to  be 
due  to  the  presence  of  alkali-albumen  and  serum-albumen,  as  well  as  to  a 
peculiar  form  of  albumen,  which  is  precipitated  in  a  gelatinous  cundition  at 
a  temperature  of  32^  Fahr.  from  the  concentrated  secretion.^  The  proper- 
ties of  the  secretion  seem  to  vary  according  to  the  period  of  digestioD  at 
which  it  is  collected,  being  at  first  very  tenacious  and  coagulating  com- 
pletely, and  at  a  later  f)eriod  becoming  thinner,  more  alkaline,  and  leas  pe^ 
fectly  coagulable  by  heat ;  its  solvent  powers  upon  various  constituents  of 
the  food  are,  at  the  same  time,  less  strongly  marked.  The  com  position  of 
the  Pancreatic  juice  of  the  Dog  is  represented  in  the  following  Table;*  the 
term  pancreatic  including  all  the  albuminous  constituents: 
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Water, 

Solid  residue, 

Pnncrealin, 

Salts, 

'  Soda  combined  with  pancroatin, 

Sodium  chloride 

potassium  chloride, 

i  Calcium  |>ho<tphate, 

Magnesium  phn>phate  with  traces  of  oxide  of  iron, 
:  Trihasic  pho!«phate  of  soda,  

Lime  combined  with  pancreMtin 

Magnesia  combined  with  pancreatin, 
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Loucin,  Guanin,  and  Tyrcsin,  have  been  stated  to  be  constant  constituents 
of  the  substance  of  the  gland,  and  Leucin  and  Xauthin  have  occasionally 
been  found  in  the  secretion.  Kecent  experiments,  however,'  render  it  prob- 
able that  tlieric  .'^ub.stances  proceed  from  the  action  of  the  secretion  on  the 
albuminous  constituents  of  the  food,  or  even  on  the  tissue  of  the  gland 
itself. 

119.  The  nature  of  the  organic  substance  which  forms  so  large  a  part  of 
the  :*olid  residue  of  the  pancreatic  juice,  and  which  is  so  singularly  prone  to 
decoin})osition,  has  not  been  accurately  determined.  Bemanl  states  that  it 
resembles  albumen  in  being  precipitated  by  heat,  acids,  alcohol,  and  metal- 
lie  salts,  but  differs  in  being  thrown  down  by  sulphate  of  magnesia,  and  by 
the  circumstance  that,  after  being  precipitated  by  alcohol,  it  can  be  redis- 
solved  in  water.  The  quantity  of  the  secretion  which  is  poured  forth  in 
twenty-four  hours,  has  been  variously  estimated  ;  and  perhaps  the  difierenoes 


>  Wiindt,  Physioloirie,  1873,  p.  217. 
'  (ron))>-Be«anez,  Phv.<iol.  Chemie,  1802,  p.  487. 

»  Kiihne,  Centralblait  f.  d.   Med.   Wiss.,    18G7,  p.  420,  and  Fudakowski,  idem, 
p.  54»i. 
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are  due,  as  Bernard  has  suggested,  to  the  circumstance  that  when  the  opera- 
tion for  the  formation  of  a  pancreatic  fistula  has  been  attended  with  much 
violence,  when  the  gland  has  become  inflamed,  and  the  health  of  the  animal 
has  in  consequence  suffered,  the  fluid  secreted  is  abnormal,  and  differs  both 
in  quantity  and  in  many  of  its  most  essential  properties,  from  the  healthy 
secretion.  From  these  considerations,  and  from  the  probably  intermittent 
character  of  the  secretory  act,  it  is  manifest  that  only  an  approximate  esti- 
mate of  the  absolute  quantity  can  be  made.  Bernard  estimates  the  quantity 
secreted  per  hour  in  the  dog,  for  every  1  lb.  weight  of  the  animal,  at  about 
15  grains ;  Schmidt  and  Kroger  at  from  20  to  35  grains  ;*  Skrebitzky  and 
Bidder  at  from  21  to  35  grains.  If  this  last  estimate  were  applied  to  man, 
it  would  give  from  12  ozs.  to  16  ozs.  a  v.  as  the  total  quantity  of  pancreatic 
juice  secreted  per  diem.  Bernard  describes  the  gland  as  pale  and  flaccid 
during  the  period  of  fasting,  and  as  rosy,  but  not  deep  red,  some  time  after 
food  has  been  taken,  when  the  secretion  is  rapidly  poured  forth.  The  activ- 
ity of  the  gland  seems  to  be  greatest  at  the  middle  or  towards  the  close  of 
gastric  digestion,'  and  at  the  period,  therefore,  of  the  passage  of  the  con- 
tents of  the  stomach  into  the  small  intestine.  Corvisart  attributes  the  secre- 
tion to  a  kind  of  charging  of  the  pancreas  with  albuminous  compounds 
absorbed  during  gastric  digestion,  for  on  the  introduction  of  food,  or  of  the 
products  of  gastric  digestion  below  the  entrance  of  the  pancreatic  duct,  no 
increase  in  the  flow  of  the  secretion  occurred.  [Bernstein  has  shown  that 
with  the  entrance  of  food  into  the  stomach  the  pancreatic  secretion  rapidly 
increases,  and  soon  reaches  its  maximum ;  then  slowly  decreases,  and  towards 
the  sixth  hour  a^in  increases.  Heidenhain,  in  a  long  paper,  has  put  forth 
the  following:  During  the  state  of  hunger  the  granular  interior  portion 
of  the  pancreatic  cell  occupies  a  larger  part,  whilst  the  homogeneous  exterior 
of  the  cell  occupies  a  smaller  part;  that  during  the  first  period  of  digestion, 
when  the  most  active  secretion  takes  place,  there  is  a  lessening  of  the  size  of 
the  whole  cell  through  a  using  up  of  the  granular  interior.  Whilst  new 
materials  are  added  to  the  exterior  of  the  cell,  this  portion  of  the  cell  is 
increased  in  size;  that  during  the  second  period  of  digestion,  when  the  secre- 
tion sinks  and  stops,  there  is  a  renewal  of  the  granular  interior  of  the  cell  at 
the  expense  of  the  homogeneous  exterior,  extreme  diminution  of  the  latter, 
and  increase  of  the  size  of  the  whole  cell;  that,  during  long  fasting,  there  is  a 
gradual  increase  of  the  external  portion  of  the  cell  to  its  original  size, 
with  a  small  decrease  of  the  interior  granular  portion;  the  cells  during  their 
physiological  activity  use  up  their  granular  interior,  whilst  there  is  an 
addition  of  new  material ; — in  other  words,  there  is  a  metamorphosis  of  the 
granular  matter  into  secretory  elements  with  the  increase  of  nutritive  materials 
m  the  formation  of  the  homogeneous  part  of  the  cell,  which,  in  its  turn,  is 
converted  into  the  interior  granular  material.  The  general  shape  of  the  cell 
depends  on  the  relative  rapidity  with  which  these  processes  are  accomplished. 

>  See  M.  Edwards,  Le^.  sur  la  Phy&iol.,  1860,  p.  522.  Colin  obtained  about  10 
ox.  per  hour  from  a  cow  of  medium  size  and  from  a  horse,  but  only  3  drachms  from 

*P'§- 

'  Weinroann  observed  in  a  dog  during  the  fir^t  hour  after  a  full  meal  1510  grains 
Mcreted,  whilst  after  a  45  hours'  fust  only  7J  grains  (Henlo  andPfeufter's  Zeit^chrift, 
X.  F.,  Band  iii,  p.  247).  Kroger  obtained  384  grains  during  the  first  hour,  271  in 
the  2d,  225  in  the  8d.  4th,  6th,  and  6th  ;  176  in  the  7ih,  8th,  and  9th  ;  165  from  the 
lOlh  to  the  14lh  ;  and  103  from  the  19th  to  the  24th  ( Archiv.  G6n.  de  M^d.,  i,  1861, 
p.  533).  Bernstein  (Leipziger  Arbeiten,  1870,  p.  6)  obtained  scarcely  any  from  fast- 
ing dog9,  but  remarked  a  considerable  increase  (0.6 — 2.2  c.c.  in  10  min.)  during  the 
first  hour  after  feeding,  the  quantity  attaining  its  maximum  at  the  2d  and  8d  hour 
(about  5  c.c.  in  10  min.),  then  diminishing  to  the  5th  hour,  when  a  slight  increase 
took  place  till  the  7th  hour,  after  which  it  gradually  fell  to  zero. 

12 
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In  the  first  period  of  digestion  there  is  a  more  rapid  using  up  of  the  in- 
terior of  the  cell,  and  a  more  rapid  addition  to  the  exterior.  In  the  secoad 
period,  when  the  greatest  changes  take  place,  the  homogeneous  exterior  is 
metamorphosed  into  the  granular  interior;  whilst  during  the  stage  of 
hunger,  tne  using  up  of  materials  is  smaller,  the  addition  of  new  materials 
is  slower,  but  it  causes  visible  widening  of  the  exterior  portion  of  the  cell. 
Heidenhain  believes  that  in  no  other  organ  are  the  interior  changes 
shown  with  such  marked  microscopic  distinctness.  He  also  describes  a 
body  obtained  from  the  pancreas,  which  he  calls  zymogen,  which  is  soluble 
in  concentrated  glycerin  without  suffering  any  change.  Its  convereion 
into  pancreatin  occurs  in  watery  solution  quicker  in  warmth,  slower  at 
the  usual  temperatui-c.  Acids  cause  these  changes,  but  salts,  such  as 
chloride  of  sodium  and  carbonate  of  soda,  retard  this  metamorphosis.  The 
quantity  of  this  b()<ly  in  the  pancreas  during  digestion  varies  with  the 
changes  in  the  cell ;  it  increases  and  decreases  according  as  the  degree 
of  formation  of  the  granular  interior  of  the  cell  increases  and  decreases. 
Irritation  of  the  medulla  by  induction  currents  increases  this  secretion  prob- 
ably through  its  connection  with  the  iutraglandular  ganelia.  The  secre- 
tory nerves  of  the  pancreas  have  a  direct  influence  not  only  on  the  amount 
of  water,  but  of  the  solid  elements  in  that  secretion. — Pfliiger's  Archives.'] 
Distinct  evidence  of  the  indirect  iuftnence  of  the  nervous  system  upon  the 
activity  of  the  gland  has  been  obtained.  Section  of  the  nerves  accompany- 
ing the  vessels  causes  congestion  of  the  gland,  greatly  augments  the  quantity 
of  the  secretion  (paralytic  secretion),  which  continues  when  the  animal  is 
kept  fasting.  If,  whilst  these  nerves  are  uninjured,  the  pneuniogastrics  are 
divided,  and  the  centric  ends  excited,  the  secretion  is  diminished,  and  a 
similar  inhibitory  effect  is  observed  at  the  commencement  of  efforts  to  vomit. 
From  the.se  facts  the  conclusion  may  be  drawn  that  the  nerves  distributed 
to  the  gland  exert  an  inhibitory  or  restraining  influence  upon  the  secretory 
activity  of  the  gland,  which  is  removed  by  reflex  action,  through  the  spinal 
<;ord  and  sympathetic  nerve,  when  the  pneumogastric,  or  its  peripherical 
terminations  in  the  stomach,  are  excited.*  No  evidence  has  been  obtained 
that  any  nerves  directly  excite  the  secretion.  Under  the  toxic  influence  of 
woorara,  the  secretion  is  greatly  augmented.  As  the  organ  is  of  consider- 
able size,  is  very  constant  amongst  the  Vertebrata,  and  uniformly  discharges 
its  secretion  into  the  duodenum,  it  is  natural  to  sup{)ose  that  it  must  exert 
an  important  influence  in  preparing  the  food  for  absorption ;  and  this  is 
fully  borne  out  by  our  knowledge  of  the  serious  interference  to  the  due  per- 
formance of  this  operation,  resulting  from  disease  of  this  organ,  and  of  the 
extreme  instability  of  the  organic  matter  contained  in  its  secretion. 

120.  From  the  researches  of  many  experimenters,  it  appears  to  be  well 
ascertained  that  probably  owing  to  the  presence  of  three  separate  ferments,' 
the  pancreatic  juice  can — 1.  Like  diastase,  convert  starch  into  sugar;  2. 
That  it  can  emulsify  the  fats  and  oils  and  effect  their  decomposition  into 
glycerin  and  the  fatty  acids;  3.  That  it  can,  like  {)epsin,  convert  albumen 
into  peptone.'  Its  action  differs  from  pepsin,  however,  in  continuing  in 
alkaline  and  neutral  solutions,  whilst  it  is  arrested  by  a  moderate  excess  of 
acid.     The  first  and  second  of  the  above  actions  are  possessed  by  all  speci- 

*  S»m;  HiTiistein,  Arboitpn  uus  d«»r  Loipzii^er  Anstult,  1870,  p.  1. 

2  S«^o  Daiiih'wsky,  Arcliiv  f.  Path.  Aimt.,  Bd.  xxv. 

'  Livcrsidgc  and  Clowes  ( JouriiHl  of  Annt.  and  rh3*s.,  vol.  yiii,  p.  25)  have  showp 
that  |H'|»sin  and  pancroatio  fiTinent  have  a  very  similar  chemical  compoMtion.  The 
percent  a  u^tf  composition  of  the  probably  impure  ferment  obtained  by  mucerating  the 
paiu'n>a>  in  alcohol  to  precipitate  tlio  albnminoiH  compounds,  eztractini;  with 
givceriii  and  precipitatinic  with  alcohol,  was  C.  34.925,  N.  11.020,  Aih  16.170;  that 
of'PepMn  was  C.  39.792,  N.  10.100,  Ash  16.48. 
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mens  of  pancreatic  juice,  the  last  is  only  displayed  with  certainty  by  the 
juice  and  extract  of  the  rosy  gland,  obtained  during  digestion/  In  addition 
to  its  emulsifying  power  over  fats,  the  pancreatic  juice  can  exert  a  chemical 
action,  effecting  the  disintegration  of  the  more  easily  decomposable  fats  into 
glycerin  and  the  fatty  acids,  and  this,  according  to  Briicke,  materially  facil- 
itates the  formation  of  a  permanent  emulsion.'  The  saccharifying  influence 
of  the  pancreatic  juice  upon  starch  was  first  observed  by  Valentin,  and  may 
be  proved  by  adding  the  healthy  secretion  obtained  by  a  fistulous  opening, 
or  even  an  infusion  of  the  gland-substance,  to  either  crude  or  boiled  starch ; 
for  though  the  energy  of  the  action  is  much  greater  in  the  latter  case,  yet 
even  in  the  former  the  starch-grains  become  rapidly  altered  in  form,  disin- 
t^rate,  and  dissolve,  grape-sugar  being  at  the  same  time  produced.^  The 
necessity  which  exists  for  the  conversion  of  starch  into  sugar  before  it  can  be 
absorbed,  renders  evident  the  advantage  which  attends  the  presence  of  a 
gland  possessing  a  similar  transforming  power  to  that  of  saliva,  at  some  dis- 
tance from  the  mouth,  where  it  may  act  upon  crude  starch,  now  softened, 
swollen,  and  otherwise  affected  b^  the  combined  heat  and  moisture  of  the 
stomach,  and  which  would  otherwise  escape  being  acted  on.  The  amylolytic 
power  of  the  pancreatic  fluid  has  been  shown  by  Dr.  M.  Foster*  not  to  de- 
pend on  the  pancreatin  it  contains ;  and  Cohnheim  and  Danilewsky  believe 
they  have  isolated  the  substance  possessing  this  peculiar  power,  and  have 
satisfied  themselves  it  is  not  a  proteid.  The  action  exerted  is  undoubtedly 
that  of  a  ferment,  since  an  indefinite  quantity  of  starch  can  be  converted  into 
sugar  by  a  definite  quantity  of  the  ferment.  Its  operation  is  not  interfered 
with  by  the  presence  of  the  gastric  juice.  The  pancreatic  juice  is  not,  how- 
ever, exclusively  destined  for  this  function,  sharing  it  with  the  "succus  en- 
tericos,"  which  has  been  shown  by  Frerichs  and  Hiibbenet,  and  especially 
in  the  interesting  case  recorded  by  Busch,'  to  be  also  possessed  of  this  cou- 
yerting  power. 

121.  But  secondly,  it  has  been  affirmed  by  M.  CI.  Bernard,  and  strong 
evidence  has  been  adduced  by  him  in  support  of  his  statement,  that  the 
essential  purpose  of  the  Pancreatic  fluid  is  to  promote  the  absorption  of  fatty 
matters,  by  reducing  them  to  the  state  of  an  emnkion,  which  is  capable  of 
finding  its  way  into  the  lacteals.  That  this  fluid  possesses  the  emulsifying 
power  in  a  peculiar  degree,  may  be  considered  as  having  been  fully  demon- 
strated by  his  experiments;  for  on  mixing  it  with  oil,  butter,  or  any  variety 
of  fat,  at  a  temperature  sufficiently  high  to  render  the  fatty  substance  liquid, 
and  then  stirring  the  mixture  for  a  few  minutes,  an  emulsion  is  produced, 
bearing  a  strong  resemblance  to  chyle.  This  emulsion  does  not  cease  to 
present  its  peculiar  aspect,  even  when  left  standing  for  some  time;  whereas, 
although  bile,  saliva,  gastric  juice,  blood-serum,  and  other  animal  fluids, 
have  a  certain  emulsifying  power,  yet,  after  a  short  time,  the  oil-particles 
run  together  again,  almost  as  if  they  had  been  merely  shaken  up  with  water. 
Further,  it  is  asserted  by  Bernard,  that  in  the  Rabbit  (in  which  the  pan- 

*  Wundt,  Physiologic,  1873,  p.  217.  Bernstein,  Leipziger  Arbeiten,  1870,  p.  83, 
states  that  bo  could  obUtin  little  or  no  secretion  from  healthy  fasting  dogs,  but  that 
the  pancreatic  juico  ({  105)  always  acted  well  in  dissolving  Fibrin. 

J  See  Briicke,  Physiologic,  1874,  p.  329. 

'  In  unhealthy  conditions,  it  is  not  unlikely  that  the  same  changes  may  take  place 
as  occur  when  pancreatic  juice  is  allowed  to  remain  long  upon  starch-paste  at  a  mod- 
erately high  temperature ;  these  changes  being  accompanied  with  the  evolution  of 
hydrogen,  nitrogen,  and  carbonic  acids,  indicating  the  occurrence  of  the  lactic, 
butyric,  or  even  alcoholic  fermentation. 

*  Humphry  and  Turner's  Journal  of  Anat.  and  Physiol.,  vol.  i,  1866,  p.  108. 

*  Virchow'*  Archiv  f.  path.  Anat.  und  Physiol.,  vol.  xiv,  p.  140.  See  also  Can- 
ttatt'8  Jahre«bencht,  1802,  p.  112. 
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creatic  duct  discharges  itself  some  inches  lower  down  in  the  intestine  than 
does  the  bile-duct),  when  fatty  matters  have  been  introduced  into  the  ali- 
mentary canal,  they  undergo  no  considerable  change,  until  they  have  passed 
the  orihce  of  the  pancreatic  duct;  an  oily  emulsion  being  then  for  the  fint 
time  found  in  the  intestinal  canal,  and  the  opaque  whiteness  of  chyle  show- 
ing itself  in  the  contents  of  those  absorbents  only  which  originate  m  the  in- 
testinal villi  below  that  orifice.  So,  again,  M.  Bernard  affirms  that  by  put^ 
ting  a  ligature  round  the  pancreatic  duct,  the  digestion  of  oleaginous  matter 
is  so  completely  prevented,  that  it  is  found  unchanged  in  the  lower  part  of 
the  intestinal  tube,  and  no  opalescent  chyle  is  found  in  the  lacteals.  This 
position  is  further  strengthened  by  the  fact  ascertained  by  clinical  observa- 
tion/ that  there  is  a  close  relation  between  disease  of  the  pancreas,  and  the 
discharge  of  fatty  matters  per  anum.  Frerichs,  Lehmann,  Lenz,'  and  others, 
endeavored  to  show  that  the  statements  of  M.  Bernard  were  too  exclusive  in 
their  character,  and  that  the  digestion  and  absorption  of  fatty  matters  took 
place  afYer  the  pancreatic  duct  had  been  tied  (sufficient  time  having  been 
given  for  the  evacuation  of  any  pancreatic  fluid  that  might  have  been  in 
the  alimentary  canal  previously  to  the  operation),  and  even  in  the  lower 
part  of  the  small  intestine,  into  which  the  substances  had  been  conveyed 
by  injection,  after  it  had  been  completely  separated  by  a  ]i«iture  from 
the  upper  part  into  which  the  pancreatic  fluid  was  poured.  Bernard 
replied  with  great  acumen  to  these  observers,  that  afler  tying  the  duet  they 
did  not  in  most  instances  take  care  to  ascertain  whether  a  second  duct  was 
present  or  not,  a  circumstance  of  common  occurrence  in  some  animals;  and 
secondly,  that  when  the  experiments  were  in  other  respects  satisfactorily 
performed,  the  emulsifieation  of  the  fats  might  still  have  been  effected  by 
the  increased  activity  and  development  of  certain  glands  which  he  has  ob- 
served between  the  coats  of  the  duodenum,  in  immediate  proximity  to  the 
entrance  of  the  duct  of  the  pancreas,  and  the  secretion  of  wliich  he  found  to 
resemble  very  closely  that  of  the  pancreas  itself.  It  must  be  observed  how- 
ever that  Beranl  has  dissected  out  these  glands,  and  ascertained  that  their 
collective  weight  does  not  exceed  ^i^th  that  of  the  pancreas;  and,  therefore, 
the  function  of  that  gland  can,  in  tJfie  first  instance,  at  least,  be  but  imper- 
fectly discharged  by  them.  Colin'  (of  Alfort),  moreover,  made  some  in- 
genious experiments,  in  which  he  determined  the  quantity  of  fat  contained 
in  the  chyle  of  cows  and  other  animals,  both  before  and  after  ligature  of 
the  pancreatic  duet,  and  after  extirpation  of  the  gland.  He  was  unable  to 
discover  any  remarkable  difference  in  its  composition.  Similar  experiments 
were  made  by  Herbst,  Schiff*,  and  Bonders,  from  which  the  conclusion  may  be 
fairly  drawn,  that  though  the  pancreatic  juice  is  of  considerable  importance 
in  the  emulsifieation  of  fatty  bodies,  yet  that  its  action  is  not  indbpensably 
requisite  for  their  absorption  ;  and  it  is  possible,  either  as  Frerichs  and  Hub- 
benet  state,  that  the  Suceus  Entcricus  may  possess  an  emulsifying  power  of 
considerable  energy,  and  quite  sufficient,  in  the  absence  of  the  pancreatic 
juice,  to  prepare  a  due  amount  of  fat  to  supply  the  demands  of  nutrition ;  or» 
as  M.  Peyrani,^  Voit,^  and  Schiff  *  contend,  that  the  bile  is  an  important 
agent  in  the  digestion  of  this  class  of  alimentary  substances.     In  Busch's 

*  Soe  Dr.  Bripht's  researches  on  this  point,  in  Med.-Chir.  Trans.,  vol.  xviii;  alio 
an  Article  on  Puncreatic  Disease  and  Fatty  Discharges,  in  Brit,  and  For.  Med.-Chir. 
Rev.,  vol.  xii,  p.  164. 

'  De  Adipis  Concoctione  et  Absorptione,  Dorpat,  1850. 

3  Comptes  Rendus,  I80G.  «  lb.,  1867,  p.  197. 

*  See  Briicke,  Vorlesungen,  1874,  p.  829. 

*  Centralblatt,  1872,  p.  790,  Schiif  occludes  the  duct  of  Winung  with  paraffin,  and 
finds  the  digestion  of  fats  in  no  way  interfered  with. 
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case,  however,  already  referred  to,  the  digestive  action  of  the  fluid  poured 
forth  by  the  lower  part  of  the  Jejunum  and  Ileum  upon  fatty  bodies  intro- 
duced into  them  through  the  fistulous  orifice,  was  exceedingly  imperfect. 

122.  If  the  part  played  by  the  pancreatic  fluid  in  the  digestion  of  fatty 
bodies  is  still  in  some  measure  doubtful,  its  capability  of  eflecting  a  solution 
and  metamorphosis  of  albuminous  bodies  is  still  more  difficult  to  determine. 
There  appears,  however,  to  be  good  reason  for  believing  that  the  view  origi- 
nally held  by  Corvbart*  is  correct,  to  the  effect  that  healthy  pancreatic  juice, 
or  the  infusion  of  a  healthy  pancreas,  or  even  a  solution  of  precipitated  pan- 
creatin  in  distilled  water,  possesses  a  distinctly  solvent  action  on  albuminous 
compounds,  converting  them  into  peptones  without  the  supervention  of  any 
signs  of  putrefaction.  The  following  experiment,  performed  by  Meissner, 
afR>rds  material  confirmation  of  the  accuracy  of  the  views  entertained  by  Cor- 
▼isart.  The  duodenum  in  a  dog  was  thoroughly  washed  out  with  a  stream  of 
warm  water,  and  surrounded  by  a  ligature  above  and  below  the  point  of  en- 
trance of  the  large  duct  of  the  pancreas.  By  this  proceeding  the  entrance  of 
the  secretion  of  the  superior  duct,  and  of  the  bile  through  the  ductus  com- 
munis choledochus,  was  excluded.  And  now,  the  animal  having  previously 
been  kept  fasting  for  fifteen  hours,  34  grammes  of  hard-boiled  white  of  egg 
were  introduced  into  the  loop  of  intestine,  confined  between  the  ligatures, 
whilst  20  grammes  were  at  the  same  time  introduced  into  the  stomach,  to  sup- 
ply the  ferment  with  which  he  believes  it  is  requisite  that  the  pancreas  should 
oe  charged.  After  the  lapse  of  fifteen  hours  the  duodenum  was  examined, 
when  150  grammes  of  neutral  fluid  were  found  quite  free  from  any  odor  of 
putrefaction,  with  4  grammes  of  undissolved  albumen;  30  grammes  of  this 
substance  had  consequently  been  dissolved.  Pancreatic  peptones  differ,  ac- 
cording to  Diakonow,'  from  those  produced  by  the  gastric  juice,  in  their  pre- 
cipitability  by  acids,  and  by  most  acid  salts;  (the  acid  phosphate  of  soda, 
however,  being  especially  excepted).  Kiihne'  has  shown  that  by  the  con- 
tinued action  of  the  juice  on  the  newly  formed  peptone,  leucin  and  ty rosin 
appear  in  the  fluid,  indicating  that  regressive  metamorphosis  of  albumen — 
or  a  kind  of  luxus-consumption — may  occur  previous  to  absorption  in  the 
intestinal  canal,  since  these  same  substances  can  be  obtained  from  albumen 
by  the  action  of  acids  at  a  boiling  temperature.  ludol  (a  substance  belong- 
ing to  the  indigo  series)  and  Naphthylaniin  have  also  been  discovered  in 
pancreatic  chyme.  All  observers  are  agreed  that  the  most  active  pancreatic 
juice  is  obtained  from  an  animal  in  full  digestion,  as  it  is  only  at  that  time 
that  the  gland  is  thoroughly  charged  with  the  pancreatic  ferment  that  is 
capable  of  digesting  albuminous  compounds.  In  a  remarkable  and  well- 
observed  case  of  atrophy  of  the  liver  and  pancreas  described  by  Dr.  J.  A.  Fl6s, 
a  considerable  quantity  of  fat  and  undigested  muscular  fibre  was  found  to  piiss 
away  in  the  fseces,  but  after  the  daily  adminstration  of  a  calf's  pancreas  nearly 
all  the  fat  and  a  great  proportion  of  the  mtiacular  tissue  disappeared.^ 

123.  The  Duodenum  receives  not  only  the  Pancreatic,  but  also  the  Biliary 
secretion;  and  from  the  constancy  with  which  this  fluid  is  poured  into  the 
upper  part  of  the  intestinal  tube,  or  even  into  the  stomach  itself,  in  all  ani- 
mals which  have  any  kind  of  hepatic  apparatus,  it  seems  a  legitimate  infer- 


•  Sur  une  Function  peu  connue  du  Puncren.s,  Paris,  1857-68. 
«  Hoppe-Seyler'g  Med.  Chom.  Untersuch.,  18G7,  p.  243. 

»  Kuhne,  Physiolog.  Chemie,  1865,  p.  118. 

*  Donders's  Archiv,  1862,  Bd.  iii,  pt.  ii,  p.  187.  A  practical  application  of  the  di- 
gefttive  powers  of  the  pancreatic  secretion  has  been  made  by  Dr.  Dobcll,  who  uses  an 
emuUion  of  the  fresh  gland  in  certain  forms  of  indigestion.  A  combined  solution  of 
pepsin  and  pancreatin  has  also  been  used  with  good  effect  by  Mr.  Kinkead.  See  Lan- 
cet, 1870,  ii,  p.  667. 
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ence  that  this  secretion  is  not  purely  excrementitious,  but  serves  some  im- 
portant purpose  in  the  digestive  process.*  It  is  not  easy,  however,  to  state 
with  precision  what  this  purpose  is.  The  results  of  many  of  the  experi- 
ments which  have  been  made  to  determine  it,  are  vitiated  by  the  fact,  that 
the  pancreatic  duct  in  most  cases  discharges  itself  into  the  intestinal  tube  at 
the  same  point  with  the  hepatic,  and  has  thus  been  frequently  involved  in 
operations  performed  upon  it. — As  the  most  important  constituents  of  Bile, 
and  the  agency  of  the  Liver  as  an  assimilating  and  depurating  organ,  will 
be  more  appropriately  considered  elsewhere  (chaps,  vi  and  xi),  we  shall  here 
limit  ourselves  to  the  consideration  of  what  may  be  regarded  as  the  best- 
established  facts  in  regard  to  the  uses  of  the  biliary  secretion  in  the  digestive 
process. 

124.  When  Bile  is  mingled  with  fresh  or  artificial  gastric  juice,  a  pre- 
cipitate falls  which  partly  consists  of  glycocholic  acid,'  partly  of  albumen 
rendered  insoluble  by  the  taurocholic  acid,  of  mucin  and  the  coloring  mat- 
ter of  the  Bile,  and  partly  of  pepsin,  which  attaches  itself  to  the  precipitate.' 
Dr.  Daltou,^  however,  states  that  Bile  does  not  form  a  precipitate  with  gas- 
tric juice  holding  albuminose  (peptones)  in  solution.  These  fluids  are  there- 
fore not  finally  antagonistic  to  each  other  in  the  di^restive  process,  though  at 
first  they  produce  a  precipitate  on  admixture.^  When  its  action  is  tested 
out  of  the  body,  by  mingling  it  with  the  different  constituents  of  food,  it  is 
found  to  exert  a  slight  but  distinct  action  in  converting  starch  into  susar.* 
It  has  no  action  upon  cane-sugar,  until  it  has  stood  a  considerable  length  of 
time ;  but  then  it  converts  it  into  lactic  acid.  This  change  it  speedily  exerts, 
as  do  many  other  animal  substances,  upon  grape-sugar.  It  has  no  action  on 
albuminous  substances,  even  when  acidulated.  And  although  it  will  form 
an  emulsion  with  and  saponify  oleaginous  matter,  and  especially  the  fatty 
acids,  yet  the  emulsification  is  less  complete  than  that  which  is  effected  by 
the  pancreatic  fluid  alone.'  But  if  the  action  of  the  Bile  b  only  subsidiary 
to  that  of  the  Pancreatic  Juice,  it  is  certain  that  it  very  materially  aids  the 
absorption  of  oleaginous  bodies  by  enabling  them  to  pass  more  easily  thn>ugh 
the  coats  of  the  intestine,  Wistinghausen"  and  Hoffmann*  having  shown 
that  the  force  requisite  to  effect  the  filtration  of  an  oily  substance  through 
an  animal  membrane  is  much  less  when  the  membrane  is  moistened  with  an 
alkaline  fluid,  or  with  bile,  than  when  it  is  moistened  with  pure  water.  Bile 
appears  to  be  deficient  in  any  materials  corresponding  to  the  peculiar  fer- 
ments of  the  saliva,  gastric  juice,  and  pancreatic  secretion  ;  and  hence  its 
office  in  digestion  must  be  of  a  different  character  from  that  of  either  of 
those  fluids.  Bile  certainly  i)<>ssesses  an  antiseptic  power,  for  M.  Bernard 
found  that  when  two  similar  ))ieces  of  meat  had  been  immersed  for  three 
mouths,  one  in  a  bottle  of  gastric  juice  alone,  and  the  other  in  a  mixture  of 


•  See  Princ,  of  Comp.  Phyj».,4th  cnlit.,  J^  405-411.— The  simplest  condition  of  the 
Livor,  such  as  we  meet  with  in  the  higher  Radiata,  and  in  the  lower  ArticulaU  and 
MoUiiscu,  consists  in  a  series  of  follicles  lodged  in  the  walls  of  the  stopnach  and  of 
the  upper  part  of  the  inte-^tinal  tube. 

»  See  Burkhart,  in  Pflui;er's  Archiv,  1808. 
'  IIammar.<%ten,  Pfliii^er's  Archiv, ^1870,  p.  53. 
<  Human  Phv>i<»lnirv,  6th  edit.,  1871.  p.  181. 
»  See  also  Schiff,  PflViirer's  Archiv,  1870,  p.  620. 

•  V.  Gorup-Hesanez,  18G2,  p.  467.  Sec  v.  AVittich,  Pfluger's  Archiv,  1872,  Band 
vi,  p.  184. 

'  Dr.  Bence  Jones,  in  the  Medical  Times,  July  6th,  1861. 

«  Endosmoti^ch  Versuche,  Dissert,  inaug.,  Dorpat,  1761.  See  also  Dr.  ChariM 
Williams,  in  Prize  Essay  of  the  Bovlston  Med.  Soc.,  1874.  Supplement  to  Botton 
Med.  Surg.,  I,  1874. 

•  Ueber  die  Aufnahme  von  Quecksilber,  1864,  Wurzburg. 
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gastric  juice  and  bile,  a  strong  amnioniacal  odor  resulting  from  decomposi- 
tion was  emitted  from  the  former,  whilst  the  latter  was  pure  and  free  from 
any  smell  whatever.  And  it  was  remarked  by  MM.  Tiedemann  and  Gmclin 
(and  al?o  recently  by  Hoffmann),  that  when  the  bile  was  prevented  from 
passing  into  the  alimentary  canal,  the  contents  of  the  latter  were  more  fetid 
than  usual.  Moreover,  it  is  found  that  the  admixture  of  bile  with  ferment- 
ing substances  checks  the  process  of  fermentation ;  and  M.  Bernard^  has 
shown  by  ingeniously-contrived  experiments,  that  this  power  is  exerted  also 
to  some  extent  in  the  living  body.  Hence  we  can  understand  how  the  re- 
flux of  bile  into  the  stomach  should  seriously  interfere  with  the  process  of 
gastric  digestion ;  and  how,  when  there  is  a  deficient  secretion  of  bile,  or 
more  food  is  swallowed  than  the  bile  provided  for  it  can  act  upon,  or  the 
character  of  the  biliary  secretion  itself  has  undergone  any  serious  perver- 
sion, there  should  be  much  more  than  the  normal  amount  of  putrefactive 
fermentation,  as  is  indicated  by  an  evolution  of  flatus,  and  very  frequently 
by  diarrhoea.  Schiflf*  and  Budge'  have  shown  that  the  bile  produces  ener- 
setic,  and  indeed  almost  tetanic  spasms  of  the  muscles,  both  voluntary  and 
involuntary,  when  applied  either  to  the  tissue  itself  or  to  the  nerves  supply- 
ing it.  Its  importance,  therefore,  in  maintaining  the  peristaltic  action  of 
the  intestine  is  probably  considerable,  whilst  by  exciting  the  involuntary 
muscular  fibre-cells  of  the  villi  it  very  probably  materially  aids  the  move- 
ment of  the  chyle  in  the  lacteals.  Moreover,  the  presence  of  a  proper 
quantity  of  bile  m  the  intestine  seems  to  promote  the  secreting  action  of  the 
intestinal  glandulse :  this  appears  from  the  tendency  to  constipation  which 
is  usually  consequent  upon  deficiency  of  the  secretion,  and  from  the  diar- 
rhoea which  proceeds  from  its  excess;  and  is  confirmed  by  the  purgative 
properties  which  inspissated  ox-gall  has  been  found  to  possess.  Notwith- 
standing all  its  uses,  however,  it  must  be  admitted  that  the  prevention  of 
the  discharge  of  bile  into  the  alimentary  canal  is  not  attended  with  the 
deleterious  results  which  might  have  been  anticipated  from  it ;  for  it  has 
been  found  by  the  experiments  of  Schwann,  Blondlot.  and  Bernard,  that  if 
the  bile-duct  be  divided,  and  a  tube  be  inserted  in  it  in  such  a  manner  as 
to  convey  away  the  secretion  through  a  fistulous  orifice  in  the  abdominal 
parietes,  the  animals  thus  treated  may  live  for  weeks,  months,  or  even  years,* 
although  they  usually  die  at  last  with  signs  of  inanition. 

125.  The  best  evidence  that  has  hitherto  been  obtained  of  the  quantity  of 
Bile  daily  poured  into  the  alimentary  canal  of  man  has  been  afforded  by 
patients  suffering  from  fistula  of  the  cystic,  or  of  the  common  bile-duct.  In 
one  of  these  cases  which  was  under  the  observation  of  v.  Wittich*  the  quan- 
tity discharged  amounted  to  22.2  c.c.  per  hour,  or  532.8  c.c,  which  are 
equivalent  to  one  pint,  in  24  hours.  In  another  case  observed  by  Wcstpha- 
len*  a  man  weighing  about  140  lbs.  discharged  almost  exactly  the  same 
quantity  (7703  grains  =  1  lb.  703  gr.  av.,  or  about  one  pint)  with  but 
small  variation  daily  for  10  days.  Nasse  and  Plattner^  obtained  from  a  dog 
105  grains,  and  Stackmann  108  grains  per  diem  for  every  1  lb.  of  body  weight. 
Bidder  and  Schmidt,  from  experiments  on  a  dog,  estimated  the  quantity  in 

>  Ampr.  Journ.  of  Med.  Sci.,  Oct.  1851,  p.  361. 
«  Archiv  fur  Phy?.  Hellk.,  B.  ix,  p.  60. 
»  Physiol ogie,  p.  195,  1861. 

*  At*lhe  meeting  of  the  French  Academy,  June  23d,  1851,  M  Blondlot  gave  Iho 
hijtory  and  an  nccuunt  of  the  post-mortem  examination  of  a  dog  that  had  lived  five 
years  without  the  pa»pago  of  any  hile  into  the  intestinal  tube.  For  efffcts  of  Liga- 
ture of  Bile-ducts  see  Legp:,  StBarth.  llopp.  Rep.,  vol.  ix,  1873,  p.  161. 

»  Pflueer's  Archiv,  B.  vi,  1872,  p    181. 

•  Deuts.  Archiv.  f.  klin.  Med.,  1873,  B.  xi,  p.  688. 
^  B^lard'«  Physiologie,  18G2,  p.  601. 
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man  at  3^  lbs.  daily,  but  such  experiments  have  been  shown  by  the  Edin- 
burgh Committee  of  the  British  Medical  Association  to  afford  no  reliable 
data  for  comparative  estimates,  since  the  size  and  weight  of  the  animals  have 
no  relation  to  the  amount  of  bile  secreted.  In  one  instance  a  large  dog 
weighing  42  lbs.  secreted  on  an  average  only  1036  grains  daily,  while  a  d(^ 
weighing  11  ll)s.  secreted  1837  grains  daily/  Schiff'  has  shown  that  a  mach 
larger  quantity  of  bile  is  discharged  into  the  duodenum  under  normal  con- 
ditions than  can  be  collected  from  a  biliary  fistula,  the  rea^n  being  that  the 
bile  is  reabsorbed  with  great  rapidity,  and  is  again  excreted,  together  with 
fresh  bile,  by  the  liver.  This  observation  has  been  confirmed  by  Laffier,' 
under  Heideuhain's  direction,  the  evidence  relied  on  being  the  injection  of 
bile  into  the  duodenum,  when  its  quantity  was  observed  to  t>e  increased, and 
the  injection  of  colored  bile  or  rhubarb  into  the  intestine,  which  reappeared 
in  the  course  of  a  minute  in  that  flowing  from  the  canula.  Wolf*  found  that 
the  amount  of  secretion  in  dogs  was  proportional  to  the  size  of  the  liver; 
that  it  was  more  active  in  small  and  young  animals;  that  it  was  most  abundant 
on  mixed  diet  (rising  with  the  quantity  of  meat);  less  on  a  diet  of  bread  or 
rice,  and  least  on  a  diet  of  fat ;  and  that  it  was  greater  by  day  than  by  night. 
Wolf  in  Man  and  Arnold*  in  dogs  found  that  the  activity  of  the  secretion 
obtained  its  maximum  an  hour  or  two  after  food,  Voit'  two  hours  after,  Kol- 
liker  and  Miiller  between  the  6th  and  8th  hours,  Bidder  and  Schmidt^  about 
10  or  12  hours  after  a  full  menl,  and  Dr.  Austin  Flint^  from  the  2d  to  the 
8th  hour. — As  Dr.  Dalton  has  remarked,  a  distinction  should  be  drawn  be- 
tween the  time  at  which  the  largest  quantity  of  bile  is  dischai^ge<l  into  the 
intestine,  and  that  at  which  the  secretory  activity  of  the  liver  is  at  its  height. 
In  his  own  experiments  on  a  dog,  which  appear  to  have  been  conducted 
with  much  care,  a  considerable  quantity  of  bile  was  discharged  into  the  in- 
testine soon  after  feeding,  as  is  shown  in  the  following  Table  :• 


Tiino  aftor 


ImnKKliiitely. 


Quantity  of  fluid  Id  .Dry  n»»i«hu*  of  the        Quantity  of 
15  minut'-s.  suiiue.  biliary  matter. 


»>40  grains.  !    33  c^rains.  10  j^rains. 


Proportion  of  blHarr 
matter  tu  dry  rt«ida*e. 


.80 


1  hour              jlftOO  ■    *'                 I  10r>      *«                  4       "               I  .0.3 

3,  C,  9  hours      780,  750. 800  i^rs.     CO,  73,  78  s^r^      4.  3},  4}  gr^.  i  .07,  .05,  .06 

12,  ir,        «'       I  32.>,  347         '"        23,18         "        3},  4          ♦*     |  .16.22 

21,24,25"       1884,103,151"    !    11,(^,5     "        1,  3},  3     "     ;  .09,  .84,  .60 
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The  secretion  diminishes  considerably  when  foo<l  is  withheld  for  some  time; 
the  quantity  poured  out  after  ten  days'  starvation  being  only  about  one- 
eighth  of  what  it  is  when  at  its  maximum.     Still  it  is  obvious,  that  although 

1  S<*(*  Ro|i<>rt  hv  Dr.a.  Bennett,  Kuthcrf<ird,and  Gumi;ee,  in  Trans,  of  Briti»h  A«soc. 
for  the  Advancement  of  Science,  18')8  The  expert ment^i  of  this  Committee,  which 
was  appointed  for  the  purpose  of  determining:  the  action  of  Mercury,  etc.,  on  the 
Liver,  showed  conclu.«ivoly  that  in  di>^<i  with  biliary  ti>tul»  the  adminlBtrHtion  of 
mercury  dws  not  cause  any  increase  in  the  amount  oT  bile  secreted  or  di^chargiHl, 
while  if  it  causae  purcration  or  impairment  of  health,  the  quantitv  is  diminijihed. 
Neither  Podophyllin  and  Taraxacum  au<;mented  the  secretion,  l^urgation,  how- 
ever produced,  invariably  diminiahcd  the  quantity.  See  also  Brunton  on  Purgation 
In  Practitioner,  1874. 

«  rfliifi:er'i?  Archiv,  1870,  p.  6C8.      »  See  Laffler,  Inauc  Dissert.,  Breslau,  1878. 

•  Centralblatt,  18t50,  p.  8G.  •  Zur  Phys.  der  Galle,  Mannheim,  1854. 

•  Phys.  Chem    lTnter^uchunl;en,  Aui^sburi:,  1857,  p.  41. 
^  Verdauunj^ssiifte  und  Stoffwechsel,  J2  114-209. 

•  Physiiilouy  of  Man.  18tt7,  part  ii,  p.  37'). 

>  Dalton,  Phys.,  1871,  p.  178.— The  dog  in  these  experiments  weighed  86}  Iba. 
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its  rate  is  thus  greatly  influenced  by  the  stage  of  the  digestive  process  (which 
is  the  less  to  be  wondered  at,  when  it  is  remembered  that  the  secretion  is 
formed  from  blood  that  is  charged  with  newly-absorbed  and  imperfectly- 
assimilated  matters),  the  excrementitious  character  of  the  secretion  requires 
that  its  elimination  shall  be  constantly  going  on  to  a  certain  degree ;  but  a 
receptacle  is  provided  in  Man,  as  in  most  others  among  the  higher  animals 
whose  digestion  is  performed  at  intervals,  for  the  storing  up  of  the  fluid 
until  it  can  be  usefully  employed  in  that  process.  The  intestinal  orifice  of 
the  ductus  choledochus  is  closed  by  a  sort  of  sphincter;  and  the  fluid  secreted 
daring  the  intervals  of  digestion,  not  being  propelled  with  a  force  suflicient 
to  dilate  this,  flows  back  into  the  gall-bladder,  which  dilates  to  receive  it. 
The  presence  of  food,  and  especially  of  the  acid  products  of  gastric  digestion,  in 
the  duodenum  seems  to  excite  the  walls  of  the  gall-bladder  and  of  the  biliary 
ducts'  (which  contain  a  large  quantity  of  non-striated  muscular  fibre),  to  a 
contraction  sufficiently  powerful  to  propel  their  contents  into  the  intestine, 
in  spite  of  the  opposition  of  the  sphincter;  but  whether  this  takes  place 
through  a  reflex  action  of  the  nervous  system,  or  through  the  direct  stimu- 
lation of  the  muscular  coat  of  the  duct  by  the  passage  of  alimentary  matters 
over  its  orifice,  we  have  at  present  no  means  of  satisfactorily  determining. 
It  will  be  recollected  that  the  gall-bladder  is  usually  found  distended  witn 
bile,  in  cases  of  death  from  starvation  (§  79),  notwithstanding  the  diminu- 
tion in  the  amount  actually  secreted.  Of  the  bile  which  is  poured  into  the 
intestinal  tube,  by  far  the  greater  proportion  seems  to  be  reabsorbed  (§  129), 
or  at  least  to  be  so  altered  that  the  presence  of  the  biliary  acids  can  no 
longer  be  recognized. 

126.  Besides  the  biliary  and  pancreatic  secretions,  there  is  poured  into 
the  Intestinal  canal  a  fluid  secreted  in  its  own  walls,  which  has  received  the 
designation  of  Sueetts  Entcrieus.    The  secretion  of  this  fluid  is  partly  the 
function  of  the  Glands  of  Briinner, 
which  are  small  racemose  clusters  of  ^'®-  ^^• 

follicles'  (Fig.  73),  imbedded  in  the 
walls  of  the  duodenum,  extending  also 
to  the  commencement  of  the  jejunum, 
and  partly  of  the  follicles  of  Lieber- 
kuhn,  with  which  the  intestinal  canal 
is  furnished  throughout  its  entire 
length.  These  are  straight  narrow 
cseca,  standing  side  by  side,  with  a 
little  adenoid  intervening  substance 
(except  where  the  Peyerian  bodies  lie 
amongst  them),  and  corresponding  in 
length  with  the  thickness  of  the  mu- 
cous membrane.  Their  orifices  are 
seen  in  the  interspaces  between  the 

vUli,  where  they  are  so  closely  set  to-        porUons  of  one  of  BrOnDcr's  Glands,  from  the 

g^her  as  to  seem  like  the  apertures  of  Human  Duodenum. 


1  Bernard  and  Kuthe  (Canstatt's  Jahresbericht,  1861,  p.  181)  found  that  touching 
the  point  of  ontrance  of  the  biliary  duct  into  tho  intestine  with  an  alkaline  fluid  had 
little  or  DO  effect,  whilst  brushing:  it  lightly  over  with  an  acid  solution  immediately 
caofred  a  dbcbarge  of  bile  to  take  place. 

*  Fuky  Akos  and  Schlemmer  (Wien  Akad.  Sitzungsber.,  1869,  Band  Ix,  p.  81 
and  p.  169)  regard  these  glands  as  belonging  rather  to  the  tubular  thtin  to  tho  race- 
mose type,  whilst  Scbwalbe  considers  them  to  bo  intermediate  t<»  both.  See  Max 
Si'huUze*s  Archiv,  Band  viii,  p.  92.  Toldt  (Mittheil.  der  'Artz.  Vcreins  in  Wien, 
Band  i,  p.  83)  holds  them  to  be  racemose  glands. 
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a  sieve;  and  they  are  arranged  in  rings  around  the  Peyerian  glanduls. 
The  secretion  of  Briinner's  glands  cannot  be  obtained  separately  from  that 
of  the  small  intestine  generally,  but  the  glycerin  extracts  of  the  glands 
dissected  out  from  their  attachments  was  found  by  Krolow'  to  be  capable 
of  converting  starch  into  sugar  and  of  dissolving  fibrin.  The  Inie^tinal 
juice  appears,  from  the  researches  of  Bidder  and  Schmidt,'  to  be  a  colorleas 
viscid  liquid,  invariably  alkaline  in  its  reaction,  and  containing  from  3  to  3} 
per  cent,  of  solid  matter.  The  total  amount  daily  secreted  in  Man  is  esti- 
mated by  these  experimenters  at  about  7  oz. ;  the  rate  of  its  secretion  seems 
to  be  most  rapid  five  or  six  hours  afler  a  meal ;  and  its  quantity  is  consider- 
ably increase<l  shortly  ailer  the  ingestion  of  fluid,  and  this  without  any 
diminution  in  the  proportion  of  its  solid  constituents.  The  most  satisfactoir 
observations  that  have  been  made  in  regard  to  the  property  of  the  suociu 
entericus  or  secretion  of  the  Lieberkiihnian  follicles  and  columnar  epi- 
thelium covering  the  general  surface  of  the  mucous  membrane  of  the  small 
intestine  are  those  of  Busch  upon  a  patient  with  an  intestinal  fistula.  In 
this  interesting  case,  in  which  the  contents  of  the  stomach  and  duodenum 
were  completely  prevented  by  a  fistulous  opening  from  entering  the  small 
intestine,  it  was  clearly  determined  by  accurate  chemical  analysis  of  the 
faeces,  as  well  as  indicated  by  the  great  improvement  in  the  health  which 
resulted  from  introducing  food  into  the  lower  part  of  the  intestine,  that  the 
fluids  secreted  by  the  jejunum,  ileum,  and  large  intestine  were  capable  of 
dissolving  albumen  (though  with  the  evolution  of  a  putrefactive  odor,  prob- 
ably due  to  the  absence  of  the  bile),  and  of  converting  starch  into  sugar. 
There  seemed,  however,  to  be  little  or  no  emulsifying  power  exerted  on  the 
fats,  which  were  also  but  very  slightly  absorbed,  the  greater  part  reappear- 
ing in  the  fieces.  In  this  case  the  woman  lived  for  six  weeks,  previous  to 
her  coming  under  the  care  of  M.  Busch,  upon  the  absorption  which  had 
taken  place  in  the  stomach  and  duodenum.  A  great  portion  of  the  prod- 
ucts of  digestion,  which  presented  a  variable  reaction  to  test-paper,  flowed 
off  by  the  fistulous  orifice,  and  she  had  become  much  emaciated.  The  treat- 
ment adopted  was  the  reintroduction  of  this  discharged  fluid  into  the  lower 
orifice  of  the  fistulous  opening,  and  she  rapidly  regained  her  health  and 
strength.  Experiments  upon  animals  (chiefly  dogs)  have  been  much  less 
satisfactory  in  their  results.  Thiry'  isolated  a  loop  of  the  small  intestine, 
preserving  the  vascular  supply  intact,  and  established  a  fistulous  opening 
between  it  and  the  surface.  The  quantity  of  fluid  obtained  in  thia  way  from 
the  loop,  if  calculated  for  the  whole  length  of  the  intestine,  amounted  to  about 
1  lb.  in  five  hours,  and  was  of  a  clear  straw-yellow  color,  alkaline  reaction,  and 
exceedingly  constant  specific  gnivity  (l.Ollo).  It  contained  about  2.5  per 
cent,  of  solids,  less  than  one-half  of  the  amount  obtained  by  M.  Busch  from 
his  patient,  of  which  about  1.5  consisted  of  albumen  and  other  organic 
matters,  the  remainder  being  salts.  In  experimenting  on  the  physiological 
eflects  of  this  fluid  upon  the  diflerent  constituents  of  food,  little  more  than 
negative  results  were  obtained,  no  action  being  apparently  exerted  either  on 
starch,  fat,  or  albumen,  and  only  a  feeble  power  (when  alkaline)  of  dissolv- 
ing fibrin.  Paschutin,^  operating  in  a  similar  manner,  obtained  a  fluid 
which  had  little  or  no  action  on  fats,  or  on  the  various  albuminous  com- 
pounds.   The  infusion  of  the  small  intestine  converted  starch  and  cane-sugar 


>  Berlin  klin.  Wocljonschrift,  1870. 

«  Op.  cit.,  il  200-282;  and  Lehmann's  Physiologischen  Chcmie,  2d  edit.,  Bd.  ii, 
pp.  O.VOO. 
3  ISitz.  d.  k.  Akad.  zu  Wien,  Bd.  1.  «  Centralblatt,  1870,  p.  561. 
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ID  to  grape-9ugar.^  Dobroslawin,'  pursuing  Thiry's  method  in  Dogs,  found 
that  uie  fluid  secreted  possessed  a  diastatic  action  on  starch,  requiring,  how- 
ever, about  two  hours  to  operate,  and  a  slow  and  feeble  action  on  raw  fibrin, 
which  at  a  temperature  of  100°  F.  was  converted  into  peptone  in  the  course 
of  from  20  to  48  hours,  without  the  occurrence  of  any  putrefactive  odor. 
It  had  DO  action  on  oleaginous  compounds.  Schiff,'  also  operating  after 
Thiry's  method  upon  Dogs,  found  that  small  portions  of  albumen,  casein 
and  fibrin,  generally  underwent  conversion  into  peptones,  and  that  starch 
was  rapidly  converted  into  sugar.  Occasionally,  however,  perhaps  owing 
to  peculiar  states  of  the  animal's  health,  or  to  the  immediate  efiects  of  the 

ration,  these  actions  failed  to  take  place.  Quincke^  also  frequentlv 
rved  the  solvent  action  of  the  succus  eutericua  upon  fibrin  to  fail. 
Lastly,  Costa*  found  that  in  Horses  the  glycerin  extract  (v.  Wittich's 
method)  of  Brunner's  glands,  and  of  the  Lieberkiihnian .  follicles,  though 
capable  of  converting  starch  into  sugar  had  no  action  on  albumen  or  fat. 
Brucke*  remarks,  that  although  in  normal  digestion  cane-sugar  is  converted 
into  grape-sugar,  this  is  effected  not  by  any  of  the  intestinal  fluids  per  ae, 
but  by  the  acids  found  in  the  stomach. 

127.  Notwithstanding  the  negative  results  of  some  of  the  above  experi- 
ments, it  must  be  remembered  that  under  normal  conditions  the  fluid  of  the 
small  intestines  is  a  mixture  of  the  biliary  and  pancreatic  secretions  with 
the  salivary  and  gastric  fluids,  and  with  the  secretion  of  the  intestinal 
glandulse,  and  there  can  be  little  doubt  that  in  this  part  of  the  alimentary 
canal  all  the  principal  constituents  of  our  food  are  reduced  to  a  soluble 
condition.  Here  the  conversion  of  starchy  into  saccharine  matter  is  com- 
pleted, the  oleaginous  compounds  are  emulsified  and  in  part  saponified, 
and  a  powerful  solvent  agency  is  exerted  even  upon  albuminous  substances 
which  have  not  been  submitted  to  the  previous  agency  of  the  gastric  fluid 
(as  has  been  shown  by  experimentally  introducing  pieces  of  meat,  through 
a  fistulous  orifice,  directly  into  the  duodenum),  and  it  thus  completes  the 
solvent  process  which  had  been  very  far  from  perfected  in  the  stomach.^  It 
is  obvious  that  the  amount  of  each  kind  of  alimentary  substance  that  can 
be  thus  prepared  for  absorption  in  a  given  time,  will  vary  with  the  amount 
of  the  secretion  by  whose  agency  this  preparation  is  specially  effected ;  and 
as  there  are  many  indications  that  the  quantity  of  each  that  is  taken  up  in 
absorption  is  limited,  and  that  it  bears  a  relation  to  the  wants  of  the  sys- 
tem, it  is  probable  that  the  amount  of  the  solvent  or  reducing  fluid  secreted 
by  each  glandular  apparatus,  is  regulated,  as  we  have  seen  it  to  be  in  the 
case  of  the  gastric  juice  (§  110),  by  the  demand  set  up  by  the  nutrient 
operations,  rather  than  by  the  amount  of  alimentary  matter  that  is  waiting 
to  be  digested. — The  processes  of  digestion  and  conversion  are  probably 
continued  during  the  entire  transit  of  the  alimentary  matter  along  the  small 
intestine,  and  at  the  same  time  the  products  of  that  conversion  are  grad- 


*  The  infusion  of  the  small  intestine  of  the  sheep  and  calf  is  incapable  of  convert- 
in?  CAne-6Uc:Ar  into  grape-sugar. 

'  Unterpuch.  aus  d.  Instil,  fur  Physiologio  in  Graz,  1870.  Dobroslawin  obtained 
in  one  ca.«e  84  grains  of  fluid  per  hour  from  a  loop  of  intestine  about  13  inches  in 
length  ;  and  in  another  case  28  grains  of  fluid  from  a  loop  about  19  inches  in  length. 
The  rapidity  of  secretion  was  aujc^mented  by  the  pussage  of  a  current  of  electricity. 

*  Abstract  in  Henle  and  Meissner's  Bericht,  1868,  p.  168. 

*  Archiv  f.  Anat.  v.  Phvsiol,,  1868. 
»  Centralblatt,  1873,  p.  *310. 

*  Torlesungen  ab.  d.  Physiol,,  1874,  p.  832. 

'  See  the  account  of  M.  CI.  Bernard's  researches  in  the  Amer.  Journ.  of  Med. 
Sci.,  Oct.  1851.  p.  856;  Zander,  De  Succo  Enterico,  Inaug.  d'ss.,  Dorpat,  1850;  and 
Frerichs,  art.  Yerdauung,  i-n  Wagner's  Handworterbuch,  Bd.  iii. 
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ually  being  withdra^vn  by  absorbent  action ;  so  that,  by  the  time  it  reaches 
the  coK^um,  the  undigested  residue  contains  little  else  than  the  iDDutritioiu 
or  insoluble  components  of  the  food,  together  with  the  excrementitious  por- 
tion of  the  bile  and  of  other  secretions.  Up  to  this  time  the  contents  of  the 
canal  appear  generally  to  possess  an  acid  reaction  ;  for  in  the  two  patients, 
each  with  an  artificial  anus  opening  into  the  lower  part  of  the  ileum,  ex- 
amined by  Dr.  Braune^  and  Lossnitzer,'  the  chyme  was  still  acid,  though 
the  mucous  membrane  was  alkaline  to  test-paper.  In  the  csecum,  the  acid- 
ity seems  to  become  still  more  marked,  at  least  in  the  Herbivore,  owing  to 
the  formation  of  lactic  acid  from  the  starchy  materials  of  the  food ;'  but  in 
Carnivora,  according  to  Bernard,*  the  contents  of  the  cfficum  are  alkaline, 
owing  to  nitn)genous  fermentation.  That  digestion  will  still  take  place, 
though  imperfectly,  in  the  large  intestine,  is  shown  by  the  observations  of 
Steinhauser^  upon  a  woman  who  had  an  artificial  anus  communicating  with 
the  large  intestine.  When  food  was  introduced  into  the  lower  part  of  the 
bowel,  it  was  for  the  most  part  discharged  unaltered ;  but  albumen  was  to 
some  extent  dissolved.  Czerny  and  Latschenberger*  have  more  recently 
had  a  similar  opportunity  in  a  patient  who,  after  Hernia,  had  a  fistulous 
orifice  in  the  sigmoid  fiexure.  Their  experiments  led  them  to  the  conclu- 
sion that  although  the  lower  part  of  the  sigmoid  flexure  and  the  rectum  in 
Man  have  no  digestive  power  <m  albumen  or  fibrin,  and  no  power  of  emul- 
sifying fats,  yet  that  soluble  albumen  and  fat  in  the  state  of  emulsion  may 
there  undergo  absorption  in  an  unaltered  condition.  Starch  paste  was  also 
absorbed,  but  they  were  unable  to  satisfy  themselves  whether  it  was  first 
converted  into  sugar.  The  addition  of  common  salt  or  of  magnesium  sul- 
phate checked  or  altogether  prevcntetl  absorption.'  In  Eichhorst's'  experi- 
ments on  Dogs,  it  was  shown  by  the  augmentation  of  urea  in  the  urine  thai 
the  casein  of  milk,  the  white  of  egg,  gelatin,  and  the  nitrogenous  compounds 
contained  in  Liebig's  extract  of  meat,  underwent  absorption  when  intro- 
duced into  the  large  intestine.  On  the  other  hand,  blood-fibrin,  the  pep- 
tones, syntonin,  and  myosin  were  not  absorbed  to  a  sensible  extent.  Leube* 
found  in  a  patient  with  Cancer  of  the  Intestine,  that  whilst  albumen  under* 
went  no  digestive  action,  when  introduced  per  se  in  the  raw  starch,  a  mix- 
ture of  finely-minced  meat  and  pancreas  acquired  the  smell,  consistence,  and 
appearance  of  ordinary  fieces  after  it  had  been  retained  in  the  bowel  for 
about  twenty-four  hours,  and  in  a  later  comraunication,*^  he  recommends  the 
employment  of  the  glycerin  extract  of  the  pancreas,  especially  during  the 
summer  months,  when  the  juice  of  the  gland  soon  loses  its  digestive  proper- 
ties by  putrefaction.     The  fact  that  absorption  will  take  place  is  of  impor- 

»  Archiv.  G^n.  do  M^decino,  1801,  p.  610. 

'  In  Lo<i'«nitzor*s  case  (Ilonlo's  Btrriclit,  1804,  p.  2.>0),  the  opening;  was  twcWe 
inchus  tihovo  the  iloo-cwcHl  vulve.  Aftor  n  meiil  of  milk,  bread,  meal-bruth,  and  a 
little  meat,  the  chyme  was  troubh>d,  flocciilcnt,  hrii^ht-yellow,  more  or  less  strongly 
flcUl,  fimniini;,  smelt  of  vohitile  fatty  acids,  and  on  standing  quickly  developed  gas- 
hubbloA.     The  fluid  contained  biliary  av'uU  and  peptone,  but  no  parapeptune  or  sugar. 

»  Blondlut,  Traits  de  la  Digestion,  p.  103. 

•  Liquids  of  the  Organism,  p.  80,  ISoO. 

»  Sec  Milne-Edward*,  vol.  vii,  p.  130,  1802. 

•  Virchow's  Archiv,  Bd.  lix,  1874,  p.  102. 

^  In  Voit  and  Bauer's  Experiments  on  a  dog  (Zeitfichrift  f.  Biologie,  Band  v, 
18Gf*,  p.  530),  white  of  egg  underwent  little  or  no  absorption  unless  a  little  common 
salt  were  added;  bUK)d-seruni,  6ynt(»nin,  and  pent<ine  were  taken  up  in  latter  but 
still  small  quantities.  The  amount  of  oil  absorbed  was  also  small,  and  life,  they  ob- 
serve, could  not  be  persistentlv  maintained  by  injections. 

■  Pfliigor's  Archiv,  1871,  p'  670. 

•  SitzungslH»richt  d.  Phvs.-Mcd.  Soc.  zu  Erlangen,  6th  Dec.  1871. 
w  Centralblatt,  1872,  p.  465. 
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tance,  as  showing  the  mode,  in  which  injections  of  nutrient  substances  per 
anum  act  in  prolonging  life  in  cases  where  the  passage  of  food  along  the 
upper  part  of  the  intestinal  tube  is  interrupted. 

128.  The  undigested  residue  of  the  food,  mingled  with  the  products  of 
secretion  that  have  been  poured  into  the  alimentary  canal,  gradually  ac- 
quires, in  the  large  intestine,  the  ordinary  consistency  of  Fasces,  through 
the  continuance  of  the  absorbent  process,  whereby  the  superfluous  fluid  is 
removed.  The  condition  of  this  residue  has  been  particularly  studied  by 
Dr.  Rawitz  and  Dr.  Marcet.*  By  the  former  observer,  muscular  fibres  are 
stated  to  be  almost  entirely  dissolved,  especially  in  the  flesh  of  fish  and 
hares,  though  less  rapidly  in  that  of  poultry  and  other  animals,  only  a 
few  fragments  remaining.  Dr.  Marcet,  however,  found  muscular  fibres,  ex- 
hibiting clearly  their  well-marked  structure,  almost  constantly  present  and 
in  considerable  quantities ;  and  he  is  inclined  to  believe  that  when  meat  is 
daily  taken,  only  the  juices  are  extracted,  the  fibres  themselves  undergoing 
but  little  digestive  action.  The  cells  of  cartilage  and  fibro-cartilage,  the 
fibres  of  elastic  tissue,'  and  fatty  matter  if  taken  in  excess,  are  frequently 
found  unchanged  in  the  faeces ;  and  crystals  of  cholesterin  may  usually  be 
obtained,  especially  after  the  use  of  pork  fat. — "  As  regards  vegetable  sub- 
stances. Dr.  Bawitz  states  that  he  frequently  found  large  quantities  of  cell- 
membranes  unchanged  in  the  fseces ;  also  starch-cells  (which  were  rarely 
seen  by  Dr.  Marcet),  deprived  of  only  part  of  their  contents.  The  green 
coloring  principle,  chlorophyll,  was  usually  unchanged.  The  walls  of  the 
mp  vessels  and  spiral  vessels  were  quite  unaltered  by  the  digestive  fluid,  and 
were  usually  found  in  large  quantities  in  the  fieces ;  their  contents,  probably, 
were  removed.*'* — Besides  the  undigested  residue  of  the  food,  the  microscope 
enables  us  to  recognize  the  brown  coloring  matter  of  the  bile,  epithelium- 
cells  and  mucus-corpuscles,  and  various  saline  particles,  especially  those  of 
the  ammoniaco-magnesian  phosphate,^  whose  crystals  arc  well  defined ;  most 
of  which  are  derived  from  the  secretions. — The  quantity  of  fecal  discharge 
which  is  daily  passed  by  an  adult  seems  to  vary  from  2  to  10  oz.  Dr.  Ed- 
ward Smith  found  the  average  weight  in  prisoners  at  the  Coldbath  Fields 
Prison  to  be  8.55  oz.  These  men  were  fed  upon  a  full  dietary  with  brown 
bread,  and  the  proportion  of  the  fteces  to  the  solid  foo<i  was  as  1 : 4.5.  Se- 
vere labor  on  the  treadmill  was  found  to  diminish  the  quantity  of  fajces, 
whilst  the  rest  of  Sunday  occasioned  a  considerable  increase.  The  propor- 
tion of  water  was  very  uniform,  viz.,  73.5  per  cent.;  and  an  average  of  41.8 
grains  of  nitrogen  was  daily  eliminated  from  the  system  by  this  channel.* 
The  absolute  quantity  of  solid  matter  discharged  in  the  faeces  in  the  twenty- 

>  Med.  Times  and  Gaz.,  July  31st,  1858. 

*  It  has  been  pointed  out  to  the  Author  by  his  friond  Mr.  Qnekctt,  that  elastic 
fibres  are  occasionHlly  to  be  met  with  in  the  Human  fsDces,  which  present  an  appear- 
ance of  transverse  division  (probably  resulting  from  incipient  decomposition)  closely 
revembling  that  which  is  normal  in  the  ligamentum  nuchuB  of  the  GiKaffe.  So  dis- 
tinct, ind^,  does  the  transverse  divi^on  then  become,  that  these  fibres,  when  pecu- 
liarly abundant  (as  they  are  in  the  fieces  of  persons  who  have  for  some  time  been 
living  upon  mutton-chops,  and  have  not  put  aside  the  se<:^mcnt  of  the  aorta  which 
Mch  chop  includes),  have  actually  been  mistaken  for  a  confervoid  growth  in  the  faeces. 

*  Quoted  from  Dr.  Kirkes's  Physiology.  See  also  the  Memoir  of  Dr.  Rawitz,  Ueber 
die  Einfachen  Nahrung^mittel,  Breslau,  1846;  and  the  Analysis  of  Wehsarg  and 
Ibring's  Inaugural  Theses  in  Brit,  and  For.  Med.-Chir.  Kev  ,  vol.  xiv,  p.  628. 

*  Crystals  of  this  salt  sometimes  occur  in  perfectly  normal  faeces  ;  and  in  those  cases 
in  which  the  secreted  fluids  and  the  contents  of  the  intestine  readily  undergo  decom- 
position, as  in  typhus,  cholera,  and  certain  forms  of  dysentery,  they  are  found  in 
Urge  numbers  and  of  considerable  size. 

*  Smith  and  Miiner,  Rep.  on  the  Influence  of  Pris.  Discip.,  Syd.  Soc.  Year- Book, 
1861,  p.  83. 
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four  hours  is  about  460  grains,  of  which  only  10  per  cent,  consists  of  undi- 
gested matter.  Of  the  dry  faeces,  from  23  to  31.5  per  cent,  (the  proportion 
being  highest  when  an  abundant  meat  diet  has  been  consumed)  consists  of 
an  inorganic  ash ;  the  composition  of  which  is  stated  by  Enderlin^  to  be  is 
follows: 

Alkaline  chlorides  and  sulphates,   .        .         .       1.867 1  q^i„ki- :.•  «-•-.- 
Bibasic  phosphate  of  soda,^     .         .         .         .       2.633  [  ^^«^"^^*  '"  ^•^^^ 

Phosphates  of  lime  and  magjiesia^    .         .         .  80.872  1 

Phosphate  of  iron ^.MOlj      jy^.^ 

Sulphate  of  lime, 4  &80  | 

Silica, 7.940j 

The  potash  generally  predominates  greatly  over  the  soda,  but  especially 
when  the  diet  has  chiefly  consisted  of  muscular  flesh.  The  reaction  of  the 
Fieces  is  usually  acid,  but  sometimes  neutral  or  alkaline.  The  study  of  the 
composition  of  the  Organic  portion  of  the  Faeces  is  attended  with  so  mudi 
difficulty  and  unpleasantness,  that  it  has  hitherto  been  scarcely  prosecuted 
systematically.  According  to  the  inquiries  of  Dr.  Marcet,'  healthy  Human 
excrements  contain, — 1.  A  ]>ecu liar  substance  crystallizing  in  acicular,  silky, 
four-sided  prisms  usually  grouped  into  stellse,  not  subject  to  spontaneous 
decomposition,  possessing  feeble  afliuitics,  fusing  at  about  203°  F.,  contain- 
ing Sulphur,  and  having  a  composition  expressed  by  the  formula  C„HJS.O,; 
this  he  proposes  to  call  Kxcretin.  In  infants  cholesterin  may  take  the  place 
of  excretin  in  the  Fc'cces.'  2.  Stearic  and  Margaric  Acids  in  corabination 
with  bases.  3.  A  coloring  matter  similar  to  that  of  blood  and  urine.  -1. 
Puncrcatin  or  an  analogous  form  of  albumen.  And  5.  An  acid  olive-colored 
substance  of  a  fatty  nature,  termed  Excretolic  acid,  which  is  probably  united 
in  fieces  with  Excretin  or  a  basic  substance  closely  allied  to  it.  Neither 
butyric  nor  lactic  acid  can  be  discovered  in  healthy  Human  excrement; 
although  the  former  presents  itself  in  the  excrements  of  Carnivorous  Mam- 
malia, which  contain  also  a  substance  allied  in  its  nature  to  excretin,  but 
not  identical  with  it.  Dr.  Austin  Flint*  has  obtained  a  substance  he  terms 
Stercorin  (§  o6),  which  results  from  the  decomposition  of  Cholesterin,  and 
Vanlair  and  Masius^  have  isolated  a  coloring  matter  which  they  have  named 
Stercobilin.* 

129.  Of  the  degree  in  which  the  Bile,  as  a  whole,  normally  enters  into 
the  composition  of  the  fivces,  it  is  difficult  to  speak  with  precision.  Its  prin- 
cipal constituents  can  be  easily  recognized  in  the  upper  part  of  the  small 
intestine ;  but  the  further  we  descend  in  the  intestinal  canal,  the  less  of  them 
do  we  meet  with  ;  and  in  the  contents  of  the  large  intestine,  and  in  the 
evacuated  fieces,  they  are  only  to  be  discovered  in  small  quantity.  How  far 
this  result  depends  upon  their  removal  from  the  alimentary  canal  by  reab- 
sorption,  and  how  far  upon  the  loss  of  their  characteristic  properties  by  de- 
composition, cannot  be  stated  with  certainty.  According  to  Bischoff,  Jr., 
in  the  human  subject  about  45  grains  of  the  biliary  acids  are  daily  dis- 
charged by  the  fieces,  whilst,  according  to  Voit's  estimate,  about  170  grains 
are  secreted  by  the  liver,  consequently  about  125  grains  must  be  either  re- 
absorbed or  destroyed  in  their  course  through  the  intestinal  tube.  Prom  the 
exiKjrinients  of  Hoppe-Scyler,  it  would  appear  that  in  dogs,  whose  bile  chiefly 

>  Ann.  dcr  Chcm.  und  Pharm.,  1844.  Porter  in  do.,  t.  Ixxi,  and  Fleiscbmann  in 
Po£:cfondorft''8  Annalcn,  1849. 

•  Proceedings  of  the  Koyal  Society,  June  15th,  1854,  and  March  I2th,  1857. 

•  Marcct,  Journ.  of  Chem.  Soc,  1862. 

<  Phy.<iol.«Ky  of  Man,  part  ii,  1807,  p.  309.  *  Centralblatt,  1871,  p.  869. 

'  Jaffo,  however  (Centralbhitt,  1871,  p.  465),  regardd  it  as  identical  with  hi«  urobilin. 
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contains  tauiDchoIic  acid,  this  acid  undergoes  changes  in  passing  through 
the  alimentary  canal  which  are  identical  with  those  produced  by  boiling 
with  acids,  or  with  alkalies,  or  which  occur  in  the  act  of  putrefaction,  cho- 
lalic  acid,  dyslysin,  and  choloidinic  acid  being  produced.  On  the  other 
hand,  in  the  fseces  of  those  animals  that,  like  oxen,  secrete  bile  of  which 
glycocholic  acid  is  the  chief  constituent,  this  acid,  being  comparatively  stable 
and  scarcely  destroyed  even  by  putrefaction,  may  be  found  in  considerable 
quantity.  That  the  coloring  matter  of  the  fseces  is  in  great  part  derived 
from  the  bile,  is  shown  by  their  paleness  when  that  secretion  is  not  duly 
poured  into  the  intestinal  tube.  And  it  is  probable  that  the  peculiar  fatt^ 
substances  usually  present,  are  products  of  the  metamorphosis  of  its  oleagi- 
nous and  resinous  matters.  The  similarity  which  has  been  found  to.  exist 
between  the  odor  of  certain  components  of  putrefying  bile,  and  that  of  fseces, 
has  led  Prof.  Valentin  to  suppose  that  the  matter  which  gives  to  the  latter 
their  characteristic  smell,  is  entirely  derived  from  decomposing  bile.  We 
shall  presently  see,  however,  that  other  sources  of  this  matter  probably  exist 
(§  131) ;  and  the  recent  researches  of  Bidder  and  Schmidt  upon  the  amount 
of  mlphur  in  the  fseces,  appear  to  show  that  not  above  one-eighth  of  the 
solid  matter  of  the  bile  is  normally  excreted  under  this  form.  The  indica- 
tions of  the  presence  of  bile  are  especially  distinct  when  the  fseces  have 
remained  for  only  a  short  time  in  the  large  intestine,  and  when  there  has 
consequently  been  less  time  for  its  reabsorptiou. 

130.  Planer^  examined  the  Gases  developed  in  the  alimentary  canal  of 
Dogs  after  different  kinds  of  food,  and  in  Man  after  death.  The  gas  con- 
tained in  the  stomach  consisted  chiefly  of  air  swallowed  with  the  food,  and 
was  usually  small  in  quantity.  The  Oxygen  soon  disappeared.  In  the 
small  intestines,  Carbonic  Acid  and  Hydrogen  are  developed  in  nearly  equal 

froportion,  whether  the  diet  be  Animal  or  vegetable.  The  experiments  of 
^asteur*  afford  some  explanation  of  their  appearance,  at  least  in  Herbivora, 
by  showing  that  with  the  development  of  numerous  infusory  animalculse  in 
the  intestines,  starch  and  sugar  are  converted  into  lactic  and  butyric  acids, 
and  that  with  the  development  of  the  latter  there  is  an  evolution  of  Car- 
bonic Acid  and  Hydrogen  :  thus,  one  equivalent  of  Sugar  Ci^^^fi^^=^  (Cq 
HyO,)  HO  -f  4C0j  +  H^.  In  the  large  intestine,  Carbonic  Acid  is  chiefly 
prezient,  but  is  mingled  with  Sulphuretted  Hydrogen  (after  Animal  diet), 
and  if  the  fowl  have  been  long  retained  in  the  body,  with  Carburetted 
Hydrogen  (C,H^).  It  is  more  than  doubtful  whether  gases  can  be  dis- 
engaged from  the  blood,  and  excreted  or  secreted  iijto  the  intestines,  as 
Hagendie  supposed ;  but  there  seems  no  reason  to  doubt  that  if  gas  were 
already  developed,  exchange,  according  to  the  ordinary  laws  of  diffusion, 
might  take  place  between  it  and  the  gases  of  the  blood.  In  a  dog  which 
had  been  fed  for  6  days  on  pure  animal  diet,  and  was  killed  5  hours  after  a 
meal,  he  found — 

CO,.         O.         N.         H.         SH. 
In  the  Stomach,       .        .         .     2").20        6  12      68  68 
Small  Intestine,        .  .     40.1        Traces     45.62       13.86 

Largo  Intestine,       .  .     74.19        0.63      23  1.41        0.77 

In  another  dog  fed  with  bread  for  8  days,  there  was  only  suflScient  gas  for 
analysis  in  the  small  intestine ;  it  consisted  of — 

CO,.  O.  N.  H. 

38.78        Traces        54  2  6.33 

»  Henle  and  Meissner's  Bericht  fUr  1860,  p.  274. 

*  Annales  de  Ch*^mie,  1858,  p.  404  et  suq. ;  Comptes  Kendus  de  I'Academie  des 
Scienc-cs,  1860.  p.  849.  Sec  also,  for  Analysis  of  the  Gases  of  the  Intestines  in  Dogs 
and  RabbiU,  K.  B.  Uofmann,  Wiener  Med.  Wochens.,  1872,  p.  24. 
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Kiige^  has  carefully  examined  the  Gases  of  the  large  intestine  in  the 
Human  subject  after  different  kinds  of  food,  and  finds  their  composition 
tolerably  constant, — Nitrogen  Gas  preponderating  after  the  use  of- flesh, 
Hydrogen  after  milk,  and  Carburetted  Hydrogen  after  V^etable  (Legu- 
minous) diet.  Though  the  gases  were  sometimes  offensive,  they  never  gave 
more  than  a  trace  of  Sulphuretted  Hydrogen.  The  following  table  includes 
hb  chief  results : 

Composition  of  the  Oases  of  the  Large  Intestine  after  the  use 


or  Milk,  for 

Of  Vegetables  (Leguminous),  for 

OfAnimAlDiet,br           { 

i     « 
hours. 

1 

72 

hours. 

2 

4S 
hours. 

72 
hours. 

96 
hours. 

Second  series  of 

experiments 
on  same  person. 

24hoara. 

48  hoon. 

72  hoon. 

COj  16.82 

N     ,38.88 

1  CH     0.02 

H      43  88 

9.06 
86.71 

0  00 
54.22 

84  00 

19.11 

44.55 

2  34 

88  40 

10.67 

49  86 

1.67 

21.05 

18.06 

55.06 

4.08 

35.48         17.6 

21.78  82.2 

42.79  51K2 
0.00          0.0 

18.62 

45  96 

87.41 

8.01 

12.46 

67.85 

27.68 

2.09 

8.46 
64.41 
26.45 

0.69 

131.  Although  it  cannot  be  stated  with  certainty  what  is  the  precise  por- 
tion of  the  Glandular  apparatus  connected  with  the  Intestinal  canal,  which 
is  concerned  in  the  elimination  of  that  peculiarly  putrescent  matter,  which 
gives  to  the  faeces  their  characteristic  odor,  yet  it  may  be  stated,  almost  with 
certainty,  that  this  matter  is  not  derived  from  the  decomposition  of  the  un- 
digested residue  of  the  food.  For,  in  the  first  place,  this  residue  consists  of 
matters  whose  ver}'  inaptitude  for  undergoing  chemical  change  is  the  source  of 
their  indigcstibility ;  and  it  is  scarcely  possible,  therefore,  to  imagine  that  in 
so  short  a  period  they  should  acquire  a  character  so  peculiarly  offensive.  Bat, 
further,  we  observe  that  fecal  matter  is  still  discharged,  even  in  considerable 
quantities,  long  after  the  intestinal  tube  has  been  completely  emptied  of  its 
alimentary  contents.  We  see  this  in  the  course  of  many  diseases,  when  food 
is  not  taken  for  several  days,  during  which  time  the  bowels  have  been  com- 
pletely emptied  of  their  previous  contents  by  repeated  evacuations.  Some- 
times a  copious  flux  of  putrescent  matter  continues  to  take  place  sponta- 
neously ;  whilst  it  is  often  produced  by  the  agency  of  purgative  medicine. 
"  The  colliquative  diarrhcea,"  which  frequently  comes  on  at  the  close  of  ex- 
hausting diseases,  and  which  usually  precedes  death  by  starvation,  appeals 
to  depend,  not  so  much  upon  a  disordered  state  of  the  secreting  organs  them- 
selves, as  upon  the  general  disintegration  of  the  solids  of  the  body,  which 
calls  them  into  extraordinary  activity  for  the  purpose  of  separating  the  de- 
composing matter  which  has  accumulated  in  it  to  a  most  unusual  amount — 
These  views  (which  have  long  been  taught  by  the  Author)  derive  a  remark- 
able confirmation  from  the  experiments  of  Prof.  Liebig  on  the  production  of 
artificial  fecal  matter.  For  he  has  ascertained  that  if  albuminous  or  gelat- 
inous compounds  be  heated  with  solid  hydrate  of  potash,  and  the  heat  be 
continued  until  the  greater  part  or  the  whole  of  the  nitrogen  has  been  diasi- 
pated  as  ammonia,  and  hydrogen  begins  to  be  given  off,  the  residue,  when 
supersaturated  with  dilute  sulphuric  acid,  and  distilled,  yields  a  liquid  con- 
taining acetic  and  butyric  acids,  and  possessing  in  a  very  intense  degree  the 
peculiar  and  characteristic  odor  of  human  faeces.     The  odor  varies  accord- 


^  Beitra^(^  zur  Konntniss  dcr  Darm-Gasc,  Sitzungsbericht  d.  k.  Akad.  d.  WiiMD- 
schaften  (Wien),  1862,  p.  729. 
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iiig  to  the  substance  employed;  and  in  this  way  all  varieties  of  fecal  smell 
may  be  obtained.  As  the  action  of  caustic  potash  at  a  high  temperature  is 
simply  a  limited  or  incomplete  oxidation  or  combustion,  this  curious  result 
confirms  the  view  which  had  been  previously  put  forth  by  Prof.  Liebig,  that 
the  proper  fecal  matter  is  the  product  of  the  imperfect  oxidation  which  a 
portion  of  the  histogenetic  constituents  of  the  food  undergo  in  the  course  of 
their  retrograde  metamorphosis,  being  comparable  to  the  soot  or  lampblack 
of  a  furnace  or  lamp.— *lt  is  further  urged  by  him,  that  the  condition  of 
fseces  differs  in  many  particulars  from  that  of  substances  in  a  state  of  fer- 
mentation or  putrefaction ;  that  their  peculiar  odor  is  entirely  unlike  any 
that  is  generated  by  the  ordinary  decomposition  of  organic  compounds, 
whether  azotized  or  non-atonized ;  and  that,  by  contact  with  air,  they  them- 
selves undergo  a  sort  of  fermentation  or  putrefaction,  in  which  their  peculiar 
fetor  disappears, — a  fact,  as  he  justly  remarks,  which  is  full  of  significance.* 
This  view  is  of  great  practical  importance ;  for  if  it  be  true  that  the  intesti- 
nal canal  receives  and  discharges  the  products  of  the  secreting  action  of  a 
glandular  apparatus,  whose  special  function  is  the  elimination  of  certain 
products  of  decomposition  from  the  blood,  the  facility  with  which  we  can 
stimulate  this  to  increased  action  by  certain  kinds  of  purgative  medicine, 
gives  us  a  most  valuable  means  of  augmenting  its  depurative  action.  See- 
ingy  as  no  observant  Medical  Practitioner  can  avoid  doing,  how  frequently 
Nature  herself  employs  this  means  of  eliminating  morbific  matter  from  the 
system, — as  is  shown  by  the  immense  relief  often  given  by  an  attack  of  diar- 
rhoea,— we  may  look  upon  this  apparatus  as  one  which,  like  the  Liver,  the 
Kidney,  or  the  Skin,  may  frequently,  with  propriety,  be  stimulated  by  medi- 
cines that  have  a  special  action  upon  it,  and  one  through  which  some  mor- 
bific matters  may  be  got  rid  of  more  certainly  and  more  speedily  than  through 
any  other  channel. — It  is  not  intended  by  these  observations  to  encourage 
the  system  of  violent  and  indiscriminate  jnirgation  ;  but  to  show  that  purga- 
tives, judiciously  administered,  often  constitute  our  best  means  of  eliminating 
injurious  matters  from  the  system. 

132.  If  we  now  cast  a  retrospective  glance  at  the  changes  undergone  by 
the  several  groups  of  substances  employed  as  food  in  their  passage  tlirougli 
the  alimentary  canal,  we  shall  find  that, — 1.  The  oleaginous  compounds  are 
melted  and  finely  divided  in  the  stomach,  and  may,  under  certain  conditions, 
undergo  decomposition  indicated  by  acicl  eructations,  etc.  On  entering  the 
small  intestine  they  are  emulsified,  and  in  small  part  also  decomposed  by  the 
action  of  the  pancreatic  juice  and  bile,  and  are  gradually  almost  entirely 
absorbed  before  reaching  the  large  intestine.  2.  The  starchy  compounds  are 
converted  into  dextrin  and  sugar,  first  by  the  saliva,  secondly  by  the  i)an- 
creatic  juice,  and  thirdly  by  the  succus  entericus.  They  in  part  undergo 
lactic  acid  fermentation  from  the  mere  heat  and  moisture  of  the  stomach 
and  intestines,  and  this  again  is  capable  of  effecting  the  conversion  of  other 
portions  of  the  starch  into  dextrin  and  sugar.  Ample  provision  thus  exists 
for  the  digestion  of  starchy  substances,  and  they  may  hence  be  consumed 
without  harm  under  circumstances  in  which  the  digestion  of  albuminous 
compounds  or  of  fats  can  only  be  accomplished  with  difficulty,  if  at  all.  By 
far  the  larger  portion  of  the  starch  thus  converted  into  sugar,  and  almost  all 
the  purely  saccharine  compounds  are  dissolved  and  absorbed  in  the  i*mall 
intesitine.  A  considerable  quantity  of  starch  , however,  if  this  be  eaten  raw 
as  in  the  form  of  unri})e  apples  or  other  veg«Uables,  passes  off  by  the  bowels 
unaltered  ;  and  this  is  the  case  even  in  the  Herbivora,  which  have  very  long 


*  See  Prof.  Liebig'ii  Animal  Chemistry,  3d  edit.,  pp.  1 18-154. 
18 


186  OF    ABSORPTION    AND   SANOniFICATIOK. 

and  capacious  alimentary  tracts.  Bischoff,  Meyer,  and  Voit'  have  shown 
that  a  bread  diet  given  to  dogs  causes  a  great  increase  in  the  amount  of 
fseces ;  and  Brucke'  points  out  that  the  remarkably  different  effects  observed 
by  different  persons  who  have  submitted  themselves  to  the  so-called  BantiDg'a 
cure — some  of  whom  complain  of  constipation,  while  others  sufier  from  diar- 
rhcea — is  referable  to  the  fact  that  whilst  an  exclusive  meat  diet  is  apt  to 
cause  diarrhoea,  it  always  causes  great  diminution  in  the  amount  of  races 
excreted  ;  readily  giving  rise  to  the  idea  that  constipation  is  present.  3.  The 
albuminovs  compoxmds  are  in  part  absorbed  directly  into  the  blood,  but  for 
the  most  part  undergo  conversion  into  ])eptone  in  the  stomach  by  the  gastric 
juice,  and  this  change  is  continued  in  the  small  intestines  by  the  action  of 
the  pancreatic  fluid  and  succus  entericus ;  so  that  in  the  case  of  muscle  but 
few  and  small  remains  enter  the  large  intestine.  The  gelatin-yielding  tis- 
sues, especially  when  they  have  been  previously  cooked,  appear  to  be  readily 
dissolved  and  absorbed ;  as  are  also  such  substances  as  brain,  and  the  tissue 
of  glands  generally  (liver,  pancreas,  thymus,  and  kidney).  Such  portions 
as  escape  the  action  of  the  above-mentioned  fluids,  and  reach  the  large  intes- 
tine, are  subject  to  a  kind  of  secondary  digestion,  effected,  as  Bloudlot  sup- 
poses, by  the  lactic  and  other  acids  that  are  there  developed ;  so  that  but 
small  quantities  are  discharged  with  the  fscccs.  Lastly,  mineral  compounds^ 
and  the  various  fermented  beverages,  are  hut  little  altered  in  their  passage 
through  the  alimentary  canal,  being  directly  taken  up  by  the  blooavessds 
and  lymphatics. 


CHAPTER   VI. 

OF     ABSORPTION     AND     SANGUIFICATION. 

1.   Of  Absorption  from  the  Digestive  Ckxvity. 

133.  So  long  as  the  Alimentary  matter  remains  in  the  Digestive  cavity, 
however  perfect  may  be  its  state  of  prepamtion,  it  is  as  far  from  beinz  con- 
ducive to  the  nutrition  of  the  system,  as  if  it  were  in  contact  with  the  ex- 
ternal surface.  It  is  only  when  al)sorbcd  into  the  vessels,  and  carried  by 
the  circulating  current  through  the  very  substance  of  the  body,  that  it  be- 
comes capable  of  being  appropriated  by  its  various  tissues  and  organs.  lu 
Man,  as  in  nearly  all  V^'ertebrated  animals,  a  set  of  vessels  is  interposed  be- . 
twcen  the  walls  of  the  intestine  and  the  sanguiferous  system,  for  the  pu^ 
pose,  as  it  would  seem,  of  taking  up  certain  components  of  the  nutritive 
matter,  of  which  part  at  least  are  not  in  a  state  of  perfect  solution,  and  of 
preparing  them  for  being  introduced  into  the  current  of  the  blood.  These  arc 
the  Abttorbent^i  of  the  intestinal  walls ;  of  which  those  that  are  found,  after 
the  periornmnce  of  the  digestive  process,  to  contain  the  white  opalescent 
fluid  kuuwn  as  "  chyle,"  are  distinguished  as  ladeals;  while  the  remainder, 
like  the  absorbents  of  the  system  generally,  arc  known  as  lymphaiica.  The  dis- 
tinction is  a  purely  artificial  one  for  the  *'lactcals"  and  the  "lymphatics'' 
of  those  parts  of  the  intestinal  walls  which  they  supply,  as  is  shown  by  the 
fact  that,  during  the  intervalr^  of  the  digestive  process,  they  contain  a  trans- 
parent fluid  in  all  respects  similar  to  the  "lympii"  of  other  parts. — The  ab- 

*  Zcitochrift  fiir  Biologit*,  Band  v,  vi,  vii,  viii,  18G9-78. 
>  VorlcsuDgen,  1874,  p.  836. 
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sorbents  form  a  minute  plexus  beneath  the  mucous  lining  of  the  alimentary 
canal  along  its  whole  extent;  but  in  the  small  intestine  they  enter  the  villi, 
at  the  extremities  of  which,  indeed,  they  may  be  said  to  commence.  Those 
only  are  entitled  to  the  designation  of  "  lacteals,"  which  originate  from  the 
intestinal  canal  below  the  point  at  which  the  biliary  and  pancreatic  ducts 
pour  their  contents  into  it ;  for  above  that  point,  the  fatty  constituents  of 
the  alimentary  matter  are  not  in  a  state  of  sufficiently  fine  division  to  enter 
them ;  and  the  absorbed  fluid  is  consequently  pellucid,  instead  of  possessing 
the  milky  aspect.  Thus,  then,  we  are  to  consider  the  lacteal  portion  of  the 
Abeorbent  system  to  be  that  part  of  it  which  is  specially  adapted,  by  its  pro- 
longation into  the  villi,  for  the  reception  of  an  Oleaginous  fluid,  which  we 
shall  presently  see  to  be  taken  up  from  the  contents  of  the  alimentary  canal, 
and  to  be  prepared  for  entrance  into  the  absorbents,  by  the  epithelium-cells 
at  the  radidEil  extremities  of  those  organs  (§  134). 

134.  The  Villi  are  extensions  of  the  mucous  lining  of  the  Intestinal  canal, 
which  thickly  beset  its  surface  from  the  pyloric  orifice  to  the  caecum,  that  is, 
through  the  entire  length  of  the  Small  In- 
testine, to  which  they  are  limited  in  Man. 
They  have  usually  somewhat  the  form  of 
the  finger  of  a  glove,  being  sometimes 
nearly  cylindrical,  sometimes  rather  con- 
ical, whilst  they  not  unfrequently  become 
flattened  and  extended  at  the  base,  so  that 
two  or  more  coalesce.  Their  length  varies 
from  :|^th  to  Jd  of  a  line,  or  even  more ; 
and  the  broad  flattened  kinds  are  about 
}th  to  ^th  of  a  line  in  breadth. — In  the 
upper  part  of  the  small  intestine,  where 
they  are  most  numerous,  it  has  been  cal- 
culated by  Krause  that  there  are  not  less 
than  fn>m  50  to  90  in  a  square  line ;  and 
in  the  lower  part,  from  40  to  70  in  the 
same  area. — The  details  of  their  structure 
are  of  extreme  interest  in  reference  to  the 
mechanism  of  absorption.  If  the  plan 
pursued  by  Teichmann,  that  of  injection, 
DC  adopted,  the  appearances  presented  are 
thoee  shown  in  Figs.  75  and  76,  taken 
from  the  beautiful  plates  which  accom- 
pany his  work  on  the  Lymphatic  System.^ 
From  these  it  appears  that  the  lacteals 
commence  either  by  a  simple  closed  ex- 
tremity, or  by  a  loop,  though  in  broad  villi 
a  network  is  sometimes  visible.  The  tube 
or  tubes  occupying  the  centre  of  the  villus 
appear  to  possess  perfectly  definite  walls,  and  are  larger  than  the  numerous 
capillary  bloodvessels  which  surround  and  are  external  to  them.  Their 
average  diameter  is  about  ^oo^^  or  toVo^^  of  an  inch  ;  but  they  present 
here  and  there  slight  dilatations  and  contractions,  and  at  the  base  of  the 
villus  terminate  in  a  network  of  lacteal  vessels  immediately  subjacent  to 
the  Lieberkuhnian  fc»ilicles  (Fig.  76,  b),  termed  by  Teichmann,  from  the 
closeness  of  the  meshes,  tlie  Jiete  angustum.  This  plexus  communicates 
with  another  possessing  larger  vessels,  which  are  supplied  with  valves,  are 


Section  of  a  Villus  from  the  intesitine  of 
a  ralibit:  above  (a)  is  the  central  canal, 
bound i-d  on  cither  side  by  the  matrix  '6\ 
which  again  is  covered  by  long  columnar 
cells  (c),  containing  a  nucleus  and  granules. 
The  outer  border  of  these  cells  is  seen  to  be 
striated. 


*  Ludwig  Teichmann,  Das  Siuigoder  iSystcm,  Leipzig,  1861. 
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move  dei?ply  situated  in  the  stil*muco«s  areolar  tigeue  (Fig.  7(>,  e),  mid 
sliLUte  the  fo«calle<J  Mete  onrp/uttK     Besides*  theee  plexuses,  A ucrbacbM 
incire  recently  adled  attention  to  other  plexuses  of  lymphntic^,  situated  m  ] 
and  between  the  niUMeular  coat^  of  the  intestines.     In  the  longittidinai  mus-] 
cnlar  layer  one  such  plexus^  and  in  the  circular  layer  several  may  be  founds  | 
to  which  he  has  applied  the  name  of  mterfascwular  capillaries  <»f  the  lym- 
phatics, and  all  of  which  pour  their  contents  into  a  median  system  of  iarj^r 
channels,  poa^^e^^ing  valves,  and  occupying  the  space  between  the  circuiar 
and  longitudinal  muscular  coats,  which  he  has  termed  the  intcriamiaar  net* 
work,     Thia  la^^t  heconsidera  represents  the  subserous  or  giib[ierilnn<    '  ' 
of  other  observers,  a  layer  which  ia  only  present  at  and  iu  the  lu 


i  :'i^. 


A,  Vfin  af  3!aa,  iq|««t««],  th^tmlng  Ibe  b1ood^issi«'«»  fttt  1  the  taeteats.    n,  VIEIitit  of  *  «bf^ 


vicinity  of  the  attachment  of  the  mesentefy.  Some  of  the  finest  of  t!iew 
capillary  lymphatics  appear  to  have  no  other  parietes  than  such  o 
to  rni  cd  by  th  e  a  d  hesio  n  o  f  a  si  u  g  I  e  1  ay  er  u  f  s  i  n  u  on  si  y-cti  u  I  <  *u  red  1 1  - 
epilheJiunbcells.  In  addition  to  the  central  lacteal,  each  villus  isc-ompa*ed 
of  a  matrix  of  areolar  ti^ne^^  without  any  intennixture  of  elastic  *ibr«, 
containing  in  its  interstices  numerous  branched  and  comtuuni eating  celU 
Willi  nuclei,  and  frequently  also  fat-granutes  in  their  interior.  The  arrange- 
ment of  the  blood t^ejfj^el»^  according  to  Heller,"^  \s  that  in  man  every  villus 
contains  an  artery,  which  begins  to  lorn  itself  iu  a  capillary  plexiui,  about  i 


^  Bi.'>>old  nrnl  K5nik*.»r,  ZeitH.  f.  W(»s.  Zoal.,  Bund  i\%  1S66,  p.  127. 
»  Kiiiliker,  Ahinunl  of  tlutnan  HUlology,  p.  325, 
'  JLudwig'i  Apbtsiien,  Baud  vii. 


ABiOBMfOir   FEOM   TBI   UfQi^TlVl  eAVfTT* 

ihti  mitldlis  of  the  villus,  Tbi*  vein  ret ti ruing  the  blood  begiDS  at  the  point 
of  the  villti^,  flnd  generally  goes?  directly  hito  the  ^^ubmucoiis  tis^ue^,  without 
rrociviti^  any  lateml  branches,  Ko  nervonit  eiemfmh  have  been  traeed  Into 
the  villi ;  but  n  layer  of  mnscuhir  fibre-celli  bus  been  showu  by  Kolliker 
und  otbt^ra  to  surround  the  lacteal  tubes,  the  contraction  of  which  has  been 
sijuently  observed  wLlbt  absorption  h  going  on,  and  has  an  important  in- 
limcf  fin  the  propukion  of  the  fluids  cimtained  within  thot^e  ves.^el^, 
1  -  """i-n  the  Villi  are  exainined  at  such  a  period  after  a  meal  contain- 
m^  ►u;*  matter*  as  ha^  ^uflSeed  for  its  partial  digestion,  their  laeteals 

Afv  m*^ii  4M  be  tur|/ift  with  chyle,  the  extremity  of  each  being  imbedded  in 
ft  ooUc«ctttm  of  ghiluiiuii  presenttng  an  opalescent  appearance,  and  giving  to 
the  rod  of  the  villus  a  giiimewbat  mulberry-like  form.  It  \vas  supposcfrby 
Pn>t  Gocidfir,'  by  wlmm  tliis  api>earance  wa«*  first  observed,  that  these  glob- 
qIc8  were  cells  developed  within  the  basement- membmne  during  the  act  of 
ali*fvrrifi.in  ffotii  what  W  coui^idered  to  be  granular  g^^rms  visible  in  the  same 
fit  11  ring  the  intervals  of  the  procefs;  but  there  can  now  be  little 

d^KM.t  k^uM  the  appearance  in  question  is  really  due  to  the  distension  of  the 


^!SJ 


.r^^ 


""C^ 


^ 


IW]>«<i4lnRljir  iup;i:llfvn  Uirmmli  atiA  of  Vvyrfm  }ifltrh#i  In  lite  \t)W^tpfiri  nf  tha  ilraini  uf  ibr  Sfa«e<r<' 
4,  t*riraj  '  **'  1 '  lit  ih'-  v\\H,  i*  The  aupedleldt  liiyef  of  the  Inetcnl  Towih  (rytc  ai>g(»Blani^  P.  Th** 
ietfiliyr  rr^t*  arniiliimU    1£.  EtTtTrnf  're***'!*,  fiTovlif*?d  ftiUi  Talir^R^    a.  Ll^berltUlitl'K 

H.  ClTTMlar  muwutftr  li|«t  of  the  wM  u(  tKti  InU&tiUi'.    a.  l/uugUiidlnftl 


'I  celb  inrf^Mimf;  the  villi  with  the  lacteal  fluid.     As  it  b 

lerest  to  examine  and  explain  tlie  mode  in  which  ahsorp- 

m  ikii^  iktf  ii^t  stage,  w  effected,  the  atteutk^n  of  many  observers  ha« 


*  Idiii-  Kew  PhiL  Jourti.,  July,  1842,  and  Analom.  and  PnlboL  Obsc?rv.,  pp.  5-iO. 
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been  directed  to  the  fltrueture  of  these  columnar  inveetiDg  epithelial  cell*; 
and  if  the  ob8ervation&  of  v.  Th auh offer ^  be  correct,  our  knowledge  of  iW 
mode  of  absorption  of  various  iubstances^  and  especially  of  tboti^  i>f  an 
olaftginouB  natinrej  will  be  materially  simplified.  Acconlin^  tu  tlie^  inveati- 
gations^  the  investing  celk'  of  the  villi  (c.  Figs*  78  aod  7^>  a,  Fig,  80}  are 


j  <>f  columnar  form,  with  a  hrvad  fre^,  and  a  narrmi^er  aitmhcd  exiftniilfJ 
[The  free  extremity  prcs^ntB  a  thickened,  bright,  and  highly  reiractile  bordw 


'  See  HeidenhiLin   m   MoWehott's    Uiiicr&udiungen,  Bd.  iv,  1858^  p*  231 ;   iyiil| 
,  Brueke  tn  id,  Bd.  ^iii,  1662,  p,  495;  and  in  Dunkftcbrift  d-  fc.  Akad-  f!    WU*   «i, 
'  'Wicn.  Bd*  yij  p.  105.     Abn  Ver*oii  in  iStfickf*r'*  Humnn  and  Ofunptirfttivff  H'i<*tln*y, 
(6yd.  StK.-.  TmiiisL,  vol.  i,  1870,  p.  S73.    Rtuivii^r,  art.  EpithdUitn  h 
lionnaire  de  MMwine,  t.  lii,  1670.     v.  TKanholTi^r,  Fflu^or's  A- 
I  ihose  epilhelinl  Cflla  w<?r(?  describoii  by  MM.  Gruby  and  DebifofMi    '      a.   -ci 

3lt>5),  J4S  pui-»i<i*:*irig  ciliM  on  their  iVnc*  miirgjii ;  but  KoUikpr.  Funkc.  jiud  rm« 

I  Ci^r*tly  SdlndtKf^t  caifidored  Ujir  spm^MrnrR"*^  us  iHuNnry,  aiid  provhim!  h\   i" 

[tnotnbmno  clo*inj^  ibw  free  pxtrtmiuy  of  the  cdl  beini^  perl(*rnl 

I  pori'ii  or  t^nniila,  wbU&tftfior  death  H  split  up  in  such  u  mnnner  as  t 

U>f  giii»  (KyllikiiT,  Mtkrwecip.  Anrtt.>  Wm,  p.  B2n)      Biilnt»h,  »gf 

I  ms  to  thf*  linos  in  qupstinn  bdn*r  CAfinl*,  differed  froiti  Kim  in  twdiv 

pr*-exi6U*nt,  but  Jinjfoly  ibo  iridicatiorLs  of  the  pfts*Hge»  tuadc^  hy  tr^'  « 

in  penetrating   ihft  deliottle   tis«ui^    ocdutling  ihr   moiiib  %}i  the  eel: 

l7nt€rfi.T  Bd.  vii,  18(51,  p.  65(Vj,     Brotttiiier  and  *St**inach»  on  wh'-^ 

ftUitemenU  uf  Bfuekf%  Il«?idenhmn,  and  otber  later  author*  ore 

und  Sti-innch,  Sitzungi^bericbt  d.  k.  Akad.  d.  wiijson,  ku  Wififj,    1: 

308],  timintnmed  Ibat  thc'  tippiirent  ciUfl  »r«  probmgation*i  af  tb*»  c»-! 

celU  tbcnijielves  torminattuj^r  with  a  smooth  cireuUr  Rmrgm.     Tbc", 

coluQinamrranfeTOenttts  hroude^i  RQd  most  dUtlnct  iQ  fnsttn^  Aiiim&ls,  wbiUi  ifi  ctrUiJ 

illcd  with  fat  U  dinijnlih^  lo  i>ne-lialf  or  one*ihird  of  lt«  former  breadth,  and  tb«| 

ftriiB  dtfiappeAr^  to  thiit  only  A  briiiht  nftrrow  rim  or  border  U  loft.    Laslly,  Wi«*t*ftndt| 

'  u  stilted  ill  Cftnstatt'f  Jwhresbericbt  for  1862,  p.  32,  to  view  the  eiUn  tis  rm  rt^lj  thij 

vpUcal  exprcwlun  of  striffj  or  wrinklci. 
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iiurrounding  the  open  mouth  of  tlie  cell.  The  border  varies  in  thickness  and 
breadth  in  different  cells,  even  of  llie  same  villus ;  and  when  the  cells  are 
examined  from  above,  their  margins  seem  to  be  continuous  with  each  other, 
80  that  a  kind  of  mosaic  is  formed.  Immediately  internal  to  the  border  is 
a  row  of  processes  formed  of  the  protoplasmic  contents  of  the  cell,  which  in 
mammals  are  rod-like,  but  in  frogs,  especially  when  examined  in  winter,  are 
ciliaform.  The  processes  stand  erect  during  life,  but  quickly  disappear  after 
death,  being  replaced  by  a  globular  swelling  projecting  from  the  mouth  of 
the  odl,  occasioned  by  the  imbibition  of  water. 

The  etndaU$  of  the  cells  during  fasting  are  a  mass  of  clear  protoplasm, 
and  a  bright  nucleus  with  nucleolus;  but  during  digestion,  especially  of 
rafastanoes  containing  fat,  the  protoplasm  becomes  cloudy  or  granular,  from 
the  eatnmce  of  the  molecules  of  oil  into  its  substance ;  a  process  that  is 
fiieilitated  by  the  movement  of  the  processes  above  described.  The  attached 
extrewdhj  rons  out  into  two  kinds  of  processes,  one  of  which  is  continuous 
with  ateUate  corpuscles  (d,  Fig.  78),  forming  a  lymph  canalicular  system  in 
the  ooonective-tisiue  matrix  of  the  villus,  which  opens  into  the  central  lacteal 
▼iwel  (e),  thus  affording  a  direct  means  of  entrance  for  the  fat-molecules 
into  the  absorbent  system,  and  explaining  the  occasional  introduction  of  solid 


Vn.  78. 


Fig.  79, 


Fio.  80. 


Fiii,  Tfi.— DUgrammatIc  repre8Pi»tation  of  the  Origin  of  the  J^cteals  in  a  Villus,  acnonliiiK  to  Funke: 
e  Ontral  lacteal :  d.  Connective-tisMiecorpUM-Ifs  with  communicating;  l)ranclK>s;  c.  (Mliati-d  columnar 
r-pithclial  cells,  the  attached  eztremitiea  of  which  are  dirc(.-t]y  contiguous  with  the  conncctive-tisHue 
corpuscle*.    After  Funke. 

Fio.  79.— Origin  of  the  T^ctcals  according  to  Lotzerich.  The  cells  marked  n,  are  cup  or  Robl«?t-cell». 
and  are  seen  to  be  Intercalated  amongst  the  columnar  epithelial  cell^t.and  to  communicate  with  a  deli- 
c»te  plexus,  b,  that  opens  at  various  points)  into  the  central  lacteal,  c,f;  d.  Layer  of  clear  connective 
Maiue ;  «,  eoonective  tissue  with  numerous  nuclei. 

Fig.  W.— «.  Body  of  Columnar  cell  fmm  small  intcittlne.  ft.  Smooth  border  «>f  cell.  c.  Protoplasmic 
proecsMS.  <f.  Con Dective-tlssue  processes.  «.  Nerve-fibre  penetrating  the  cull  to  join  the  nucleus,  g,/. 
GangUon  cell. 


particles  into  the  circulating  current,  whilst  the  other  ie,  Fig.  80)  appeal's 
to  be  nervous  tissue,  since  it  is  connected  with  a  corpuscle  resembling  a  gan- 
glion-c*ell,  and  has  the  chemical  relations  of  nerve.  It  penetrates  the  foot  of 
the  cell,  and  ha.s  been  traced  to  the  nucleus.  Interposed  at  variable  distances 
between  the  ordinary  columnar  cells,  are  peculiar  oval  cells,  known  as  Cup, 
or  Goblet'fetU  (Fig.  79,  n).  Tliese  have  been  regarded  by  Letzerich*  as  the 
true  commencements  of  the  absorbent  system,  and  he  traces  a  connection 


*  Virchow'd  Arcbiv,  Band  xxxix,  107,  p.  436. 
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between  their  attached  attenuated  extremities,  with  a  vascular  network  lying 
between  the  basement-membrane  of  the  villus,  which  joins  the  oeutral  lacteal, 
and  he  states  that  after  a  meal  containing  oleaginous  material  the  flask- 
shaped  bodies,  or  cup-cells,  the  delicate  and  more  internally  situated  plexus 
of  absorbent  vessels,  and  the  central  lacteal  may  all  be  seen  charged  with 
oily  particles.* 

136.  In  regard  to  the  degree  in  which  the  function  of  Nutritive  Absorp- 
tion is  performed  bv  the  Lacteals  and  by  the  Sanguiferous  system  respect- 
ively, considerable  (difference  of  opinion  has  prevailed.  When  Ihe  Absorbent 
vessels  were  first  discovered,  and  their  functional  importance  was  perceived, 
it  was  imagined  that  the  introduction  of  alimentary  fluid  into  the  vascular 
system  took  place  by  them  alone.  Such  an  idea,  however,  would  be  alto- 
gether inconsistent  with  the  facts  of  Comparative  Anatomy  ;*  and  it  is  com- 
pletely negatived  by  the  results  of  experiment.  For  that  Absorption  is 
effected  to  a  very  considerable  amount  by  the  agency  of  the  Bloodvessels,  is 
shown  in  the  first  place,  by  the  readiness  with  which  aqueous  fluids  and  even 
alcohol  are  taken  up  from  the  parietes  of  the  Stomach,  and  are  carried  into 
the  general  circulation.  Thus  in  a  case  of  extroversion  of  the  bladder,  ob- 
served by  Mr.  Erichscn,'  in  which  the  urinary  secretion  could  be  collected 
immodia'tcly  on  its  passing  from  the  kidney,  when  a  solution  of  ferrocyanide 
of  p()tas.<ium  was  taken  into  the  stomach,  this  salt  was  detected  in  the  urine 
in  one  instance  within  1  minute,  and  in  three  other  instances  within  2^  min- 
utes. In  the  interesting  experiments  of  Dr.  Bence  Jones  and  M.  Dupr^* 
the  rapidity  of  absorption  of  certain  salts  from  the  stomach  was  shown  to  be 
very  great,  a  few  grains  of  lithium  chloride  given  to  a  fasting  guinea-pig 
diffiising  itself  through  all  the  vascular  textures,  and  even  into  the  cartilage 
of  the  hip-joint,  in  the  short  space  of  15  minutes,  and  permeating  every  part 
of  the  lens,  even  in  old  animals,  in  four  hours.  In  like  manner,  from  experi- 
ments on  cataractous  lenses  in  man,  it  appears  that  traces  of  quinine  may 
be  discovered  in  the  Ions  in  about  2|  hours  after  its  ingestion.  In  the  anal- 
ogous experiments  of  Eulenberg*  and  of  Colin,*  iodide  of  potassium,  when 
injected  into  the  stomach,  could  be  detectejl  in  the  parotidean  saliva  in  from 
20  to  4o  minutes,  and  when  into  the  small  intestine  of  a  horse  in  so  short  a 
period  as  (y  minutes  in  the  chyle.  In  all  these  cases,  however,  the  stomach 
may  be  presumed  to  have  been  empty,  and  the  vascular  system  in  a  state  of 
aptitude  for  absorption  ;  since  the  experiments  wore  made  either  after  a  long 
fast,  or  at  least  four  hours  after  a  light  meal.  When,  on  the  other  band,  the 
salt  was  introduced  into  the  stomach  soon  after  the  ingestion  of  alimentary 
substances,  a  much  longer  peri«>d  elapsed  before  it  could  be  detected  in  the 
urine;  thus,  when  a  substantial  meal  had  been  taken  two  hours  previously, 


1  Tlipso  slatc»mentK  of  Lotzorit-h  hnvo  m«'l  with  much  opposition.  Lip^ky  (Wiener 
Sitziini:*hur.,  B<1.  Iv,  p.  183i,  Krdinnnn  (Die  K«'sorpti«»nswi*ge,  etc  K  Hnd  SHchsi  (Vir- 
chow's  An-hiv,  Btl.  xxxix,  p.  498),  rojranl  the  ciip-ct'lU  as  the  results  of  manipulation, 
an<i  deny  their  original  fxi-tence  alt<»,i;«'thi'r.  OtlnTs,  as  0«"tiinger  (Keichert's  Arohir, 
18r»7,  p.  o:J7),  and  ThanhoflVr  (op.  oil. ),  wliiKt  admittini::  thi'ir  pruj*e nee  during  life, 
bflii'Vi*  ih<»y  procci'd  from  naliiral  chanics'  oocurrinix  in  the  ordinary  epithelial  celU. 
such  as  iiii'hihition  of  water,  oU\  Others,  airain,  as  Srhultze  ( Archiv  f.  Mikrokop. 
Anat.,  lid.  iii.  pji.  No  and  l*04^  and  Thcod.  Kimer,  in  whose  little  pamphlet  ( I)ie 
B«-cherz4'lli'n)  the  reader  will  find  an  interesiinij  epitome  of  all  iho  e»!(ay«  (thirty- 
^even  ill  niiinheri  on  thi^  siilijecl  up  to  l^«)8,  are  df  opinion  that  there  is  a  real  and 
primary  ditTpreiiee  Ix'tween  tlh'  columnar  cells  and  thi*  cup-colls,  and  they  regard  the 
latt»'r  as  nittr.us-sfrr^ilthj  twijnus      Vernon  »op.  cit.  I  leaves  the  question  undecidiMl. 

■''  Si>e  I*rinc   "f  ('om[».  I*hys.,  chap.  iv. 

*  Medical  Gaz'-tte,  vol.  xxxvi.  p.  "MV-t 

*  I*rii<'ei<linirs  of  the  Kny.  Soc,  vol    xiv.  p.  'J'JO,  and  xv,  p.  73. 

*  Nermann  in  Medicin    (.'entralhlatt,  l8Hi3,  p.  o-'t). 

*  Can^tatt's  Bericht,  1S»>0,  p.  104. 
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the  interval  was  12  minutes ;  when  tea  and  bread  and  butter  had  been  taken 
one  hour  previously,  the  interval  was  14  minutes ;  a  similar  meal  having 
been  taken  twenty-four  minutes  previously,  the  interval  was  16  minutes ; 
when  only  two  minutes  had  passed  since  the  conclusion  of  such  a  meal,  the 
interval  was  27  minutes;  and  when  a  solid  meal  had  been  concluded  just 
before  the  introduction  of  the  salt,  the  interval  was  39  minutes.  These  facts 
are  of  great  importance,  in  showing  the  very  marked  influence  which  the 
8tate  of  the  stomach  exercises  upon  the  absorption  of  matters  introduced  into 
it-  Not  less  important,  however,  is  the  state  of  the  vascular  »y8tem  in  regard 
to  turgescence  or  emptiness ;  for  it  was  found  by  Magendie,  that  when  he  had 
injected  a  considerable  quantity  of  water  into  the  veins  of  a  dog,  poison  was 
absorbed  very  slowly  ;  whilst,  if  he  relieved  the  distension  by  bleeding,  there 
was  speedy  evidence  of  its  entrance  into  the  circulation.  The  rapidity  with 
which  not  only  aqueous  but  alcoholic  liquids  introduced  into  the  stomach 
may  pass  into  the  general  circulation,  has  been  shown  by  the  experiments  of 
Dr.  Percy;'  who  found  that  when  strong  alcohol  was  injected  into  the  stom- 
ach of  dogs,  the  animals  would  sometimes  fall  insensible  to  the  ground  imr 
mediateiy  upon  the  completion  of  the  injection,  their  respiratory  and  cardiac 
movements  ceasing  within  two  minutes ;  and  that  on  post-mortem  examina- 
tion in  such  cases,  the  stomach  was  nearly  empty,  whilst  the  blood  was  highly 
charged  with  alcohol ;  thus  rendering  it  almost  certain,  that  not  merely  the 
final  destruction  of  nervous  power,  but  the  immediate  loss  of  sensibility,  was 
due  to  the  action  of  alcoholized  blood  upon  the  nervous  centres.  Finally, 
numerous  experiments  have  been  made  by  various  physiologists,  which  have 
demonstrated  that  absoq)tion  of  alimentary  and  other  substances  may  take 
place  from  the  walls  of  the  Stomach  ;  these  substances  having  been  prevented 
from  passing  into  the  intestine  by  a  ligature  around  the  pylorus.  Now,  as 
the  Absorbent  system  does  not  present  that  peculiar  arrangement  in  the 
coats  of  the  stomach  which  it  does  in  those  of  the  intestinal  tube,  there  can 
be  little  doubt  that  the  introduction  of  such  substances  into  the  system  must 
be  eflected  chiefly,  if  not  entirely,  through  the  medium  of  its  sanguiferous 
capillaries. 

137.  That  the  Bloodvessels  of  the  Intestinal  tube  largely  participate  in  the 
intro<luction  of  soluble  alimentary  matter  into  the  system,  has  been  clearly 

g roved  by  various  observations  upon  the  constitution  of  the  blood  of  the 
lesenteric  veins  ;  these  having  shown,  that  after  the  digestion  of  albuminous 
and  farinaceous  or  saccharine  substances,  albuniinoso,  dextrin,  grape-sugar, 
and  lactic  acid,  are  detectible  in  that  fluid,  whose  usual  composition  is  greatly 
altered  by  the  presence  of  these  substances,  as  well  as  by  the  augmented  pro- 
portion of  water  which  it  contains.  Moreover,  it  is  asserted  by  Bruch,*  that 
so  large  a  quantity  of  fat  is  absorbed  into  the  bloodvessels,  that  the  super- 
ficial capillary  network  sometimes  presents  an  opalescent  whiteness.  We 
may  consider  die  Sanguiferous  vessels,  then,  as  affording  the  usual  channel 
by  which  a  large  part  of  the  nutritive  materials  are  introduced  into  the 
system ;  but  these  are  not  allowed  to  pass  into  the  general  current  of  the 
circulation,  until  they  have  been  subjected  to  an  important  asaimifating 
process,  which  it  appears  to  be  one  great  office  of  the  Liver  to  perform, 
whereby  they  are  rendered  more  fit  for  the  purposes  they  are  destined  to 
serve  in  the  economy.  Of  this  we  shall  have  presently  to  speak. — But  the 
abiforbent  power  which  the  bloodvessels  of  the  Alimentary  canal  possess,  is 
not  limited  to  alimentary  substances;  for  it  is  through  them  almost  ex- 
clusively, that  soluble  matters  of  every  other  description  are  received  into 

'  ExfHTiineiital  Inquiry  concerning  the  Presence  of  Alcohol  in  the  Ventricles  of 
ihft  Brmn.  p.  01. 
'  Siebold  and  KoUiker's  Zcitschrift,  April,  1853. 
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the  circulation.  This,  wliich  may  now  be  considered  a  well-established  fact, 
was  first  clearly  shown  by  MM.  Tiedeinann  and  Gnielin,'  who  luiQgled  with  the 
food  of  animals  various  substances,  which,  by  their  color,  odor,  or  chemical 
properties,  might  \ye  easily  detected  in  the  fluids  of  the  body:  after  some 
time  the  animal  was  examined  ;  and  the  result  was,  that  unequivocal  traces 
of  such  substances  were  not  unfrcquently  detected  in  the  venous  blood  and 
in  the  urine,  whilst  it  was  only  in  a  very  few  instances  that  any  indicatioD 
of  them  could  be  discovered  in  the  chyle. 

138.  The  process  of  absorption  by  the  bloodvessels  is  eflfected  by  the  opera- 
tion of  forces  of  a  purely  physical  character,  the  chief  phenomena  of  which 
are  embraced  under  the  general  term  of  Osmosis,  and  which  may  here  be 
briefly  noticed.  When  two  fluids,  miscible  with  one  another,  are  placed  on 
the  opposite  sides  of  an  animal  membrane  or  other  porous  septum,  currents  are 
generally  established  in  opposite  directions,  the  activity  of  which  is  essentially 
dependent  upon  the  nature  of  the  septum  and  the  affinity  of  the  fluids  for  one 
another.  The  instrument  by  which  these  effects  are  best  shown,  is  termed 
an  Endosmometer,  and  consists  (Fig.  81)  of  a  tube  b,  whose  wide  extremitv  is 
partially  fllled  with  the  fluid  to  be  experimented  on,  and  is  then  immersed  in 
a  vessel  of  pure  water,  A,  the  height  of  which  is  accu- 
rately kept  at  the  same  level  as  that  to  which  the  fluid 
rises  or  falls  within  the  tube,  in  order  to  avoid  the 
eflect  of  unequal  hydrostatic  pressure.  In  the  ma- 
jority of  experiments  of  this  nature  the  membrane  is 
caf)able  of  being  wetted  by  the  fluids  on  both  sides, as 
when  water  and  a  solution  of  some  salt  are  employed. 
It  is  then  found  that  a  strong  current  s^ts  from  the 
water  to  the  saline  solution,  termed  the  endosmotic 
current,  the  energy  of  which  is  within  certain  limits 
proportional  to  the  density  of  the  solution,*  whilst  the 
amount  of  water  entering  will,  of  course,  varv  with 
the  extent  of  surface  presented  by  the  mem^raoe. 
On  the  other  hand,  the  water  without  becomes  im- 
pregnated with  a  portion  of  the  salt  from  the  estab- 
lishment of  a  counter  current,  hitherto  termed  the 
cxosmotic  current,  which  will  continue  until  the 
density  of  the  fluids  on  the  two  sides  of  the  membrane 
is  ecpial.  The  exj>eriments  of  Prof.  Graham,  Brucke, 
and  others,  however,  render  it  probable  that  the 
passage  of  two  fluid  currents  in  opposite  directions 
through  the  membrane  is  only  apparent,  and  that  the  phenomena  may  in 
reality  be  explained  by  the  admission  of  only  a  single  current  setting*  in- 
wards from  the  pure  water  to  the  saline  solution,  the  apparent  exosmotic 
current  being  due  to  the  particles  of  salt  piissing  outwards  by  a  process  of 
solution  in  successive  layers  of  the  pure  water  containe<l  in  the  pores  of  the 
membrane  until  the  outer  surface  is  reached,  when  they  immediately  diffiue 

>  V<'rs»(*li«»  iilxT  di«'  \V»'^»*  auf  wtflohon  Sub-tHnzcn  aus  dom  Magen  und  Darm- 
kanal  ins  Hint  qipliiriirt'n.  HriJi*l))«'rir.  IS'20. 

-  It  is  con»id«?rfd  by  LieVnEj,  iliat  tin-  iiunjiitivo  oflr»»cts  of  onnoentrated  saline  sol u- 
tit»n*  ar«*  to  Ik?  »«-eounto«i  fi»r  on  tlii-^  iiriiM*i|ilo, — the  ostiiblii^limcnt  of  an  ojiinotic  cur- 
n-Mt  frcfn  instead  of  tmrtird^  tlu?  circiilaiini;  sy-strm.  It  !<  difficult,  howovor,  thu»  to 
nri'ixint  fur  all  tli<-  {ilu'noriii'na  of  salint*  puri^ation  ;  and  the  xVuthor  {greatly  doubu 
tho  validity  of  tii»'  explanation.  Sinur  (»x|K*rim'"ntH  porfonm'd  by  Aubort  are  also 
'tpiii'^ly  ojifiii.-Jil  to  it,  for  h«'  found  that  the  iTjiocti">n  of  solutions  of  many  of  tbe 
n»*  itral  smalts  into  tin*  Vfin-;  phmIikmhI  active  pur«^inir ;  and  hero,  of  o«>urM*.  the  expla- 
nutinn  ^ui:l;('^tL•d  by  Licbig  is  inadmissible.     ^See  Zeitschrifl  fiir  rat.  Med.,  1832,  t. 
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into  that  liquid,  giving  rise  to  the  appearance  of  a  fluid  current  in  the 
opposite  direction.  The  great  importance  of  the  nature  of  the  septum  and 
of  ita  capacity  for  imbibing  or  for  being  permeated  by  the  liquids,  is  shown 
by  the  fiicility  with  which  the  experiment  can  be  arranged  in  such  a  manner 
that  a  current  shall  only  pass  in  one  direction  ;  for  if  the  mouth  of  the  instru- 
mexkt  be  cioaed  with  bladder,  and  alcohol  be  placed  within  it,  on  immersing 
it  in  water  a  current  is  immediately  established  from  the  water  to  the  alcohol, 
the  increased  bulk  of  which  can  be  ascertained  by  a  scale  attached  to  the 
upper  part  of  b,  but  there  will  be  no  evidence  of  a  counter  current  passing 
from  the  alcohol  to  the  water.  If  on  the  contrary,  the  mouth  of  the  instru- 
ment be  closed  with  a  thin  lamina  of  caoutchouc,  a  current  soon  sets  from 
the  alcohol  to  the  water,  and  therefore  in  the  opposite  direction.  We  may 
explain  these  phenomena  by  supposing  that  in  tne  former  instance  the  water 
poMcaocs  a  superior  attraction  for  the  membrane,  enters  its  pores  by  imbibition 
and  capillary  attraction,  and  driving  the  alcohol  before  it,  reaches  the  inner 
surbuce  of  the  membrane,  whence  it  instantly  diffuses  into  that  fluid,  partly 
m  consequence  of  the  mutual  repulsive  force  of  its  own  particles,  and  partly 
from  Uieir  affinity  to  those  of  the  alcohol.  In  the  latter  case  the  alcohol 
ezerta  the  same  influence  by  virtue  of  its  superior  affinity  for  the  caoutchouc. 
Profesapr  Graham,  indeed,  considers  that  the  water  movement  in  osmosis  is 
aimpljan  affiiir  of  hydration  and  dehydration  of  the  substance  of  the  mem- 
brane or  other  colloid  septum,  and  that  the  diflusion  of  the  saline  solution 
placed  within  the  osmometer  has  little  or  nothing  to  do  with  the  osmotic  re- 
sult otherwise  than  as  it  aflects  the  state  of  hydration  of  the  septum.^ 

139.  It  18  not  absolutely  necessary  that  the  septum  should  be  of  a  solid 
nature,  since  the  same  phenomena  are  observed  where,  as  in  L'Hermite's 
experiment,'  a  layer  of  water  constitutes  the  diaphragm,  being  made  to 
separate  a  subjacent  and  heavier  layer  of  chloroform  from  a  superjacent  and 
lighter  layer  of  ether.  The  water  is  impermeable  to  chloroform,  but  perme- 
able to  ether,  which,  therefore,  gradually  penetrates  through  the  water  to 
the  chloroform,  and  from  its  affinity  for  the  latter,  immediately  diffuses 
into  it,  ultimately,  in  opposition  to  the  force  of  gravity,  entirely  aisappear- 
ing  from  the  surface  of  the  water.  The  importance  of  the  miscibility  of  the 
fluids  is  clearly  shown  by  the  complete  absence  of  currents  which  occurs 
when  the  fluids  on  the  opposite  sides  of  the  septum  have  no  affinity  for  oue 
another,  as  in  the  case  of  oil  and  water,  or  of  water  and  chloroform.  But 
even  when  such  affinity  really  exists,  and  when,  as  is  usually  the  case  in  the 
animal  body,  there  is  more  or  less  tendency  in  the  fluids  on  the  opposite 
sides  of  the  septum  to  diffuse  into  one  another,  many  circumstances  may  in- 
terfere to  modify  the  force  and  direction  of  the  osmotic  currents  besides  those 
already  noticed.  Amongst  these  may  be  mentioned  temperature,^  pressure, 
electricity,*  the  specific  heat  of  the  fluids,*  the  process  of  evaporation,  the 
previous  impregnation  of  the  membrane  with  acids,*  or  alkalies,^  and  lastly, 
one  which  is  in  constant  operation  in  the  living  body,  viz.,  the  movement 
of  one  of  the  fluids,  the  effects  of  which  may  be  clearly  exhibited  by  means 
of  an  apparatus  essentially  the  same  as  that  constructed  by  Dr.  Robinson, 
and  shown  in  Fig.  82,  where  b  is  a  vessel  containing  colored  fluid;  c  a  piece 
of  intestine  attached  to  the  stopcock  of  b  on  the  one  hand,  and  to  a  siphon 
on  the  other,  and  immersed  in  a  vessel  of  water,  A.     If  the  siphon  be  of 

1  For  a  theory  which  is  in  close  nccordunce  with  this,  see  Buchheiiner  (Beitrage) 
Archiv  f.  Pbys.  Ueilk.,  1863,  t.  xii. 
»  Comptes  Rendus,  1855,  p.  1179  »  Eckhard,  Beitrajje,  185S,  p.  05. 

«  Brooke,  Nat.  Phil.,  1860.  *  B^clard,  Physiologio,  18<;2,  p.  17G. 

•  Harzer,  Archiv  f  Phys.  Hoilk.,  1850,  t.  xv. 
^  Wifitinghausen,  Dissert.,  Dorpat,  1851. 
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smaller  diameter  than  the  portion  of  liitestme,  c,  as  in  the  figurp^  the  flmd 
will  dUcharge  itself  with  difficulty,  the  intestine  will  become  tight,  mjd  om 
tWunon  of  the  colored  fluid  into  the  pure  water  conLttined  in  the  v€»st?l,  a, 
will  become  apparent;  but  if  the  diameter  of  the  siphon  be  greater  than  thm 


Tig.  82. 


f 


JU4i^: 


of  the  tnte.«t!ne  attached  to  it,  the  discharge  of  the  fluid  will  take  pi 
easily,  the  membranoua  tube  will  become  flaccid,  and  a  rapid  prooe^  of  ab> 
sorption  of  the  water  or  of  any  saline  ^uhition  in  A  will  occur*  In  a  reraot 
paper  by  Professor  Graham,^  of  great  interest  in  reference  to  the  phcDOisejii 
we  arc  now  discussing,  that  chemiM  ^howa  that  some  f*ub*<tance?,  as  the  gal t« 
of  the  metaLs  generally  pai^  through  jwrous  septa  with  facility;  and  the§e 
and  all  subslancea  so  diffusing  themselves  he  proposes  lo  call  cr^daUmd^: 
whilst  others,  as  alumina,  hydrated  silicic  acid,  gum  dextrin,  gelaliii,  albu- 
minoa^  substances,  etc,  pa^  with  great  difficulty,  or  not  at  all,  Thes/^  he 
denominates  toUokhJ^  The  latter  are  eharu derived  by  posiesstiog  ft^hle 
chemical  reactiona;  by  diftiising  very  ^hiwly  in  water;  by  having  so  weak  ta 
affinity  for  that  liqui<l  that  Uiey  are  easily  precipitated  from  their  goiutitmp 
by  being  unable  to  pa?a  through  (by  means  of  diflWiou^  any  colloidal  atf- 
turn;  by  their  consequent  in5=ipid  taste,  since  tbey  probably  liever  rea'^b  the 
sentient  extremities  of  the  gU!i*tatory  nerves;  and  by  their  high  equlvaleot 
numbers,  unstable  nature,  and  ready  passage  into  decomposition.  The  crvi^ 
talloids,  on  the  other  hand,  present  charactens  which  are  precisdr  the 
reverse. 

[While  it  is  true  that  colloids  are  of  low  difflisibility  in  their  imlural  mo- 
di tion,  they  may,  hcmever,  be  caused  to  undergo  certain  chemical  or  physi- 
cal  changes,  in  conseouence  of  which  tbey  become  caT>able  of  u^mocsist  and 
thus  become  pmctically  crystalloida.  As  examples  of  this  metaim^rph^nsi^ 
maybe  mentioned  the  conversion  of  the  colloid  albumen  into  the  crystalloid 
albuminose  in  the  process  of  pstric  or  intestinal  digestion,  and  th^  dmtige 
which  occurs  in  oily  matters  by  contact  with  the  paucremtie  juice,  uhert-by 
an  emulsion  is  formed  and  absorption  rendered  possible.  Ihese  clmuges, 
however,  are  alluded  to  at  considerable  length  in  the  text. 

Crystalloids  not  only  diffuse  among  tliemselves,  but  they  will  gradually 

*  Hobinfion*  Contrlbutiorti  t<*  Physiulugji  1857,  p.  W. 

*  Trnas.  Roy«l  fcw^fi*,  \mi,  pnrt  L 
'  Ki-niwood/DiiilyFU,  Phiirm.  Jourti.,  April,  1862. 
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diffuse  themselves  through  colloids.  A  simple  experiment  showing  this  fact 
may  be  thus  performed:  In  the  centre  of  a  mass  of  any  colloid  substance,  as 
boiled  starch,  let  there  be  placed  any  highly  colored  crystalloid,  as  potassium 
bichromate;  in  a  short  time  it  will  diffuse  itself  throughout  the  entire  mass, 
giving  it  a  bright  yellow  color;  or,  for  the  bichromate,  substitute  a  crystal  of 
potassium  iodide,  and  in  a  short  time  upon  touching  the  starch  with  a  drop 
of  some  concentrated  mineral  acid,  as  sulphuric,  a  potassium  sulphate  will 
be  formed,  the  iodine  liberated,  and  the  starch  colored  blue  from  the  forma- 
tion of  the  iodide  of  starch.  If,  on  the  other  hand,  a  colloid,  as  burnt 
sugar,  or  caramel,  be  placed  in  the  centre  of  a  similar  mass,  at  the  end  of 
many  days  it  will  be  found  to  have  diffused  itself  scarcely  at  all. 

In  consequence  of  this  property,  ^vhen  crystalloids  and  colloids  are 
mingled,  as  in  the  egg,  the  former  may  be  caused  to  diffuse  themselves 
away  from  the  latter.  This  fact  is  easily  demonstrated  in  the  egg-endos- 
mometer,  which  is  prepared  by  removing  the  shell  from  one  end  of  an  egg 
in  such  a  manner  as  to  leave  the  membrane  intact.  In  the  opposite  end  a 
small  opening  is  made,  around  which  is  cemented  a  glass  tube.  The  egg  is 
then  placed  in  a  wineglass  of  distilled  water,  with  the  end  upon  which  the 
membrane  is  intact  downward.  Soon  the  contents  of  the  egg  will  begin  to 
appear  in  the  tube,  showing  that  water  has  passed  through  the  animal  mem- 
brane, and  caused  the  displacement  of  the  egg's  contents.  That  the  diffu- 
sion of  the  crystalline  contents  of  the  egg  has  taken  place  can  be  proved  by 
adding  a  drop  or  two  of  a  solution  of  silver  nitrate  to  the  water  in  the  wine- 
glass, when  a  copious  precipitate  of  the  silver  chloride  will  be  thrown  down, 
thus  demonstrating  the  passage  of  soluble  chlorides  from  the  interior  of  the 
egg  through  theauimal  membrane  into  the  water.  By  this  experiment  also, 
the  non-diffusibility  of  colloids  may  be  proved,  as  no  test  whatever  can  de- 
tect the  presence  of  albumen  in  the  water  in  the  wineglass. — It  is  this  difiu- 
fion  of  crystalloids  away  from  colloids  through  an  animal  membrane  which 
is  termed,  by  Prof.  Graham,  dialysis.] 

140.  There  seems  to  be  no  reason  for  doubting  that  the  absorption  of  the  va- 
rious nutritive  and  alimentary  materials  takes  i)lace  according  to  the  ordinary 
rules  of  Osmosis;  for  on  the  one  hand  is  the  aliment  always  more  or  less  per- 
fectly reduced  to  the  liquid  state,  the  density  of  which  is  generally  less  than 
that  of  the  blood,  in  consequence  of  the  very  copious  discharge  of  aqueous 
fluid  into  the  alimentary  canal  during  the  operation  of  digestion ;  and  on 
the  other  is  the  blood  or  lymph  in  rapid  movement,  p(>ssesj*ing  a  high  spe- 
cific gravity,  at  a  temperature  of  99'^  or  100°  F.;  whilst  between  them  is  the 
septum,  of  immense  extent  and  great  tenuity,  formed  by  the  mucous  mem- 
brane, and  the  walls  of  the  blood  or  lymph  vessels:  the  tendency  is,  there- 
fore, in  accordance  with  the  facts  already  stated,  in  favor  of  the  passage  of 
the  aliment  from  the  intestinal  tract  towards  the  circulating  fluids.  As 
regards  such  substances  as  albumen,  gum,  and  gelatin,  which  belong  to  the 
"colloid"  class  of  substances,  and  therefore  transude  with  extreme  difficulty, 
it  appears  at  first  sight  difficult  to  explain  how  they  pass  through  the  intes- 
tinal mucous  membrane.*  The  experiments  of  Funke,  however,  show  that 
the  act  of  digestion  essentially  effects  a  convei-sion  of  the  "colloid"  group 
into  the  "crystalloid;"  for  that  as  soon  as  the  albuminous  substances  intro- 


*  Miiilhft  (Chinriie  appliqueo  ^  la  Physiologic,  ISoO)  broke  the  sijcll  from  the  end 
of  fin  cirir,  leuvinn  the  ineinhrane  intact,  and  iinrner>«*d  it  in  water.  After  5  hours 
it  had  increased  in  weight  upwards  of  30  grains,  and  the  membrane  was  tight  and 
prominent.  The  water  in  whieh  the  egg  had  been  immersed  became  alkaline  from 
the  ex«»smo«»  of  the  salts,  but  no  albumen  had  escaped.  8o  Graham  and  Eckhard 
« Beilrigp,  Bd.  iii,  pp  61  and  85,  186-')  state  that  in  analogous  experiments  with  solu- 
tions of  gum  no  exosmobis  of  that  substance  occurred. 
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duccd  into  the  stomach  have  undergone  the  modification  into  peptones,  they 
have  acquired  the  power  of  traversing  animal  membranes  witn  comparative 
facility.  As  the  conditions  for  the  absorption  of  these  substances  are  alike 
present  in  the  stomach  and  intestines,  it  is  probable  that  this  process  takei 
place  through  the  whole  length  of  the  alimentarv  tube,  though  chieflv  in 
the  intestine,  as  the  presence  of  acids  is  unfavorable  to  its  active  perform- 
ance; a  view  which  receives  support  from  the  experiments  of  Busch'  upon 
the  woman  with  a  duodenal  fistula,  in  whom  it  was  found  that  a  consider 
able  portion  of  the  saccharine,  and  about  one-third  of  the  albuminous  com- 
pounds taken  as  food,  were  absorbed  before  reaching  the  intestines.  Funke' 
observed,  also,  that  when  solutions  of  peptone  were  introduced  and  secured 
by  ligature  in  determinate  lengths  of  the  intestines  of  living  rabbits,  and 
permitted  to  remain  for  two,  four,  and  six  hours,  the  more  concentrated  the 
solution,  the  greater  was  the  activity  with  which  the  absorption  was  accom- 
plished in  a  giv^n  time;  but  that  a  remarkable  difference  occurred  from 
what  might  have  been  anticipated,  where  a  definite  quantity  of  the  solutioD 
of  peptone  was  presented  to  double  the  extent  of  surface,  very  little  more 
being  then  absorbed,  or  at  least  nothing  like  double  the  amount  in  the  same 
time.  He  further  found  that  the  amount  absorbed  in  the  living  animal  bj 
no  means  stands  in  direct  relation  to  the  duration  of  the  experimeot,  the 
process  taking  place  with  far  more  energy  during  the  first  hour  than  subse- 
quently; and  the  same  facts  were  also  observed  in  experiments  upon  the  ab- 
sorption of  sugar  made  by  Becker.' 

[In  absorption  by  the  bloodvessels,  change  of  place  or  motion  on  the  part 
of  at  least  one  of  the  fluids  separated  by  the  animal  membrane  is  of  pri- 
mary importance.  Were  this  not  the  case  an  equilibrium  would  sooo  be 
obtained  and  the  current  be  discontinued ;  but  the  rapidity  of  the  circula- 
tion in  the  capillaries  carries  away  the  materials  or  fluids  which  have  been 
absorbed,  and  leaves  room  for  the  absorption  of  more ;  as  demonstrated  in 
the  experiment  of  Dr.  Robinson,  Fig.  82. 

On  the  same  principle,  fulness  of  the  capillaries  retards  osmosis ;  whence 
an  in){X)rtant  practical  deduction  follows  with  regard  to  the  treatment  of 
poisoned  wounds.  If  by  any  means  at  our  disposal  we  can  bring  about  i 
congestion  of  the  bloodvessels  surrounding  the  wound,  the  tendencv  to  the 
absorption  of  the  poison  will  be  greatly  diminished.  And  this  is  tbe  prin- 
ciple upon  which  the  application  of  a  cupping-glass  to  the  wound,  as  revived 
by  Sir  D.  Barry,  or  a  ligature  placed  between  the  wound  and  the  central 
organ  of  the  circulation,  or  even  suction  applied  to  the  wound  itself,  will 
sometimes  prevent  the  action  of  the  poison. 

The  oxjwriments  of  Christ ison  and  Magendie  are  illustrations  of  these 
facts. 

The  former,  after  tying  a  ligature  about  the  limb  of  a  dog,  introduced 
some  poisonous  material  into  the  connective  tissue  beyond  the  ligature.  So 
long  as  the  ligature  was  allowed  to  remain,  very  little  absorption  took  place; 
but  immediately  on  the  removal  of  the  ligature  and  the  renewal  of  tne  ci^ 
culation,the  animal  succumbed.  (Christis(m  on  Poisons,  p.  39.)  Magendie 
injected  a  colored  liquid  into  the  cavity  of  the  peritoneum  of  an  animal, 
having  first  also  produced  a  plethoric  condition  of  the  bloodvessels  by  in- 
jecting them  with  water.  So  long  as  the  plethoric  condition  remained,  the 
colore<l  fluid  was  not  absorbed  from  the  peritoneal  cavity ;  but  immediately 
on  opi'uing  a  bloodvessel,  the  colored  fluid  disapj)eared  rapidly  by  absorp- 
tion. 


»  Arthiv  f.  Path.  Anat.  iind  PhyHoloirie,  1858,  Bil.  liv,  p.  140 

«  Physinloirio.  4ih  edit.,  IK-'J,  p/3.')7. 

*  Zvitschrilt  t*.  wiss.  Zoulrjgie,  1854,  t.  v,  p.  137  et  seq. 
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An  important  therapeutic  application  of  this  fact  is  seen  io  the  tteatment 
of  dropsies,  or  at  least  those  involving  the  great  serous  cavities,  where  the 
absorption  of  the  effused  serum  is  accelerated  by  drawing  away  a  portion  of 
the  fluid  constituents  of  the  blood,  by  the  aid  of  diuretics  and  hydragogue 
cathartics.] 

141.  The  difficulty  which  formerly  existed  in  regard  to  the  absorption  of 
fiiity  bodies  into  the  abwrbent  vessels,  since  these  traverse  moist  animal  mem- 
branes with  great  difficulty,  is  in  some  measure  set  aside  by  the  observations 
of  MM.  Heidenhain  and  Briicke,  already  detailed,  though  there  are  still 
some  points  which  have  not  received  explanation.*  The  entrance  of  fat- 
molecules  into  the  bloodvessels  may  be  aided,  as  B^clard'  supposes,  by  the 
dtiect  pressure  of  the  muscular  coats  of  the  intestines ;  for  though  great 
force  IS  requisite  to  drive  oil  through  the  entire  thickness  of  the  walls  of  the 
small  intestine,  a  much  slighter  one  will  suffice  to  impel  it  through  the  deli- 
cate stnictare  of  the  mucous  membrane  alone,  especially  if  the  oil  be  finely 
divided  or  emulsionized ;  the  yolk  of  e^g^  for  instance,  mingled  with  two  or 
three  times  its  weight  of  water,  traversing  such  a  membrane  at  a  temp,  of  100° 
P.,  and  under  a  low  pressure,  with  great  ease ;  though,  in  other  experiments 
made  by  M.  Moriu,'  much  difficulty  was  experienced  with  milk,  on  account  of 
the  much  larger  size  of  the  molecules  of  oil  contained  in  that  fluid.  It  is  cer- 
tain, moreover,  that  the  presence  of  a  weak  solution  of  soda  or  potash  in  the 
pores  of  the  membrane,  which  effects  a  saponification  of  the  oil,  materially 
facilitates  its  passage;^  and  Wistinghausen  and  Hoffmann^  have  observed* 
that  the  force  requisite  to  drive  oil  through  an  animal  membrane  is  materi- 
ally diminished  by  first  impregnating  the  latter  with  bile;  an  important 
obeiervation  in  reference  to  the  phenomena  of  the  absorption  of  these  sub- 
stances by  the  bloodvessels,  since  it  renders  it  probable  that,  as  in  the  case 
of  the  albuminous  compounds,  it  is  in  the  small  intestine  chiefly,  the  surface 
of  which  is  rendered  alkaline  by  its  own  secretion,  and  by  the  fluids  dis- 
charged by  the  Liver  and  Pancreas,  that  the  absorption  of  fat  is  accom- 
plished.* 

142.  It  is  a  very  remarkable  fact,  which  has  recently  been  fully  substan- 
tiated, that  not  merely  soluble  matters,  but  insoluble  substances  in  a  state 
of  minute  division,  may  find  their  way  from  the  alimentary  canal  and  from 
the  serous  cavities  into  the  current  of  the  circulation.  Thus  it  was  fouud 
by  Oesterlen,*  that  particles  of  finely-divided  charcoal,  introduced  into  the 

*  Fur  H  very  full  and  interesting  critique  upon  the  whole  quej^tion  of  the  absorp- 
tion of  F»tft,"ftee  Funke,  Phvi^iologie,  18<*i3,  4th  edit.,  p.  357-37*2.  Dr.  Broadbent 
(Journal  of  Anatomy  and  Physiolotry,  1870,  vol.  iv.  p.  14)  haft  pointed  out  that  the 
extremely  delicate  layer  of  cells  formini;  the  walU  of  the  root.-*  of  the  lacteals  and  lym- 
phatics present  but  little  resistance  to  the  entrance  of  fnt-molecules.  lie  conti-ndfi 
that  thej^e  ves.«el8  may  be  rej^arded  as  intert<'Xtural  spaces;  and  whilst  the  more  dif- 
fusible «*ubfi«tances,  as  >Ui5ar,  peptones,  salts,  etc.,  pass  by  osmosis  through  the  walls  of 
the  capillary  bUKMl vessels  to  enter  the  blood,  the  greatly  inferior  diffusibililyof  the  fats 
cauites  them  to  be  left  behind  in  these  iniertextural  sp«c<»s,  from  which  they  slowly 
make  their  way  into  the  lymphatics  possessing  proper  walls.  It  must  be  admitted, 
however,  that  the  columnar  cells  of  the  intestine  seem  to  have  a  special  predilection 
for,  and  fiower  of.  absorbing  finely  divided  and  emulsiimiKed  fat. 

*  Fhyfiologie.  1802,  p.  181.  *  Memoires  de  la  Society  de  Geneve,  1854. 

*  Mattcucci,  Lectures  on  the  Phys.  Phenum.  of  Living  Beings,  Pereira's  edit., 
p.  111. 

*  Dissert.  Inaugur  ,  Dor  pat,  1861. 

*  For  the  be^t  n*<'ent  account  of  the  various  phenomena  of  imbibition,  caj>illarity, 
opm'isis*,  and  diffusion  of  liquids,  see  Milne  Edwurds,  L<'9ons  sur  la  Phy>iologie,  vol. 
v,  18oft,  in  which  the  liUTature  of  the  subject  is  givi-n  in  a  singularly  perfect  man- 
ner.    See  alK»  Prof  Graham's  Memoirs  in  the  Phil.  Trans,  for  1850,  1854,  1857,  etc. 

'  Heller's  Archiv,  1847. 
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alimeDtary  canal,  could  be  distinguished  in  the  blood  of  the  mesenteric 
veins;  and  similar  results  were  obtained  by  Eberhard,  and  by  Mensouides 
and  Donders/  not  only  with  charcoal,  but  also  with  sulphur  and  even  with 
starclr*  the  latter  subs^tance  being  at  once  detect! ble  in  the  blood  by  the 
iodine-test.  There  can  be  little  doubt  that  such  substances  enter  the  lacteal 
system  through  the  epithelial  cells  of  the  villi ;  as  the  presence  of  paoro- 
sperms  in  the  interior  of  these  has  been  distinctly  perceived  by  Klebs.*  In 
like  manner,  Ludwig  and  others  in  the  Physiological  School  of  Lieipeic^  have 
noticed  the  penetration  of  particles  of  coloring  matters  from  the  interior  of 
the  abdominal  or  thoracic  cavities  into  the  lymphatics  of  the  central  ten- 
don of  the  diaphragm,  and  into  those  of  the  pleura  respectively;  Auspitt* 
describes  a  similar  absorption  of  starch-corpuscles  from  the  peritoneal  cuviXjt 
and  it  seems  probable  that  this  is  effected  through  certain  openings  (eiomala) 
first  noticed  by  Oedmannson,*  and  since  fully  described  by  Klein  and  others, 
which  occupy  interspaces  between  the  ordinary  tessellated  epitbelium-celb 
lining  the  serous  cavities.  These  openings,  therefore,  establish  a  direct  com- 
municaticm  between  the  serous  cavities  and  the  lymphatic  vessels,  and  the 
cavities  themselves  may  reasonably  be  reganled,  in  one  sense,  as  merely 
colossal  dilatations  of  the  vessels,  analogous  to  those  large  lymph-sacs  or 
reservoirs  which  are  found  in  the  frog,  fish,  and  other  animals.* 

2.  Absorption  from  the  Body  in  general, 

143.  The  Mucous  Membrane  of  the  alimentary  canal  is  by  no  means  the 
only  channel  through  which  nutritive  or  other  substances  maybe  introduced 
into  the  circulating  apparatus  from  external  source^  The  Lymphatkmr 
tern  is  present  in  all  animals  which  have  a  /oc/ea/ system ;  and  the  two,  as 
already  pointed  out,  evidently  constitute  one  set  of  vessels.  The  Lymphatics, 
however,  instead  of  commencing  on  the  intestinal  walls,  are  distributed 
through  most  of  the  vascular  tissues  of  the  body,  and  especially  in  the  Skin; 
but  their  number  bears  no  proportion  whatever  to  the  vascularity  of  the 
several  tissues,  or  to  the  amount  of  interstitial  change  which  these  undergo; 
and  it  would  rather  seem  to  be  related  to  the  amount  of  Connective  tissue 
interposed  between  the  other  constituents  of  the  fabric.  Thus  we  find  the 
Nervous  centres  entirely  destitute  of  them,  unk'ss  indeed  they  are  represented 
by  the  lacunar  spaces  filled  with  nuclei,  which  have  been  described  by  Robin' 
and  His**  as  surnuinding  the  capillaries;  and  they  are  very  scanty  in  the 
substance  of  Muscles.  After  passing,  like  the  lacteals,  through  a  series  of 
glandular  bodies  (the  precise  nature  of  which  will  be  presently  considered), 
they  empty  their  contents  into  the  same  receptacle  with  the  lacteals ;  and 
the  mingled  products  of  both  pass  into  the  Sanguiferous  system. — We  find 

1  Nt'diThindMh  Lancet,  Band  iv. 

•  Ft»r  rurtlHT  inlV>rinati()ii  on  this  p<unt  tho  roadiT  is  referred  to  Moleschott'*  Cn- 
torsiieluinix^'ii.  IM.  ii,  p  119;  and  Wirn.  Med.  Wotliensn-lirirt,  18"»4,  p.  817;  Uol- 
lander,  Qii:«*sii«»ne.s  dn  Cwrj).  scdiil.  e  tract,  intest.,  etc..  Dorpat,  18o*l;  Ttficliiniinn, 
Das  Saui;ad<'r  Sy-leni,  IS'il,  p  lOr, ;  Fiinko,  Lelirhiieh,  180:},  4th  edit  ,  p.  862  et  »eq  ; 
and  Kh'iis,  in  Arch.  1"  l*alh.  Anni  ,  lid.  xvi,  p  IHiS;  and  especially  to  Aii*pilE,  E*Miy 
in  the  Wien.  Med.  Jahrb.,  N.  F.,  IbTl,  p.  2S3,  in  which  tiie  hi^ftory  uf  the  subjei't  i> 
fully  i^ivi'n. 

»*Sie  the  .«everal  papers  hy  Ludwii;.  Scliweii^'^rep-Siedel,  Dogiel,  und  Dybkow»ky 
n  the  Verhand.  d.  Sachs.  i\*'M\    d.  Wi-n  ,  \xm. 

•  Wien    Med.  Jahr.,  N.  F.,  1H71,  p.  oSa. 

•  Vinhiiw's  Ar<'hiv,  I>d.  xxviii,  p   M«jl. 

•  See  M.  JiMirdain,  Ann.  de-^  Sci    Nat.,  1807. 

'  I$r«i\vn-Setiuard,  Jnurnal  fh'  la  Physiol.,  vol.  ii,  18G9,  p.  537. 

•  Zeits.  f.  wi&s.  Zoologit?,  1805,  p.  127. 
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in  the  Skin,  also,  a  most  copious  distribution  of  capillarj  bloodvessels,  the 
arraugemeDt  of  which  is  by  do  means  unlike  that  of  the  bloodvessels  of  the 
alimentary  canal ;  and  its  surface  is  further  extended  by  the  elevations  that 
form  the  sensory  papillse,  which  are  in  many  points  comparable  to  the  iutes- 
tiDal  villi,  although  their  special  function  is  so  different. 

144.  In  the  lowest  tribes  of  animals,  and  in  the  earliest  condition  of  the 
higher,  it  would  seem  as  if  Absorption  by  the  external  mrface  is  almost 
equally  important  to  the  maintenance  of  life,  with  that  which  takes  place 
through  the  internal  reflexion  of  it  forming  the  walls  of  the  Digestive  cavity. 
In  the  adult  condition  of  most  of  the  higher  animals,  however,  the  special 
fanction  of  the  intestinal  tract  is  so  much  exalted  as  usually  to  supersede 
the  necessity  of  any  other  supply ;  and  the  function  of  the  cutaneous  and 
pulmonary  surfaces  may  be  considered  as  rather  that  of  exhalation  than  of 
abBorption.  We  have  a  remarkable  exception  to  this  general  statement, 
however,  in  the  case  of  Frogs  and  other  Batrachia,  which  are  characterized 
by  the  softness  of  their  skins  and  the  thinness  of  their  epidermic  covering ; 
for  cutaneous  absorption  seems  in  them  to  be  no  less  active  than  their  cuta- 
neous exhalation  and  respiration  are  well  known  to  be.  And  even  in  the 
hiffher  animals  there  are  peculiar  conditions  of  the  system  in  which  the  im- 
bibition of  Auid  through  these  surfaces  is  performed  with  great  activity,  sup- 
plying what  would  otherwise  be  a  most  important  deficiency.  It  may  take 
place  either  through  the  direct  application  of  fluid  to  the  surface,  or  even 
through  the  medium  of  the  atmosphere,  in  which  a  greater  or  less  propor- 
tion of  watery  vapor  is  usually  dissolved.  This  absorption  occurs  most 
vigorously  when  the  system  has  been  drained  of  its  fluid,  either  by  an  excess 
of  the  excretions,  or  by  a  diminution  of  the  regular  supply. 

145.  It  ma^  be  desirable  to  adduce  some  individual  cases,  which  will  set 
this  function  m  a  striking  point  of  view ;  and  those  may  be  first  noticed  in 
which  the  Absorption  took  place  through  the  contact  of  liquids  with  the 
skin.  It  is  well  known  that  shipwrecked  sailors  and  others  who  are  suflering 
from  thirst,  owing  to  the  want  of  fresh  water,  find  it  greatly  alleviated,  or 
altogether  relieved,  by  dipping  their  clothes  into  the  sea  and  putting  them 
on  whilst  still  wet,  or  by  frequently  immersing  their  own  bodies.* — In  a  case 
related  by  Dr.  Currie,  of  a  patient  laboring  under  dysphagia  in  its  most  ad- 
vanced stage  (the  introduction  of  any  nutriment,  whether  solid  or  fluid,  into 
the  stomach,  having  become  perfectly  impracticable),  an  attempt  was  made 
to  prolong  his  existence  by  the  administration  of  nutritive  enemata,  and  by 
immersion  of  the  body,  night  and  moruiug,  in  a  bath  of  milk  and  water. 
During  the  continuance  of  this  plan,  his  weight,  which  had  previously  been 
rapidly  diminishing,  remained  stationary,  although  the  quantity  of  the  ex- 
cretions was  increased.  How  much  of  the  absorption,  which  must  have  been 
eflected  to  replace  the  amount  of  excreted  fluid,  is  to  be  attributed  to  the 
baths,  and  how  much  to  the  enemata,  it  is  not  easy  to  say ;  but  it  is  im- 
portant to  remark  that  "the  thirst,  which  was  troublesome  duriug  the  first 
days  of  the  patient's  abstinence,  was  abated,  and,  as  ha  declared,  removed 
by  the  tepid  bath,  in  which  he  had  the  most  grateful  sensations."  "  It  can- 
not be  doubted,"  Dr.  Currie  observes,  "that  the  discharge  by  stool  and  j)er- 
spiration  exceeded  the  weight  of  the  clysters;"  aud  the  loss  by  the  urinary 
excretion,  which  increased  from  24  oz.  to  36  oz.  under  this  system,  is  only 
to  be  accounted  for  by  the  cutaneous  absorption.' — Dr.  S.  Smith  mentions 

*  See  a  collection  of  such  cases  in  Dr.  Madden 's  Experimental  Inquiry  into  the 
Ph\>iology  of  Cutaneous  Absorption,  p.  47. 

•^I^-dical  Reports,  vol.  i,  pp.  308-826.  Eichhorst  (Pfliiger's  Archiv,  Band  iv,  part 
xii)  classes  various  peptonei»,  muscular  flesh,  casein  of  milk,  salifled  egg-albumen,  and 
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that  a  man,  who  had  lost  nearly  3  lbs.  by  perspiration,  during  an  hour  and 
a  quarterns  labor,  in  a  very  hot  atmosphere,  regained  8  oz.  by  imroersion  in 
a  warm  bath  at  95°  for  half  an  hour.* — ^The  experiments  of  Dr.  Madden'  on 
his  own  ])erson  show  that  a  positive  increase  usually  takes  place  in  the  weight 
of  the  body,  during  immcn^ion  in  a  warm  bath,  even  though  there  is  at  the 
same  time  a  continual  lass  of  weight  by  pulmonary  exhalation,  and  by  trans- 
udation from  the  skin.'  This  increase  was,  in  some  instances,  as  much  as  5 
drachms  in  half  an  hour;  whilst  the  loss  of  weight  during  the  previous  half 
hour  had  been  62  drachms :  so  that  if  the  same  rate  of  loss  were  continaed 
in  the  bath,  the  real  gain  by  absorption  must  have  been  nearlv  an  ounce  and 
a  half.  Why  this  gain  wtis  much  less  than  in  the  cases  just  alluded  to,  is  at 
once  acc-ounted  for  by  the  fact  that  there  was  no  deficiency,  in  the  latter 
case,  of  the  fluids  naturally  present  in  the  body. 

14G.  There  arc  certain  phenomena,  which,  if  accurately  recorded,  cannot 
be  accounted  for  in  any  other  way,  than  by  admitting  that,  under  particular 
circumstances,  a  considerable  amount  of  water  may  be  absorbed  from  the 
vapor  of  the  atmosphere.  The  following  are  among  the  most  satisfactoir 
and  circumstautial  observations,  that  have  been  adduced  in  support  of  dm 
position.  Lining  observ'ed  that  his  body  on  one  occasion  increased  in  weight, 
during  two  hours,  to  the  amount  of  8^  oz. ;  allowance  being  made  for  the 
amount  of  fluid  invested  during  that  time,  and  for  the  q^uantity  passed  off 
by  the  urine  and  by  cutaneous  transpiration.*  Dr.  Junn  affirms  that  he 
ascertained  an  increase  of  18  oz.  to  have  taken  place  during  a  night  passed 
in  a  cool  room,  after  a  day's  exercise  and  abstinence.^  It  is  stated  by  Dr. 
Watson,"  that  a  lad  at  Newmarket,  having  been  almost  starved,  in  order 
that  he  might  be  reduced  to  a  proper  weight  for  riding  a  match,  was  weighed 
at  9  A.M.,  and  again  at  10  a.m.;  and  he  was  found  to  have  gained  nearly 
30  oz.  in  weight  in  the  course  of  this  hour,  though  he  had  only  drunk  half  a 
glass  of  wine  in  the  interim.  A  parallel  instance  was  related  to  the  Author 
by  the  late  Sir  G.  Hill,  then  Governor  of  St.  Vincent :  a  jockey  had  been 
for  some  time  in  training  for  a  race,  in  which  that  gentleman  was  much  in- 
terested, and  had  been  reduced  to  the  proper  weight ;  on  the  morning  of  the 
trial,  being  much  oppressed  with  thirst,  he  took  one  cup  of  tea ;  and  shortly 
afterwards  his  weight  was  found  to  have  increased  6  lbs.,  so  that  he  was  in- 
capacitated for  riding. — Nearly  the  whole  of  the  increase  in  the  former  case, 
and  at  least  three-fourths  of  it  in  the  latter,  must  be  attributed  to  absorption 
from  the  vapor  of  the  atmosphere ;  probably,  however,  rather  through  the 
lungs  than  through  the  skin.  If  the  possibility  of  such  al^orption  be  admitted, 
we  are  probably  to  attribute  to  it  the  chief  part  of  the  excess  of  watery  fluid 
which  cannot  be  otherwise  accounted  for,  in  the  following  instances. — Dr. 

golntin  uTnoiiir  substances  cupiiMe  of  b<*ing  absorbed  when  injected  into  the  large  in- 
tCi^tiiie.  On  the  other  hand,  nniont^st  the  substances  not  ^o  al^orbcd  he  mentions  pure 
eg£;-albuiiien,  coagulated  fibrin,  and  preparations  of  &vntonin  an<l  myosin.  Biiuer 
(Sitz.  d.  k.  Bayer  Akad.,  1^08.  Band  ii,  p.  511)  states  that  whilst  little  or  no  albu- 
nien  is  absorhud  even  when  it  has  been  well  whipped,  by  the  largo  intestine,  a  con- 
siderable quantity  is  taken  up  if  a  solution  of  common  salt  be  added  to  it.  See  note, 
p.  180. 

»  Philosophy  of  Health,  vol.  ii,  p.  390.  »  Op.  cit,  pp.  59-68. 

3  That  ]>art  of  the  function  of  Cutam-ous  Transpiration  which  consists  in  simple 
Exhalation,  isof  course  completely  checked  by  such  immersion:  but  that  which  is  the 
result  of  an  actual  Secreting  process  in  the  cutaneous  glandulse  (chap,  ziv,  acvt.  4)  is 
increased  by  heat,  even  though  this  be  accompanied  with  moisture. 

*  l*hilofophical  Transactions,  1743,  p.  4'JO. 

*  Klapp,  Inaug.  Dissert.,  p.  30,  cited  by  Dr.  Madden. 

*  Clicmical  E^sayfi,  vol.  iii,  p.  100. 
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HilP  relates  the  case  of  a  diabetic  patient,  who  for  five  weeks  passed  24  lbs. 
of  urine  every  twenty-four  hours;  his  ingesta  during  the  same  period  amounted 
to  22  lbs.  At  the  commencement  of  the  disease,  he  weighed  145  lbs. ;  and 
when  he  died,  27  lbs.  of  loss  had  been  sustained.  The  daily  excess  of  the 
excretions  over  the  fluid  ingesta  could  not  have  been  less  than  4  lbs. ;  making 
140  lbs.  for  the  thirty-five  days  during  which  the  complaint  lasted «  If  from 
this  we  deduct  the  amount  of  diminution  which  the  weight  of  the  body  sus- 
tained during  the  time,  we  shall  still  have  113  lbs.  to  be  accounted  for,  which 
can  only  have  entered  the  body  from  the  atmosphere. — A  case  of  ovarian 
dropsy  has  been  recorded  by  Mr.  Ford,^  in  whicli  it  was  observed  that  the 
patient,  during  eighteen  days,  drank  692  oz.  or  43  pints  of  fluid,  and  that 
she  discharged  by  urine  and  paracentesis  1298  oz.  or  91  pints,  which  leaves 
a  balance  of  606  oz.  or  38  pints,  to  be  similarly  accounted  for.' 

147.  The  capacity  of  the  Skin  to  absorb  saline  or  other  substances  in  solu- 
tion, though  formerly  generally  admitted,  has  lately  been  called  in  question 
by  various  observers.  In  experiments  performed  by  Murray  Thomson,*  with 
which  those  of  Parisot'  and  Kletzinsky  are  in  accordance,  it  was  found  that 
DO  trace  of  iodine  could  be  detected  in  the  morning  urine,  when  a  bath,  con- 
taining half  an  ounce  of  iodide  of  pot&ssium  dissolved  in  80  gallons  of  water 
had  been  taken  the  previous  night  after  six  hours'  abstinence  from  all  food. 
Bbmolle,*  whilst  admitting  that  pure  water  is  certainly  absorbed,  and  that 
aalioe  solutions  and  some  organic  mixtures  are  sometimes  decomposed  by  the 
skin,  apparently  by  that  tissue  exerting  an  elective  affinity  for  one  of  the 
eonetituents,  to  the  exclusion  of  the  others,  states  that  in  many  instances  in 
which  he  remained  for  an  hour  or  more  at  a  time  in  baths  containing  3  oz. 
of  cyanide  or  iodide  of  potassium,  nitrate  of  potash,  or  chloride  of  ammonium, 
he  was  unable  to  discover  any  trace  of  those  salts  in  the  urine,  nor  did  he 
perceive  any  physiological  efiect  from  the  employment  of  baths  in  which  1 
lb.  of  belladonna  or  of  digitalis  leaves  had  previously  been  infused.  M. 
Willemin,  and  others,^  on  the  other  hand,  maintain  that  the  healthy  skin  is 
capable  of  absorbing  not  only  water,  but  small  portions  of  various  substances 
floluble  in  water;  the  process  of  absorption  varying  under  different  circum- 
stances, and  otlen  taking  place  very  slowly,  but  being  favored  by  a  delicate 
skin,  and  by  exhaustion,  though  it  does  not  take  place  when  the  skin  is 
actively  perspiring  from  exercise.  The  occasional  serious  eftects  upon  the 
urinary  organs  of  the  application  of  a  blister,  the  poisonous  action  of  solu- 
tions of  Strychnine,  Nicotin  and  Digitalin,'*  the  tinging  of  the  urine  with 
madder,  rhubarb,  and  turmeric  after  bathing  in  infusions  of  those  substances,' 
and  lastly,  the  remarkable  experiment  of  Schreger,  who  found  on  immersing 
the  hind  leg  of  a  puppy  for  24  hours  in  tepid  milk,  after  having  previously 
applied  a  bandage,  tnat  the  lymphatics  were  full  of  milk,  though  the  veins 


>  Trans,  of  Med.  Chirurg.  Soc.  of  Edinb.,  vol.  ii. 
'  3IedicaI  Communications,  vol.  ii,  p.  130. 

*  In  this  case,  however,  as  in  others  of  a  similar  kind,  something  is  to  be  allowed 
for  the  quantity  of  water  contained  in  the  solid  food  ingested  ;  but  this  may  be  fairly 
considered  not  to  exceed  the  quantity  lost  by  pulmonary  and  cutaneous  exhalation, 
and  dirc barged  in  the  fecal  evacuations. 

«  Edin.  jfed.  Jour.,  1862,  p.  1017.  »  Archiv.  Gen.  de  MM.,  1863,  p.  376. 

•  De  TAbsorption  par  la  TiJijument  externe,  L'Union  Modicale,  18.j3,  p.  462,  et  seq. 
See  also  Reveil,  Recherches  sur  I'Osmose,  1865;  Ore,  Gaz.  Medicale,  1865,  p.  731; 
Moiif^eitt,  Revue  Medicale,  1865,  t.  ii,  p.  53(i. 

T  Archiv.  G^n.  de  Med.,  1863,  pp.  5,  105,  325;  Delore,  Ibid.,  p.  376;  Hoffmann, 
Comptes  Rendus,  1867,  p.  722;  Clemens,  Archiv  f.  wiss.  Heilk.,  Bd.  iii,  1867,  p.  *^11 ; 
Br«mond,  Lancet,  1870,  i,  495 

•  Chrzonsczewsky,  Berlin  Klin.  Wochenshrift,  1870. 

*  Medical  Communications,  vol.  ii,  p.  180. 
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eODtdiDed  none,  are  all  fiivorable  to  the  latt-er  opiniou.  The  experimeflli  i 
Auspiiz^  i^luiw  that  tlio  abBoiptbn  of  solid  bcKliei^  {rim  ttiart-h)  aad  mtitiQtf^ 
can  be  ettecied  by  rubbing  ibeia  strongly  iuto  tli€  Bkin,  and  that  it  k  ro^te- 
rially  racUiiaUiHl  by  the  additiau  of  auy  oily  substaiicu,  Wheti  atk$^>rplii3a 
does*  take  plaee,  we  eljould  expect  thai  the  ab^>rbed  eitbsLntiees  wmtld  be 
more  reiidily  diecovemble  in  the  absorbents  than  in  the  veinn;  tor  ibeir  ito- 
bibition  takes  place  entirely  according  to  the  physical  laws  already  me*- 
ticjoed,  in  conformity  with  which  they  pass  most  readily  into  the  ve^^ 
which  present  the  thinnest  walls  and  the  largest  surface.' 

148,  Our  intcreot^e^  with  regard  to  the  ordinary  functions  of  the  Lym- 
phatic  system,  however,  must  be  rather  drawn  from  tbe  nature  of  the  dmd 
which  it  contains,  and  from  tbe  use*  subsequently  made  of  it,  than  from  , 
sucb  experiments  as  the  preceding-     We  shall  presently  see  that  there  k  %\ 
close  cor resp^m deuce  in  composition  between  the  Chyle  of  the  Lacteak  APdf 
the  Lymph  of  tbe  Lymphatics ;  the  chief  difference  being  the  prcsicfioc 
a  cousidemble  quantity  of  fatty  matter  in  the  former,  and  of  a  bir^^er  pm- 
portiou  of  tbe  astsimihible  substances  (albumen  audiibrin)  wbiebaiie  rijimllyJ 
characteristic  of  both  (§§  152,  153)*     Thi^  evident  conformity  in  the  natural 
of  the  fluid  which  tbese  two  sets  of  ve^i^ Is  transmit.  Joined  to  the  fact  tbati 
the  fluid  Lymph,  like  the  Chyle,  is  conveyed  into  tbe  general  current  i*f  ilie  J 
circulation,  just  before  the  blood  is  again  trausmiiied  to  tbe  system  " 
almost  inevitably  le^ds  to  the  inference  that  the  lymph  i*,  Jike  the 
ft  liini  lot  (#  fl  u  i  tl ,  a  ud  is  not  of  a  n  excre  men  ti  tious  eh  a  racter,  as  mo  i  n  r  :m  n  n  i 
by  Hunter  and  his  followers-     On  the  other  hand,  ihe  close  nesemhbticv 
between  the  cHJUtents  of  the  Lymphatics  and  liiiuted  Liquor  SaDguini^  swnw 
to  indicate  that  tbe  former  are  cbiedy  derived  from  tbe  lluid  porti»^f!  ^f  the 
blood,  which  has  transuded  through  the  walla  of  the  rapilhirv  lod 

has  permeated  tbe  ti^nes,  giving  up  to  them  the  materials  re<|u  i  •  uaii 

nutrition.  And  we  shall  presently  see  reason  to  believe  that  this  in^maim' 
tion  answers  the  additional  purpose  of  subjecting  the  crude  materials*  wliiek 
may  have  been  taken  up  direct  iuto  the  bloodvessels,  to  an  elalmrating  or 
preparatory  agency,  sucb  as  it  seems  to  be  the  especial  object  of  tbe  Lacteal 
system  to  exert  upon  the  nutritive  substances  which  it  serves  to  iutniddc^ 
into  tbe  circulation, — ^But  it  seems  not  impossible  that  there  nmy  be  ani>tbef 
source  for  the  contents  of  the  Lymphatic*s.  We  have  already  had  lo  allude^ 
on  several  occasions,  to  the  disintegration  which  is  continualiy  taking  place 
within  the  living  body;  whether  as  a  result  of  the  limited  duraiiou  of  tW 
life  of  its  component  parts,  or  as  a  consequence  of  the  ileeompo^ng  actitka 
of  Oxygen.  Now  the  death  of  the  tissues  by  no  means  involvefl  their  imme- 
diate and  ei>mplete  dest ruction;  and  there  seems  no  more  r^  -  an 
animal  i?hould  not  derive  support  from  its  own  dead  part^  tJ,  .  tin; 
di-ad  body  of  another  individual.  Whilst,  therefore,  the  matter  whi*  h  ha* 
undergone  too  complete  a  disintegration  to  l>e  again  employed  a»  ijiiirietit 
material,  is  carried  ofi*  by  tbe  excreting  process^,  that  jKiriion  vvbirb  h  ca-J 
pable  of  being  again  assimiiated*  may  be  taken  up  by  the  Ly  uqjbaiic  5y?«i<fau* 
If  this  be  the  case,  we  may  sav  with  Dn  Prout,  thai  '*  a  mn  of  di^jt ^iinu  m 
carried  on  in  all  parts  of  the  l>ody/' — It  may  be  stated,  then,  a;*  a  gencml^ 
proposition,  that  the  function  of  tfie  Absorbent  S?y»tein  is  to  take  up,  atMl  i 
eonvey  back  into  the  circulating  apparatus  in  a  state  of  higher  elabcimtioo. 


»  Op.  cit,,  voU  il,  p.  520. 

*  For  inueh  intore^iiii|:  informfllion  rcppeeting  the  incren&ed  enrrgy,  nqiidtiy,  tJi4 

cprtninty  of  iiction  of  vmrio(i»  polsoo*  introduced  dir<jctly  into  thecircTilsifi^ri  hv  ih# 

\  liyyuxliTiJiiC  tbudu  t>f  injec-lJun,  its  compHri^d  with  the  effects  **f  ihn  a..  r    -• 

'  when  11  ditii  til  stored  by  the  ituniiich,  i«e  thi*  Rcp^^ri  of  u  CunuuHtt^  <'  ^      t' 

Cbir.  Soc,  m  voL  v  of  Ibe  Traastietiom  of  thnt  Society. 
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dieh  iiiil»ianc€fl  as  are  capable  of  appro jjriatioQ  to  tiie  mttnttve  pnwcsti, 
itli^llter  thiise  &ub»f<lanivi*  be  directly  firriiUbed  by  ibe  external  world,  or  be 
denveil  frmn  ibe  ditiiutegmtiow  of  the  organism  iUseltl  We  have  f*eeu  tliat, 
b  ihe  Lacteal**,  the  selecLiug  power  i§  auoh,  that  the«e  ve^sieU  are  uot  dis- 
poBttii  tu  etiiivey  into  the  sy&teai  aJiy  t^ubstauces  but  &uch  a:*  are  defntbu-d  for 
lliU  purfHi6«^ ;  aud  that  re^itlily  difib^ible  mattei^  are  absorbed  m  preferetjce 
by  Ujt*  iiKi^^euterk  Bloodve^els.  The  caae  b  diifereiil,  liowever,  with  rt^gani 
|o  the  Lymphatics;  for  ihere  U  rea^tiu  to  believe  that  lliev  are  more  drnpo^eni 
thai}  the  venous  eapUlurit^  ki  the  ab??orptam  of  other  soluble  matters,  eHpe- 
ciu''  '  f  tb*-*e  are  bnjiight  iuto  relation  with  the  skin,  through  whieh  the 
L .  vessels  are  very  profu.^ely  distributed. 

H.  Of  ihe  Eiabtj^rdtmn  af  tfte  Ntttri^ni  Matarinis. — 'Sanrpiifi^^iwn. 

IVX  The  aUmeDtary  subatauces,  taken  up  by  the  Blood vesaek  and  Ab- 
porbfutj*,  ^leem  very  far  fn>tu  being  capable  of  iinniediate  application  to  the 
D»tnif-vn  of  ibe  body  ;  for  we  find  t!jut  they  an^  not  eonveyed  by  any  mean* 
dir  ';»  the  cireubitiug  curri-ut,  but  that  thos-e  which  enter  the  Gaj^tro* 

bii  <ins  are  submitted  to  the  opera tioji  of  thu  Liver,  whikt  those 

wbidi  iktv  received  iuto  the  Lacteah  ur£*  subjected  to  a  kind  of  glandidar 


L@( 


1. 


V" 


«i9Y«i-^i  r».-i.M*  J-  •   III  II.  h  mI-h.  I.-i4»u-  hi  t  wiii  ullti^f^  a^!  litcuAu^  ^Mb«  <!fiUlUlC'LiJiiJr  ^y^tefij,  eimti^j  u- 

mcCioii  wit  bill  their  own  system  ;  the  newly  absorbed  materials  in  both  cases 
middri^iiilt  considerable  ehanga^,  which  tend  to  assimilate  them  to  the  com- 
poaenU  of  tlie  Blood.^Tiie  Lympliatic  System^  consists  of  an  extensive 
aeiliork  of  v^sels  very  generally  distributed  tliroughout  the  body,  but  pres- 
Olt  in  peoiarkable  abundance  beoeath  the  Skin  and  Mucous  membranes*  In 
fegAnl  to  their  origtci  it  hm  been  shown  [§  134)  that  in  the  villi  the  lym- 

'  For  mn  iixb*tiitiv«  nccouiit  of  tlie  Anatomy  of  wlikh,  sec  v.  Het^klinghausctn, 
Sitiicktri^i  HtnmiTi  and  C^inp.  Ulstolney*  1870,  vol.  i,  pp.  297-S4G.  Sea  al^o  Klein, 
AiMkUimjr  of  tlio  Lyioiihfttic  Svittiin,  lSiS-4,  L  Serous  Membranes, 


phatics  eod  in  proce^es  like  the  finger  of  a  glove,  which,  however,  are  ; 
ably  coooected  laterally  with  irregular  passages,  cootainiiig  stellate 
th  ro ugh  wh i eh  th e  fl u i ds  absorbed  ga i  d  en t ranee  iu to  the! r  in terior*     1  ti  oibfir 
parts  of  the  body,  as  in  fibrous  and  tendtnous  tisgiues^  in  membrattes  and 
fii^ciiB,  a  peculiar  system  of  branched  cavities  h  alin*>&t  always  irimble  wh*ni  j 
proj>er  methods  of  preparation  and  observation  are  adopted.     F^i^^  -f  the] 
cavities  contaiuB  a  nucleated  mass  of  protoplasm,  which  conipl.  -  tin 

and  both  the  cavitie.^  and  their  contents  are  in  continnity  with  t-a.  n  K^iher, ' 
so  m  to  form  a  network  which  U  now  known  under  the  name  of  ftf/m/>AHnifMh 
ilmhir  ^Y^tera,*  and  the  more  or  less  branched  cell^  cootained  in  them  are 
lerme(i  hjmphattc  ceik,^  The  large  cavities  and  Te^^cle  with  which  the  lymph- 
eanalii'uli  communjeate  appear  to  be  always  lined,  whilst  their  walls  are 
sometimes  exclusively  formed  by  a  delicate  layer  of  flatteDed  epitheliai  eelk' 
An  external  membrane  is  in  the  latter  m$&  gradually  acquired,  m  the  vt^ 
mh  become  larger^  on  which  again  h  superimposed  a  layer  of  deti^  oc«nfi«c^ 
tive  ti5»5Ue,  in  which  a  few  trans  verse  muscular  fibres  may  be  di^tingtibheJ* 
It  is  a  peculiarity  of  the  Lymphatics  that  tbey  do  not  present  the  awnc 
smooth  and  regular  contour,  nor  the  same  defi»ite  mode  of  branehtn^*  thjit 
IB  met  with  in  the  Bloodvessels;  on  the  contrary,  they  run  irregalarir,  aisd 
the  walls  of  the  vessels  often  present  dilatations  or  reservoirs  in  ibeir  courw, 
whiltit  the  larger  vessels  formed  by  the  reunion  of  several  snmllf^'"  -  "-^  Am 
again  subdivide  and  reunite.    The  principal  communication   !  rbe 

Iviuphatit^  and  the  bloodvessels  is  at  the  point  where  the  great  trmiK-  rmpiy 
themselves  into  the  junction  of  the  subclavian  and  jugular  veins,  it  i^oot 
improbable,  however,  that  in  certain  regions,  as  the  cornea.  I  he  lymphatic 
canalicgli  form  channeh  by  which  the  fluid  parts  of  the  b|o«id,  witb^it  its 
morphological  constituents,  can  enter  the  rootlets  of  the  ly  - 
In  many  parts,  esj^eeially  in  the  central  parts  of  t be  nei . 
bloodvessels  run  in  ibe  interior  of  the  lymphatic  vesseli,  whidi  i\*ryi,  ar  it 
were,  an  additional  t^heath  to  them,  the  simce  l>etween  the  wall  of  the  lyin- 
phatic  vessel  and  that  of  the  bloijd vessel  being  occnpied  with  flaid  coouia* 
ing  lympli-ct)rpu35cle§.  At  certain  parts  of  the  body,  as  the  bend  ct  tbe 
knee  and  elljow*  and  in  the  neck,  the  larger  etemi^  suddenly  brenk  up  into 
a  dense  iuterladng  network  of  capillary  veeseb,  mo^t  dbtinct  in  yooDg  enb* 
jeetiS,  farming  a  rete  mtrabiis,  as  is  shown  in  Fig,  84.  This  li  sarroaiidid 
by  coodensed  connective  tissue,  and  is  penetrated  by  bloodvassels,  con^tttt- 
ing,so  to  speak,  the  fin^i  towards  the  formation  of  a  lymphatic  gland.  From 
this  simple  strueture  we  can  readily  ascend  through  a  eerier  of  glaQdllke 
organs,  gnidually  inereamng  in  eomplexity,  coinjxj-^cd  of  eeveml  of  thew 
little  retia,  arranged  either  continuously  or  in  grouj>s,  until  at  leitgtli^  by 
steps  of  easy  transition,  we  arrive  at  the  complex  structure  of  the  Lnio  If  »- 
phatic  glands. 

The  details  of  the  structure  of  the  lymphatic  glands  have  he>eu  moftl  la- 
boriously investigated  and  excellently  described  by  Hi«/  Kollikerj*  TcicJi- 


1  Baftcanalcbea  of  Ri^cklinghauscsn* 

<  S<*p  K kin,  in   Hniidbook  for  the   Ptiys^Joloijiettl   L>ilHiPjiti>fyi  ia7«    r-    1M 
ToichmAnn,  Dns  SAUgader  Sys^tem ;   l^elajf^fT,  Joureiiil  dv-  rAnnt.,  L  u 
694;  Liidwi^,  in  the  MMiKiuischtfp  jMhrlsGclK^r  of  A.  Dui'lick  imd  A,  ^ 
1863J,  Heft  ji,  pp.  3S^77,  Wit*n;  G1afiTJti3£>;l,  Ben  d.  S.  CW»*l(s.  isu    Lfi|ia«tr.  Sttw* 
18ft 6;  Wywadzoff  on  the  Lungs,  Wicn.  Med.  Jabrb./B4  xi^  Heft  iii  j  QeutmchtlM 
I.udwi^'9  ArbeiU'n,  B.  t,  1871,  p.  fi^. 

»  Auerbnch,  Kiillikrr's  Zoltschrift,  Bd.  xv^  1868.  p,  172. 

<  Si»fl  Dr.  T.  A-  C»rtcr,  Journfll  of  Anntomy  iind  Phy*^loloijf ,  1S70,  Tofl.  Ir,  p.  W, 

*  Unti?rsut'(mngen  uber  den  BftU  der  Peyur&t^hud  Dnisen,  L^ipiig,  18**2. 

•  Gcwehelehro,  1866, 
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]t]»iin,^  Fre\%*  and  v.  Re€kiinghau.?eu/  Prom  their  iDves^tigatums  we  learn 
ihmi  &acb  gland  i.^  invested  by  a  vascular  sheath  or  capsule  of  condeiieed 
cooneciivo  tifsue,  which  h  continuous  with  the  coat<?  of  the  aflorent  and 
effereot  vessels,  sending  inwards  a  number  of  thin  lameUas,  m  disposed  and 
connected  together  as  to  constitute  a  tolerably  regular  alveohited  framework 
pervsding  the  glands  exeenting  usually  near  the  centre.  The  S4ij>ta  thus 
fonned  contain,  in  Man  ana  many  other  animals,  but  especially  the  Rumi- 


r;\^- 


YeBaNHls,  tmly  psirtkllr  visible,  tram  tbe  po|}1it(FAl  ApMise,    (Mhu.) 


T»ntii«  liurnerou.^  iniijjciilar  iib re-cells,  d,  rf.  Fig,  85.  The  alveoli  are  most  di^- 
tinci  near  the  i?urfac"c  of  the  j,'laii<i,  e,t%  Fig,  85;  towards  the  centre^  in  con- 
tC(|tir*Dce  of  the  breakiri*;  up  and  irregiihir  rii.sposition  of  the  septa,  they  ai^ 
not  \i  r^  ^inpnrcat.  The  centre  of  the  ^land  i»  oecuj>ied  by  the  meduilary 
ill  .;irying  considerably  in  amount  in  different  instances,  but  always 

ro(.^t  4.,.M.Miaot  in  childhoo<l,  and  in  the  more  deeply  ^seated  glanda.  Its  re- 
liitioD  to  thf  alveoli  may  best  be  understood  by  conceiving  il  to  be  a  plastic 


il^ 


Irmr^lk 


ttCU 


aecn imitated  in  maes  at  the  centre,  and  sending  out  on  all  aidea 

ri*;  of  the  mo«t  irregular  form  and  shape,  which  do  nearly,  but 

/y,  till  tlKi  alveoli,  space§  being  consequently  left  htHween  tbe 

'i   flirm  the   alveoli^  and  the  proce^iHea  of  medullary  substance 

them*     These  are  termed  by  Frey  the  investing  space:^  of 

:jf^  reprf^Hcnted  by  If  in  Figs,  8I>  and  87.     They  are  traversed 

'  d  of  nucleated  cells  with  anastomosing  prolonga- 

I  ding  to  v,  IleckltnghauseDj  they  are  Hneti  by  epi- 

1 1  pol  y  gon  a  1  i\  i  rm ,  a  n  d  eerta  i  n  1  y  co  n  t  a  i  n  n  n  m  e  ro  u  s 

I      y  are  direi::tly  coniinuous  with  the  afferent  and  effer- 

iuti  J  nay  be  tilled  witli  injection  propelled  from  either  of  tlvi>s6 

^^ ;  though,  of  course,  on  accoimt  of  the  valves,  more  readily 


'  Of.  fh, 

.*'h    iiti   »lii<  Lympb-<i!riiKfn  dei*  Mon£<?li<*t!»  Lt*tpKig,  iSdL 
r  t  Hum.  iiJid  Curnp.  Hi*t,,  Syd.  Soc.  Trnai.,  1870, 
*  bv^  ii1m»  Iii2Jeo£eri>|  CentralbUtt,  1373,  |i.  1 10. 


Flo,  S5.— Swstlon  uf  tymishnlJc  Glimfl,  nhowitif,  a,  it,  llif  flbroii*  llwiie  whieti  fbnik*  fl»  rilcridr:  11, 
laperflelal  vui  InlVn'iiiLa :  c  e,  targvt  tlrcoli^  »e(^  tb«  turfBce;  d,  tf,  •miller  iltvoU  4»f  die  taicdM  | 
«,  «,  fibrous  irft|1«  of  til <^  alTeoli. 

Flo,  ea,— Shiiplr  tfiiipti»|jc  fllimtl.  a^lhetiitHuLff.  wiLh  if7t{Qn>i)f  Ijnii^btttcs* rf,  f  oiupftaf  diftflill 
it.  l^/liicuritr  Hnd  Uitcfc^iuiiiufiJciUtii;  |}|U9iif  1%,  pi<mie4.i«d  by  the  lyuipb^  ^^ptt^iUl 

l]riu|ih'p9ib  of  Prtf,    e,  tiuc  teni  ar  tuinlullBry  pnFtjmi  nt  (h«r  gland,  In  Uie  eetii  r  l  d«  tMrtidOi 

of  &  hlrpodt-mfwl  niif  bo  w^-ii.  Tlif  {isiih  puTttiM  hj  the  lymph  ihrough  thi?  mrdtifliiry  j»*rUi«  HMttl 
tuics  I  lie  iliM?|>  <ir  *pc'JHM!ajrf  ly  tiiiili-itflH  of  Frey* 

■  ^       "  (  rtf  tbr  M«ItilUrf  !<nl)st»oet^  of  the  Mf»ent   '         '       '     '  ~  r^  ff|j«rlMl 

V  '  ".^d   I    30tt     a.  iiittltillarf  snbstance  with  '  ituAfctftik* 

if  i  a.  few  ljriuph-(oriAi«cl«^fl;  &»  d,  siVF^Tl^^'^^l  L-^  -j-    i -  -^  '    xAatn  ni 

ituc\*-AUti  iit'listr,  e/  with  niitdeniTis  ani^ulr^moslnst  priitouiciiltouft.    Tlur  ijrin(j.h-t*onjw-  tlui 

ui«'^i  lj<«rt  *><f*ii  removed  *lth  »  ciuj)4;I*hiiU  hnwh :  fJ,  fl,  ir»becul«,  coaipimiMj  juIihuaI  n  r  nm^ 

ctrtr»t4  muveuliir  tlnue;  ^,  ft  ftw^ll  m^dallftrf  cord  or  brid^,  tH^nUlulae  m  hl(»odTc«si:]  jiua  uiyu»£i»«i 
Ijm  |>h -I'orpu  wlis. 

merous  lymjjli-corpiisclea.    It  is  Dot  boutuiid  by  any  ddiuile  meinbf&oer 

tlimigU  a  kU»«i  of  investing  wall  is  liirnjetl  by  the  eounective-tbim*  (Ibfvi 
bi^ujg  ujtiL'h  more  closely  arranged  near  tl*e  gurtace;  flu  itk,  therefore*  wUicli 
ar*."  t  irt'ulatiug  through  the  supertidal  Ivmpb-path  (6),  Figs,  ^7  i  '  -  liiy 
tilso  i?h.i\vly  purculate  through  the  medullary  portion,  and  this  c^  ihe 

deep  lymph -path  of  Frey.  The  medullary  [wrtioo  is  fnH*ly  suppiuHl  with 
blocxl vessels.  It  thus  appears  that  the  lymph  or  chyle  entrrm^j  i^Ht*  nf  the 
mesenteric  glands  passes,  under  ordinary  cirtnim-  -oi 

to  the  efferent  vessels,  through  the  superticial  lyn  tly 

through  the  investing  follicular  spaces  around  aucl  bi^tweeo  the  AlnKili; 
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though  partly  also  through  the  interstices  of  the  tissue  forming  the  medul- 
lary portion  of  the  gland,  where  it  comes  into  intimate  relation  with  the 
bloodvessels,  and  takes  up  a  certain  proportion  of  lymph-corpuscles.  When, 
however,  the  activity  of  the  gland  is  at  its  height,  as  regards  both  the  circu- 
lation of  the  blood  and  that  of  the  lymph,  as  afler  food,  the  pressure  of  the 
increased  quantity  of  the  lymph  efiects  the  dilatation  of  the  minute  pores, 
by  which  the  spaces  between  the  connective-tissue  corpuscles  and  their  pro- 
longations communicate  with  the  alveolar  investing  spaces.  A  much  more 
rapid  percolation  of  the  newly-absorbed  fluid  is  thus  permitted  through 
channels  in  which  lymph-corpuscles  are  abundantly  contained,  effecting 
the  first  step  in  its  assimilation  to  that  fluid,  into  which  it  is  subsequently 
poured,  ana  of  which  it  is  obvious  that  it  constitutes  the  pabulum.  Oidt- 
mann  analyzed  a  lymphatic  gland  from  the  inguinal  region  of  an  old  woman 
and  found  it  to  consist  of  water  71.5,  and  solids  28.5,  of  which  last  1.2  parts 
were  salts. 

150.  In  immediate  connection  with  the  lymphatics  are  the  large  sacs  or 
cavities  known  as  the  Serous  membranes,  which,  as  the  researches  of  Klein* 
have  shown,  may  be  regarded  as  lymphatic  glands  that  have  been  unravelled 
or  opened  out,  and  which  present  many  points  of  interest  in  reference  to  the 
processes  of  sanguification.  The  serous  membranes,  typical  examples  of 
which  are  presented  by  the  Pleura,  Peritoneum,  Pericardium,  and  Arach- 
noid, as  well  as  by  the  synovial  membranes  of  joints,  are  composed  of  a 
matrix  of  connective  tissue,  lined  by  a  single  layer  of  cells  termed  the  endo- 
thelium. They  form  closed  sacs,  existing  between  parts  that  are  subject  to 
friction,  the  movements  of  which  they  facilitate  by  the  extreme  smoothness 
and  lubricity  of  their  surfaces.  The  endothelium  for  the  most  part  consists 
of  a  layer  of  flattened  nucleated  hyaline  cell-plates,  the  sinuous  outlines  of 
which  can  be  brought  beautifully  into  view  by  staining  with  nitrate  of  silver. 
In  many  places,  however,  the  cells  present  a  different  character,  being  poly- 
hedral, club-shaped,  or  even  short-columnar  with  granular  contents  and 
ovoid  nucleus,  which  is  often  constricted  or  divided  into  two.  These  germin- 
ating or  young  endothelial  cells  sometimes  form  projecting  and  pedunculated 
ma«i.ses,  and  some  of  them,  closely  resembling  lymph-corpuscles,  may  be  seen 
either  simply  attacheil  to  the  general  surface,  in  the  act  of  separating  from 
it,  or  actually  free  in  the  cavity  of  the  membrane.  Tlie  matrix  of  the  serous 
membranes,  best  seen  in  such  a  part  as  the  omentum,  is  composed  of  a  homo- 
geneous substance,  in  which  are  imbedded  cells  of  various  kinds.  These 
according  to  their  form  and  arrangement  present  (in  the  omentum  of  the 
rabbit  tor  example)  two  kinds  of  lymphangeal  structures,  in  one  there  are 
patches  of  more  or  less  flattened  branched  cells  lying  in  the  lymph-canal ic- 
olar  system,  multiplying  by  division  and  growing  up  into  lymphoid  cells, 
which  are  also  contained  in  the  lymph-canalicular  system.  In  the  second 
kind  there  are  patches  and  tracts,  the  matrix  of  which  couvsists  of  a  re- 
ticulum, containing  in  its  meshes  a  variable  number  of  lymphoid  corpuscles. 
These  patches  are  usually  vascularized,  but  the  former  do  not  originally 
contain  bloodvessels,  though  they  subsequently  become  highly  vascular;  by 
coalescence  they  ultimately  form  large  tracts.  It  is  thus  apparent  that  there 
is  a  considerable  amount  of  adenoid  tissue  imbedded  in,  or  rather  forming 
the  walls  of,  the  serous  membranes.  The  proper  lijmphatici^  of  the  serous 
membrane  form  wide  vessels,  partly  accompanying  and  sometimes  invagin- 
ating  or  surrounding,  and  partly  running  independently  of  the  bloodvessels, 
the  walls  of  which  consists  of  only  one  layer  of  fusiform  endothelial  plates. 
The  larger  ones  have  valves  and  sacculated  dilatations.     The  existence  of 

*  The  Anatomy  of  the  Lymphatic  System.     I.  The  Serous  Membranes.     1873. 
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£;lomata  or  openings  OD  the  surface  of  the  serous  merubmoea  Icaditig 
lymphatic  ve^ael^,  aud  forming  therefore  a  coiuMimneattan  betwoeo  tl» 
cavity  of  the  sercme  me  and  the  mtenor  nf  the  lyniphatle  v^!«eK  wm  ife- 
monslmted  by  the  c*xpenme»ti  of  v.  ReekUnghauj^nj  aud  Dybko>iiikT» 
and  their  characters  auJ  rehuiop^  have  been  very  earefiilly  iie!*eribe*i  br 
Dr.  Klein.  He  distiuj^uishes  two  kinds,  the  true  and  the  false,  Tlie  irm 
am  either  the  mouths  of  vertical  lymphatic  ehatinels,  which  are  lined  Iw  a 
special  layer  of  iiolyhedml  cells  containing  granylar  protoplasm,  and  Imi 
into  the  lumen  of  a  ^Superficial  lymphatic  vessel,  or  they  repr^enl  a  diaeoiiClo- 
uity  between  the  endothelium  of  the  surface  leading  into  a  simplt^  lympbasic 
sinui!  near  the  surface,  lined  on  one  side  only  with  epithelium.  Tlie  &ke  or 
pseud o-stoniata  are  perpendicular  processes  which  extend  from  the  superfimi 
cells  of  the  cell-network  of  the  matrix  of  certain  nodules,  and  pass  up  be- 
tween the  endothelial  cells  of  the  surface. 

151.  The  whole  of  the  Lacteal  Lyfttphutk  system,  with  the  serous  cavities 
in  connecti*>n  with  it,  may  thus  be  looked  upon  as  constituttng  ooe  groat 
A^imihtin^  Gimtd^  disperseil  through  the  body  at  large;  for  it  do^  Dot 
differ  in  any  essential  particular  from  what  the  Kidney  or  the  Testis  would 
be,  if  it  were  simply  uuravelletl,  auil  its  convoluted  tubnli  spread  thnyogb 
the  entire  system,  yet  still  all  discharging  their  secreted  proiJucts  by  a  eon- 
mon  outlet*  In  the  cold -blooded  Vertebrata,  the  Absorbent  system  ftppf^sn 
to  attain  a  relatively  greater  developnieut  than  k  does  in  the  higher  classes; 
but  the  diifereuce  really  lies  in  the  greater  extension,  in  the  former,  of  tltose 

glandular  elements  which  are  more 
^**''  ^*  conf?cntrate<J  in  the  latter  (see  Phixc  j 

ofO>mi\  Phvs.,  S§  184--187).— wScat- 
tered  through  the  whole  letigth  of  the ' 
intestinal  mucous  membfTine,  tmm 
the  Stonmch  lo  the  Rectum,  are  cer- 
tain pet^uliar  borlieii,  which  arc  knows 
as  Pt^er's  Giands.  The*e  may  br 
either  ''solitary**  or  '* agminat'cd :'* 
the  former  being  very  generally  di#* 
tribated  throughout'  the  intcitiDal 
cmnal,  whilst  the  latter  are  nestrictcd 
to  the  small  intes^tine,  beiog  MKtft 
abundant  at  the  lower  pari  of  tli« 
ileum.  In  whatever  portion  of  tli« 
canal  they  may  occur,  they  a«*  al- 
ways limited  in  situation  to  tluit|Mm 
of  its  periphery  which  is  opfMslle  lo 
the  mesentery.  Each  "  Pejnerian 
gland/'  in  a  healthy  miicotia  mtmr 
brane,  presents  the  appearance  of  a 
circular,  white,  slightly- raised  spot,  about  a  line  in  diameter,  over  which 
the  membrane  is  usually  leas  beset  with  villi,  and  is  very  often  eotipdy  iti^ 
titute  of  tiiem;  and  it  is  surrounded  by  a  ring  of  openings,  which  are  iba, 
orifices  of  a  set  of  ciecal  follicles*  deposed  in  a  aone  around  it  (Fig.  ^) 
The  **  Peyerian  patches "  ( Figs*  88,  89 )  pre^^nt  aggregations  of  tbe^  ^P^^l 
varying  in  number  from  two  upwards,  but  every  one  of  their  iiidtvHiimll 
components  having  precisely  the  same  structure  as  the  solitary  gland*  Thii 
appears,  from  the  re?*earchesof  Bnlcke,  Kolllker,  and  others,  to  be  a  sort  < 
cap.'^ule,  who^  walls  are  composed  of  indistinctly  fibrillated  coiit  ' 
with  intefiif*i*!?ed  nuclei,  and  whoise  conit^nts  are  thus  but  imp^  -  ifcr-^ 

eotiated  from  the  tissues  in  whieh  the  gland  b  imbedded.    The  i;\jnii:iiii»  of 


Ftirtiun  of  linr  mucuus  tutfaceot  the  fad  of  the 
I  iliMiiftii  tlHtni^  m  iilrrmU'ly  1004^  {Arct,  «hiiwi[i|^ilie 
If  ejrvrinn  GtamJA,  tl)<^  orkfirm  of  Ibe  rt^tlJeles,  to^ 
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the  glands  are  made  up  of  an  adenoid  or  cjtogeuous  tissue,  the  meshes  of 
which  contain  lymph-corpuscles,  and  fatty  and  albuminous  molecules  of 
various  size;  altogether  presenting  an  appearance  of  being  the  seat  of 
rapid  changes  of  progressive  metamorphosis.  Each  follicle  is  surrounded 
by  a  large  lymphatic  sinus/  beneath  which  is  a  close  vascular  network ;  and 
according  to  the  observations  of  Frey,  which  have  been  confirmed  by  Kol- 
liker,'  capillary  vessels  pass  freely  into  the  midst  of  its  contents,  and  then 
return  loops,  as  shown  in  Fig.  89.     The  researches  of  Teichmann'  show 

Fio.  89. 


Horisootal  Section  through  the  middle  plane  of  three  Peyerian  Glands  in  the  Rabbit,  showing  the 
distribution  of  the  bloodvessels  in  the  interior. 

that  these  bodies  are  never  penetrated  by  any  lacteal  vessels,  though  their 
presence  in  the  mucous  membrane  occasions  considerable  disturbance  in  the 
usual  arrangement  of  the  lacteal  system.  The  figures  on  page  189-190 
show  clearly  the  relations  which  they  hold  to  the  surrounding  vessels,  to- 
gether with  the  general  structure  of  the  small  (Fig.  76)  and  lai'ge  intestine 

*  Klein,  in  Handlmolc  for  the  Phyt5iolo«];icnl  Liiborator}*,  1873.  p.  125. 

*  Mikroskopischo  Anntomio,  Band  ii,  ^171. 

*  Teichmann's  investiirations  were  chiefly  mndc  by  moans  of  injections  ;  but  His, 
who  exftmined  thin  sections  of  the  intestinal  mucous  membrane  after  merely  washing 
thfni  with  water  iwid  a  camel-hair  brush  (Untersuch.  iiber  den  Bau  der  Peyerischen 
Drawn,  Leipzic;,  1868,  p.  7),  maintains  the  elaborate  syt^t^^m  of  vessels  described  by 
Teicbmann  to  be  only  splits  or  Assures  in  the  membrane  between  the  follicles,  trav- 
ersed by  fibrous  cords  and  bands,  and  containins:  bloodvessels  At  the  same  time 
h<»  agrees  with  the  view  that  they  servo  as  channels  for  the  conduction  of.  the  chyle. 
H(*  considers  that  the  pr(»per  sub.«tance  of  the  parietes  of  the  follicles  is  continuous 
with  that  of  the  villi  andtubjacent  portion  of  the  mucous  membrane;  both  consist- 
inj»  of  a  matrix  of  areolar  tissue  with  nucleated  cells  imbedded  in  it,  and  of  capilla- 
rios,  the  latter  boinjj  sparingly  distributed  to  the  follicles,  causing  them  to  appear 
like  clear  spaces  in  fine  sections.  He  applies  the  term  adenoid  tissue  to  the  matrix  of 
the  (ollicles,  and  to  the  surrounding  tissue  of  the  intestitial  mucous  membrane.  The 
Li<*berkuhnian  Glands  are  imbedded  in  this  adenoid  substance,  and  immediately 
external  to  them  is  the  muscular  layer  (Briicke)  of  the  mucous  membrane.  He 
lielieves  lastly,  that  the  cells  imbedded  in  the  adenoid  substance  become  blood-cor- 
puscles. 
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Fia.  90. 


(Fig.  77).  Id  their  course  through  the  mesentery,  the  Lacteals  pasB  into 
the  bodies  known  as  the  Mesenteric  Glands,  which  stand  in  the  same  rela- 
tion to  them  that  the  Absorbent  Glands  of  the  body  generally  do  to  the 
Lymphatics. 

152.  Composition  and  Properties  of  the  Chyle  and  Lymph, — ^The  chief 
chemical  difference  between  these  fluids  consists  in  the  much  smaller  pro- 
portion of  solid  matter  in  the  Lymph, 
and  in  the  almost  entire  absence  of  fiit, 
which  is  an  important  constituent  of  the 
Chyle.  Lymph  is,  in  general,  a  color- 
less transparent  fluid,  sometimes  vellov- 
ish,  and  sometimes  turbid  or  opalescent, 
having  a  faint  odor,  salt  taste,  and  alka- 
line reaction.  Its  chemical  character*, 
according  to  Lud  wig,  vary  considerably 
at  different  periods,  and  even  in  different 
parts  of  the  svstem  at  the  same  time;  so 
'      '     ' — ' — ' — '  4000  ufe         that  of  the  fluids  taken  from  the  two 

a,  Formation  of  lymph-corpust  k-.-first  a  shape-  sidcS  of  the  UCck,  it  will  SOmctimCS  hap- 
less ag^roKation  of  niol.cuU-^  in  a  very  fint-ly-  pgn  j^h^^  one  will  COaffulatC  SDOUtane- 
granular  base,  next  aequirloK  shape,  which  is  *".,„i„  „i,:i«*  ♦!,«  «4.U^  .»».«:V.«  a.,lA 
completed  in  the  thini  object.    AtJisanendo-  "^^^^^^  whilst    the   Other   remains   fluid. 

genous  brood  of  iymph-con>uscie«.  h,  thv  perfect  A  Considerable,  though  variable,  num- 

lymph -corpuscle  ac<juiriu«  a  CL-II-wall,  closely  ad-    bcrof  COr])USClesandininuteoil-globuleS 

h,rin«  at  f.rst.and  dist.nd.-d  and  made  cK-arcr  ^^e  generally  prcscut ;  the  lymph-cor- 

in  the  la>t  object  bv  dilute  acetic  arid,    c,  first,  v  i    •       i  •   i.  • 

the  piTfect  lymph-iorpusrie,  .scarcely  affcittKi,  pusclcs  are  nucici,  which  may  acquire a 

after  havlni;  been  s<»ak«><i  in  strong  acetic  acid  :  COatillg  that  gradually  aSSUmCS  the  form 

then  pale  rells,  from  the  lymph  of  the  thoracic  of  a  Ccll-Wall,  the  wholc  then  becoming 

duct,  showini;  tb..  double,  triple,  and  quadruple  .i             ,          i,  ^  .,       i  ,^        j        t 

division  of  the  nucleus  under  the  action  of  the  "/.^  puie  Ctil  Ol    llie  imxxi.      lU  uie  ail 

same a«id.  01  acquiring  this  envelope,  however. the 

nuclei  undergo  some  alteration,  since 
they  now  show  indications  of  cleavage  under  the  influence  of  acetic  acid, 
which  previously  exerted  little  or  no  influence  upon  them.  The  stages  of 
formation  of  the  lymph -corpuscles  are  well  shown  in  the  adjoining  diagram 
after  ^Ir.  Gulliver.*     The  oil -globules  found  in  the  lymph  are  always  espe- 


.( rubier  and  Quevenne. 


In  1000  parts  of  Lymph. 


■  Fibrin,.     . 

;  Albumen,. 

I  FHt,.        .        . 

I  Kxtractivcs, 

i  Salts,     .     . 


I 


Wnter, .     .     . 
Solid  rcsiduo, . 


r»;v.».87 

00.13 

O.Afi 
42  75 
3.82 
r>.70 
7.30 


II. 


031.77 
(;."i.L>3 

0  03 
4-J.80 
0.20 
1.40 
8.20 


Marehand    i   <i,K— .. 
audCulbrrg.'  •*=<'»»"er. 


III. 


I        IV. 


Na 


V. 


OfiO  20      ,  057.60   I  940.00 
:in  -74.     !     42.40        M\  n£\ 


30.74 

5.20 
4.34 
2  64 
3.12 
15.44 


0.87 
34.72 


7.31 


60.50 
1.65 


!  DihnhardL" 

I I 

'-'■         \ 

985      ; 
15      I 


I 


6 
10 


cially  abundant  after  focKl.     The  preceding  table  shows  the  results  of  some 
of  the  most  accurate  analyses  that  have  been  made  upon  human  Lymph :' 


»  M«'«l.  Timos  and  Gazetlo,  Nov.  14th,  18C3. 
»  Virchow's  Archiv,  Bd.  xxxvii,  186»»,  p.  65. 
'  V.  Gorup-Besancz,  Pliy.siol.  Chom.,  1802,  p.  858. 
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The  Lymph  examined  in  the  analyses  numbered  I  and  II  was  obtained  from 
the  thigh  of  a  healthy  woman,  39  years  of  age ;  that  in  No.  Ill  from  a  wound 
on  the  donBum  of  -the  foot ;  that  in  No.  I V  from  a  saccular  dilatation  of  a 
liymph-vessel  of  the  spermatic  cord ;  that  in  No.  V  from  a  lymphatic  fistula ; 
and  No.  VI  from  the  thigh  of  a  patient  suffering  from  Barbaaoes  leg.  Leucin, 
Sugar,  and  Urea  have  been  found  in  the  Lymph  ;  the  latter  in  the  very  per- 
ceptible proportion  of  0.1  to  0.2  parts  per  1000  (Wurtz).  The  gases  con- 
tained in  the  Lymph  of  man  were  long  ago  investigated  by  Hensen,^  but  the 
recent  researches  of  Hammarsten'  are  more  reliable,  though  they  were  made 
upon  lymph  obtained  from  the  dog.  Hammarsten  found  about  30-32  per 
cent  of  gas  in  the  lymph,  of  which  nearly  the  whole  was  carbonic  acid,  the 
quantity  of  nitrogen  being  1  per  cent.,  whilst  there  was  only  a  trace  of 
oxygen. 

153.  In  fasting  animals,  the  composition  of  the  Chyle  appears  to  resemble 
very  closely  that  of  the  Lymph,  but  during  digestion  its  qualities  sensibly 
alter.  The  following  analyses,  compared  with  the  table  above,  will  enable 
a  comparison  to  be  made  between  the  Chyle  and  Lymph  of  man : 


In  1000  parte  of  Chyle. 

Man. 

Cow. 

Horse. 
Thoracic  Duct. 

Ass. 

Thoracic  Duct. 

Dog. 

Cat. 

Owen  Rees. 

Lassaigne. 

Simon. 

Owen  Rees. 

Schmidt. 

Nasse. 

Wnter,.     .     .     . 
Solid  residae,    . 

Fibrin,.     .     .    . 
Albumen, .    .     . 

Fat, 

ExtracUves,  .     . 
Salu 

904.8 
95.2 

Traces. 
70.80 

9.20 
10  8 

4  4 

964.40 
36.60 

0.96 
28.0 
0.40 
0.55 
5.70 

928  28 
71.57 

0.72 

49.89 
4  89 

1      11.42 

.902.87 
97.63 

8.70 
85  16 
36.01 
13.65 

7.11 

916.65 
83.35 

2.12 

85.75 

33  02 

4.03 

8.39 

906.7 
94.8 

1.30 
4890 
82.70 

*ll.'40 

The  small  proportion  which  the  oleaginous  bear  to  the  albuminous  substances 
(as  in  the  case  of  the  lymph),  in  the  first  three  of  the  preceding  analyses,  is 
probably  due  to  the  circumstance  that  in  these  instances  but  little  food  had 
oeen  taken  for  some  hours  before  death.  The  characters  of  the  Chyle  drawn 
from  the  larger  absorbent  trunks,  near  their  entrance  into  the  Receptaculum 
chyli,  are  very  different  from  those  of  the  fluid  first  absorbed  into  the  Lacteals ; 
for  during  its  passage  through  these  vessels  and  the  Mesenteric  glands,  it  under- 
goes important  alterations,  which  gradually  assimilate  it  to  Blood.  The  chyle 
drawn  from  the  lacteals  that  traverse  the  intestinal  walls  contain  Albumen 
in  a  state  of  complete  solution ;  but  it  is  generally  destitute  of  the  power  of 
coagulation,  no  Fibrin  being  present  in  it.  The  salts,  also,  are  completely 
dissolved  ;  but  the  Oily  matter  presents  itself  in  the  form  of  globules  of 
variable  size.'  It  is  generally  supposed  that  the  milky  color  of  the  chyle  is 
owing  to  these ;  but  Mr.  Gulliver  has  pointed  out*  that  it  is  really  due  to  an  im- 
mense multitude  of  far  more  minute  particles,  which  he  describes  as  forming 


»  Virchow*8  Archiv,  Band  xxxix.  '  Ludwig*s  Arbciten,  1872,  p.  121. 

•  These  oily  globules  are  more  abundant  in  the  Chyle  of  Man  and  of  the  Carnivora 
than  in  that  of  the  Herbivora ;  their  diameter  has  been  observed  to  vary  from  53  J^j^th 
to  lA^th  of  an  inch. 

♦  Gerber's  General  Anatomy,  Appendix,  p.  88;  and  Hcwson's  Works  (Sydenham 
Society  £dition),  notes  to  pp.  82-88;  and  College  Lectures  in  Med.  Times  and  Gazette, 
1863. 
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the  mok^ulor  ba»e  of  the  chyle  {n,  Figs.  91,  92).     The^e  luolectiles  are  mo^' 

nbyiidant  iu  rich,  milky,  opaque  chvle;  wbilft 
ill  priorer  chyle,  which  is*  t^emi^iraQ^tpareDt^  or 
opaliue,  the  partielc^r  fl<jat  tbini  j  or  eeparatclr 
in  the  transparent  fluids  and  ofteu  exhibit  the 
vivid  motions  common  to  the  mont  minute 
ni  o! ec u  1  ea  of  va r i o n s  ^u  bstau ces.  Sue h  b  t h eir 
minuteness  that,  even  with  the  ba^^t  instru- 
ment^j  it  m  impossible  to  form  an  exact  aj>* 
preciation  either  of  their  form  or  their  *Hm*D* 
sions.  They  seem,  however,  to  be  generally 
spherical;  and  their  diameter  may  he  eali* 
mated  at  between  laJjuilh  ami  •tJiiith 
of  an  inch.  Though  reniarkable  for  llielr  i 
unchangeablene^,  when  subjecled  ti*  I  he  ac- 
tion of  numerous  reageuta  which  quickJy 
affect  the  proper  Cbyle-eorpuseles,  they  afi 
readily  soluble  in  etherj  the  addUiou  of  uhicb 
causes!  the  whole  molecular  base  instautlT  to 
disap|>ear,  not  a  particle  of  it  remttitiiD^; 
whence  it  may  be  inferred  tliat  they  eansi^ 
of  oily  or  fatty  matter.  That  ihey  ilo  not 
ordinarily  tend  to  coale^ee,  I*  probitbly  due 
to  the  coating  of  aibuuieu  wbich  lh<jy  obtaia 
through  their  dlffui^ion  in  an  albtiRiii] 
fluid;  if,  however,  this  be  dis^Wed  by  i 
acid,  or  even  when  water  h  addeil,  nmnj 
the  molecules  are  lost  sight  of,  and  oiUlp 
appear  in  their  place.  The  milky 
which  the  8erura  of  bbKni  always  exhibits 
in  healthy  subjects  during  the  most  active 
priod  of  digesilion,  is  due  to  an  admixture 
of  tbi^  molecular  base  with  the  circulatiuf 
fluid. 

154.  During  the  parage  of  the  Chyle 
through  the  absorbents  on  the  intes^tinal 
edge  of  the  mesentery,  towards  the  Mm- 
enteric  Cflands,  its  character  changes  in 
several  important  particulars.  The  pfesence 
of  Fibrin  begins  to  manifest  itself  by  the 
slight  coagulability  of  the  fluid  when  with* 
drawn  from  the  vessels;  and  a  ft*w  Chylo- 
or  Cy  to  id*  corpuscles  make  their  apj»earaucc; 
though  these  may  occasionally  he  ob^rved 
in  the  chyle  from  a  lacteal  on  the  wall  <*f  the 
intestine.  The  corpuscles  are  most  abundant 
in  the  chyle  of  the  mesenteric  glands*  and 
become  less  numerous  again  in  the  fluid  of] 
the  thoracic  duct  (compare  a,  h,  c.  Fig,  &1),  The  average  diameter  of 
ihefee  bodies  m  about  iA«th  of  an  inch.  During  digestion  they  are  eeen 
to  be  accompanied  by  much  of  the  fatty  molecular  base  of 'the  chyle 
(a,  Figs.  91,  92),  some  particles  of  which  have  coalesced  to  form  larger 
onej^,  surrounded  by  a  thin  layer  of  albumen  (h.  Fig,  92  ^  Two,  ibrw*, 
or  more  of  th€  corpuaclei  may  be  sometimes  se^n  inclosed  within  a  common 


' — ' —  — '  Ti&riii 

Mrilteblnr  Baae  miirl  Corpuseln  of 
Clijlv.  At  n,  imtu  B  1  if  ten!  ou  tb«i  ito* 
tetUata  -,  b^  fm%a  r  mosennjrfc  jclabd  ;  ^^ 
ttom  lh<?  ree«|»uegIiuD  cbjlL  From  a 
mill. 
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cell.  The  smaller  Chyle-corpuscles  appear  like  the  Lymph-corpuscles  to 
be  io  the  condition  of  nuclei  (d.  Fig.  92);  in  those  a  little  larger,  the 
cell-wall  is  beginning  to  be  differentiated  from  the  nucleus;  whilst  in 
those  of  greatest  diameter  the  Cellular  character  is  very  distinct,  and  the 
nucleus  may  be  plainly  seen  in  the  interior,  especially  after  the  addi- 
tion of  a  little  water  or  acetic  acid.     They  occasionally  exhibit  curious 

Fic.  92. 


At  a,  i«lBimi7  molecules  of  chyle:  6,  secondary  molecules  of  chyle;  c,  fatty  globules;  d,  chyle- 
corpuscles  ;  e,  pale  cells ;  /,  red  corpuscles. 

changes  of  form ;  in  this  respect  corresponding  with  the  colorless  corpuscles 
of  the  blood,  which  are  probably  the  same  bodies  in  a  more  advanced  stage. 
The  Chyle  drawn  from  the  lacteals  that  intervene  between  the  Mesenteric 
glands  and  the  Receptaculum,  possess  a  pale  reddish -yellow  color;  and,  when 
allowed  to  stand  for  a  time,  it  undergoes  a  regular  coagulation,  separating 
into  dot  and  serum.  The  former  is  a  consistent  gelatinous  mass,  which, 
when  examined  with  the  microscope,  is  found  to  include  the  Corpuscles, 
each  of  them  surrounded  by  a  delicate  film  of  oil ;  the  Fibrin  of  which  it  is 
principally  composed  differs  remarkably  from  that  of  the  Blood  in  its  in- 
ferior tendency  to  putrefaction ;  whence  it  may  be  inferred  that  it  has  not 
yet  undergone  its  complete  vitalizatiou.  The  serum  contains  the  Albumen 
and  Salts  in  solution,  and  a  proportion  of  the  Corpuscles  suspended  in  it. 
It  is  curious,  however,  that  considerable  differences  in  the  perlectiou  of  the 
coagulation,  and  in  its  duration,  should  present  themselves  in  different  ex- 
periments. Sometimes  the  chyle  sets  into  a  jelly-like  mass,  which,  without 
any  separation  into  coagulum  and  serum,  liquefies  again  at  the  end  of  half 
an  hour,  and  remains  in  this  state.  The  Chyle  from  the  Receptaculum  and 
Thoracic  duct  coagulates  quickly,  often  almost  instantaneously;  and  few 
or  none  of  the  corpuscles  remain  in  the  serum.  The  fluid  drawn  from  the 
Thoracnc  duct,  and  from  the  Absorbent  vessels  which  empty  their  contents 
into  it,  is  frequently  observed  to  present  a  decided  red  tinge,  which  increases 
on  exposure  to  the  air.  This  tinge  appears  to  be  due  to  the  presence  of  Red 
blood-corpuscles  in  an  early  stage  of  formation.*  The  ordinary  corpuscles, 
moreover,  have  a  more  distinctly  cellular  character  than  have  those  of  the 
chyle  and  lymph,  and  they  are  of  larger  size,  their  diameter  usually  rang- 
ing from  about  i^'joth  to  fsVjyth  of  an  inch:  in  these  particulars  they  cor- 
respond with  the  colorless  corpuscles  of  the  Blood ;  as  also  in  the  change 
they  exhibit  on  the  action  of  acetic  acid,  which  brings  into  view  two,  three, 
or  four  distinct  central  particles.     The  quantity  of  lymph  which  can  be  ob- 

^  See  GulIiYcr,  Med.  Times  and  Gaz.,  vol.  ii,  1863,  p.  449. 
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tainecl  from  the  head  and  neck  of  the  dog  is  estimated  by  Kniuse'  at  one- 
third,  and  by  Weiss''  at  one-fifth  of  the  weight  of  those  parts;  but  these  pro- 
portions are  probably  too  high  for  the  body  generally;  other  experiments  of 
Weiss  showing  that  it  varies  from  one-fifth  (after  an  abundant  supply  of 
milk)  to  one-twelfth  of  the  total  weight.  Bidder  and  Schmidt'  estimated 
that  in  man  nearly  thirty  pounds  of  mingled  lymph  and  chyle  are  daily 
poured  into  the  subclavian  vein. 

155.  The  movement  of  the  fluids  taken  up  by  the  Absorbent  vessels  seems 
to  depend  upon  a  combination  of  different  agencies.  The  lower  Vertebrata 
are  provided  with  "lymphatic  hearts,"  *  or  pulsatile  cavities,  by  which  impor- 
tant assistance  is  given  to  the  onward  flow;  but  no  such  aid  is  afibrdea  in 
^[an  or  in  the  Mammalia;  yet  it  is  obvious  that  a  considerable  vU  a  tergo 
must  exist,  since,  if  the  thoracic  duct  be  tied,  it  is  speedily  distended  belov 
the  ligature,  even  to  bursting.  In  the  Lymphatics  as  well  as  in  the  Late- 
teals  of  the  higher  animals,  the  onward  course  of  the  contained  fluids  is 
probably  aided  by  the  contraction  of  the  unstriped  muscular  tissue  in  their 
walls,  assisted  by  the  action  of  the  valves;  and  to  this  perhaps  we  may  at- 
tribute the  emptiness  of  the  absorbent  system  which  usually  presents  itself 
s(mie  little  time  after  death.  Moreover,  in  all  the  movable  parts  of  the 
body,  material  assistance  is  afforded  (as  it  is  to  the  circulation  in  the  veins) 
by  the  occasional  pressure  exercised  upon  the  lymphatic  vessels  by  the  sur- 
rounding tissues  (as  the  muscles,  Paschutin);  for  while  this  pressure  is  op- 
erating it  will  tend  to  empty  them  of  their  contents,  which  are  only  per- 
mitted by  the  valves  to  pass  in  one  direction;  and  when  the  pressure  is 
relaxed,  they  will  be  refilled  from  behind.  In  the  lacteals,  special  agents  for 
the  propulsion  of  the  chyle  exist  in  the  muscular  fibres  contained  within  the 
villi,  which  c<mstitute  so  many  minute  force-pumps  that  are  perhaps  stimu- 
lated to  action  (as  suggested  by  Schiff )  by  the  irritating  properties  of  the 
bile.  When  the  lacteal  and  lymphatic  fluids  have  arrived  at  the  thoracic 
duct,  besitlcs  the  forces  already  mentioned,  their  flow  receives  an  additional 
imi)etus  from  a  vU  a  /route  derived  in  part  from  the  suction-power  exerted 
by  the  nipid  movement  of  the  blood  in  the  subclavian  veins,  the  influence 
of  wiiich  may  readily  be  proved  exi)erimentally,  and  partly  from  the  nega- 
tive pressure  exerted  upon  the  walls  of  the  duct  during  the  period  of  inspi- 
ration, the  opposing  influence  of  expiration  being  neutralized  by  the  valves.* 
Noll"  found  the  pressure  in  the  larger  lymphatics  of  the  nect  in  cats  and 
dogs  to  be  equal  to  that  of  a  colunm  of  water  van'ing  from  i  to  IJ  inch  in 
height  (10 — oO  mm.),  but  it  is  probai)ly  much  higlier  in  the  smaller  vessels. 
The  rapidity  of  the  current  in  the  lymphatics  of  the  neck  is  stated  by  Weias 
to  be  about  one-sixth  of  an  inch  per  second. 

150.  Since  the  bloodvessels  constitute  a  closed  system  of  canals  interposed 
between  the  histological  elements  of  the  various  organs,  a  continual  proce» 
of  tran.'<mhttion  must  take  place  through  their  walls,  in  order  that  the  fluids 
appropriate  to  the  nutrition  of  the  different  tissues  may  be  supplied  in  due 
pr(4)orti(>n  to  their  n.'(|uiroments.  This  eflect  is  probably  in  part  the  result 
of  the  ojwration  of  the  laws  of  Osmosis,  which  are  here  made  subservient, 
not  only  to  the  passage  of  the  nutrieiit  materials  of  the  blood  outwards,  but 
also  to  the  introduction  of  the  products  of  disintegration  into  the  circulating 


1  Zoits  f.  rnt.  Mod.,  Bd.  vii.  p.  148.  »  Virchow's  Archiv,  B.  xxii. 

3  VrTdiiuuntfs>ftftt'  und  Stntfwt'ch&i-I,  ^§  224,  285. 

*  Si'i*  NVharion  Jont-s  on  Lvniphntic  Heart  uf  Et»l,  Proc.  Roy.  Soc.|  Noa.  98  and 
101,  18«;8 

B  Dyhkowhky,  BiM-icht.  d.  Smlii^.  G.s.'ll.,  180C. 
6  Liidwig,  Pliysiol«»gie,  vol.  ii,  |».  081. 
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fluid  for  the  purpose  of  being  ultimately  discharged  by  the  excretory  organs. 
But  the  main  agent  in  the  process  appears  to  be  the  constant  and  considera- 
ble pressure  exerted  by  the  blood  against  the  inner  surface  of  the  vessels, 
effecting  a  filtration  of  its  fluid  portions  into  the  irregular  cavities  and  in- 
terspaces of  the  connective  tissue  which  are  now  believed  to  constitute  the 
true  origin  of  the  Lymphatics.  This  view  receives  support  from  the  experi- 
ments of  Tomsa/  who  has  shown  that  the  injection  of  serum  into  the  vessels 
immediately  after  death,  at  the  ordinary  pressure  of  the  blood,  is  followed 
by  the  filtration  of  a  fluid  closely  analogous  to  lymph  in  its  characters,  which 
can  readily  be  obtained  from  the  lymphatic  vessels.  And  there  is  abun- 
dant evidence  to  show  that  those  circumstances  which  tend  to  increase  the 
pressure  in  the  capillaries,  either  by  forcing  more  blood  into  the  part,'  or  by 
preventing  its  return  by  ligature  or  pressure  applied  to  the  veins  (provided 
that  complete  stoppage  of  the  current  of  the  blood  is  not  produced),  are  fol- 
lowed by  an  increased  discharge  of  lymph,  as  well  as  of  lymph-corpuscles,' 
from  the  larger  absorbent  vessels.  It  is  easily  intelligible  that  various  other 
cauces  besides  pressure  may  influence  the  quantity  and  quality  of  this  fluid, 
which y  as  Milne-Edwards*  observes,  is  poured  forth  to  irrigate  the  various 
organs  of  the  body ;  for  besides  the  important  condition  of  the  quality  of  the 
blood  (with  the  effects  of  variations  in  which  we  are  but  imperfectly  ac- 
quainted), diflerences  in  the  thickness  of  the  walls  of  the  vessels  and  of  the 
external  pressure  to  which  they  are  subjected,  may  to  some  extent  be  the 
causes  of  those  differences  in  the  nature  of  the  transudate  observed  in  Hy- 
drocephalus, Ascites;  and  Hydrocele.* — That  the  central  nervoas  sydem  exer- 
cises considerable  influence  over  the  process  of  absorption  is  clearly  shown 
by  the  experiments  of  Goltz.*  In  these,  which  were  made  upon  frogs,  ren- 
dered motionless  by  woorara,  the  brain  and  spinal  cord  were  removed  in 
some  instances,  whilst  in  others  they  were  left  intact.  In  both  sets  of  frogs 
fluid  was  injected  into  the  dorsal  lymph-sac,  and  it  was  found  that  the  fluid 
was  rapidly  carried  off  in  those  in  which  the  brain  and  spinal  cord  were  uu- 
injurea,  whilst  little  or  no  absorption  took  place  in  those  in  which  those 
organs  had  been  removed.  Nasse,^  who  has  also  investigated  this  subject, 
found  that  irritation  of  sensory  nerves  caused  increase  in  the  flow  of  lymph. 
Excitation  of  the  pneumogastric  trunk,  or  of  its  centric  extremity  when  di- 

*  The  »erum  u^cd  in  Tomsa's  exuerimonts  contained  from  G  77  to  6.26  per  cent,  of 
Krlid  re&idui;,  and  that  obtained  from  the  Lymphatics  from  6.12  to  4.86  per  cent, 
which  ifl  about  the  proportion  in  ordinary  lymph.  Paschulin,  h(»wever,  has  arrived 
at  a  diffen^nt  conclusion,  and  believes  that  variations  in  the  arterial  pressure  have  no 
influence  on  the  flow  of  lymph.  The  secretion  is  increased,  and  it*  composition  altered 
by  the  administration  of  woorara.  His  experiments  were  made  on  the  lymphatics  of 
the  fore  leg  of  the  doj;.  Sitz.  d.  Konig,  Sachs.  Gesellsch.  d.  Wiss.,  1873,  p.  95.  For 
corroborative  observations  see  Genersich  in  idem,  1870,  and  Emminghaus,  Ludwig's 
Arbeiten,  18'8,  B.  viii,  p.  61. 

*  As  was  ettVjcted  by  Mr.  Robinson  in  his  experiment  recorded  in  the  Med.-Chir. 
Trani^.,  vol.  xxvi,  p.  61,  when  the  aorta  just  above  its  division  into  the  common  iliacs, 
and  also  one  of  the  renal  arteries,  were  tied,  and  albumen  immediate!}'  made  its  ap- 
pearance in  the  urine,  being  as  it  were  forced,  by  the  increased  pressure  in  the  remain- 
ing renal  artery,  through  the  delicate  filter  formed  by  the  walls  of  the  vessels  in  the 
Malpighian  tufU. 

•  See  Cohnbeim,  Virchow's  Archiv,  1867,  Bd.  xl,  p.  1. 

*  S«?<'  his  excellent  chapter  on  Transudation  in  the  L<'9'»ns  snr  la  Phvsiologie,  vol. 
!▼,  1869.  pp.  891-446. 

•  S<*e  HaUVs  Haimastatics,  pp.  118-119. 

•  PfliWet's  Archiv,  Band  v,  p.  63.  See  also  Bernstein,  Berliner  klin.  Wochens., 
187A  n7.  28,  and  E.  Heubel.  Virchow's  Archiv,  1872,  Bd.  Ivi,  p.  248. 

^  Centralblatt,  1873,  p.  166. 
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vided,  iLugraeoted  the  flow.  The  iiiflocnce  of  the  nervous  Bjsteiw  b,  hoireij^r, 
m  all  probabilitj  onitj  indirrrf^  being  due,  in  Ckiltz's  experimeDl^f  to  the  cir- 
cum^tarme  tbat  in  the  uninjured  auimab  the  eireulation  was  inaiDtmiticd, 
wbiUt  iti  thos^e  deprived  nf  their  nervous  system  the  ve^ssels  of  the  bodj  gen- 
erally bad  lost  their  tone^  and  the  blood  accumulated  in  the  veins  of  ihe 
abdomen  and  in  other  parts  to  such  an  extent  indeed  that  little  blood  eseaped 
even  whf*n  tbo  aorta  was  divided.  lo  Naase's  experiments^  again^  the  effect* 
of  the  irritation  of  the  i^ensory  nerves  was  doubtless  to  cause  eontrtiriion  i»f 
the  ^inall  vt^el^  The  results  of  Krause's  and  Torasa^s  expcrimetit*  like- 
wise lead  to  the  conclusion  that  the  influence  of  the  nervous  sYstem  h  indi* 
reet,  fur  whilst  Tomsa  found  that  irritation  of  the  nerves  pn>eeeding  to  the 
tesitide  pnxluced  no  altemtion  of  the  quantity,  Kraui^e  obtained  both  upon 
irritation  of  the  mueou?j  membrane  of  the  mouth,  that  is  to  say  on  irriiaiinn 
of  the  fiJlh  pair  of  nerves,  bm  well  as  on  excitation  of  the  portio  durii,  «  nm- 
siderable  Increase  in  ihe  flow  ;  the  ditTerent  effect  in  the  two  vm^^  \mng 
clearly  the  result  of  the  ijitemiittent  pre^^ure  of  the  tHU9cIf4  in  ibc  flirts 
traversed  by  the  lymphatics  in  the  one  instance,  and  the  entire  absence  of 
muscles  in  the  other, 

157.  Vasculak  or  DircTLESs  Glanps. — There  !§  reason  to  believe  that 
the  office  performed  by  certain  bodies  connected  with  the  Sanguiferoud 
system^  which  po«*sc^  the  e^eotia)  elements  of  the  Glandular  sitructiire  with* 
out  any  efferent  dncts*  u  w  restore  to  the  circulating  current  any  t!rub§tiinc€« 
i^hich  they  may  withdraw  from  it;  and  there  seems  adequate  ground,  therp^ 
fore,  for  the  conclusion,  that  their  action,  whatever  it  may  be,  is  subsidiary 
to  the  process  of  Banguihcatioiij— being  exercised,  perham^  upon  that  por-  ; 
lion  of  the  nutrient  materials  more  especially,  which  ditf  not  travorsw  the 
Absorbent  system  when  first  Introduced,  but  which  was  directlv  taken  up  by 
the  Bloodvessels.  The  organs  in  question  are  the  Spleen,  &n4  the  Thymus, 
Thyroid,  and  Suprarenal  bodies.  Of  the^se  the  Spleen  de?»ervns  e«^pecial 
notice,  on  account  of  its  size  and  its  obvious  functional  importance  in  the  J 
adult;  ihe  others  appearing  to  miniiiter  more  particularly  to  the  requife-j 
tnents  of  (he  system  at  the  earlier  periods  of  life- 

The  minute  structure  of  the  Spleeti  has  recently  b(?en  made  the  subject  of  I 
careful  research  by  many  excellent  microscopic  observers;  and  the  follow-] 
ing  are  the  mo»t  important  points  which  may  be  considered  to  have  been 
established  by  their  labors:^ 

I.  The  Jib  mm  coat  in  Man  is  composetl  of  white  fibrous  tissue,  with  mn  in*  I 
termixture  of  yellow  or  elastic  fibres,  and  perhaps  a  few  fusiform  non^triated  , 
muscular  fibre^eells;  which^  however,  are  much  more  numerous  in  many  of  I 
the  lower  animaK  The  trabeetdar  tmue  consists  of  bands  and  thrt^atfi*  of  I 
fibrous  liit^ue,  which  arise  from  the  inner  surface  of  the  fibrous  envelope,  audi 

^  S(H\  Kollik**f^  Cyd*  or  AuHt.  jihd  Phy.4iJ  ,  xn}.  iv,  Art.  Spl^n  j  urifl  MtkrmlfcApfl 
Anjit,.  BU.  ii,  U  18^5-18(1;  SHndtrj*,  Gin^Mr's  Antud-i  i-f  Anat.  mtiJ  Phv?)"U  No.  I  pi 
wnd  Ediii,  Mniiihly  JniimnJ,  M»rch,  lB5l',  p,  2B6;    VVhiiftun  Jour-*,  Urii   mul  Fdr^' 
Mrtl.-Cbip    Kfvirw^  vol    3ei,  p   Si'i-   Hitxleyt  Qnitrr.   .T*nirn,  ^f  Microjiv^ip    Sck,  vol* 
iij|i  74  ;  hri4  Trrttisl.  of  K6U(lv*?r'B  Mtmmdor  Ltiunun  His^tol^iiry  (^^ycjenhwtn  S>c^  tr  i 
ToL  ii,  p*  144;  GrnVt  On  llu*  Strueturu  Hi\d  Use  of  the  Spleen  ( A*lley  C^m' 
Esftnyi  18li4j ;  K*?iiii»k,   ^InliiirS  Arehiv,  185l?;   LftTdi^T  ATiatimiischr?-HU! 
Unti-rj^uthungon  ubf*r  Fi^clic  unci  Hefitilii^n,  185S;  failfruthi  Apchiv  far  Wah,  AnnL,  J 
Bd  XI J  pp,  lOOiina  V2S  ;  An  hiv  t  Aiisit  und  l*hy.-iuU'g.,  iBivT,  p,  SSj  Crisp.  A  Trtw|l#A'l 
im   Ui**  »Spletm,   inru  ;    K.>WMli»wrNy,  Vii-ch*jw*a    Archiv,    18*) I,  p.  2<>I3 ;  Slivdn  »n«l^ 
Sfhwrii^gfir-SiL'tleli  id.,  lid,  xstiv.  ifH,  p  4J7  ;   Per^rti^icliko,  8iJjiiii\ir:ibi?r.  d.  k.  Akt^d- 
xii  Wk^n,  Bd.  Iv  nihI  Ivi,  nnd  Mall^-r  in  Goit   Kwi'd  ,  1862-1863;   W.  MiiUi-r,  McitiiN. 
prNpb  riTi  iht^  Spleen,  LHpskrj  I8<i6,  Mnd  Slpiekf-f*!  MuhuhI  of  Hlttology  (Syd.docj 
Tr«riJ*l  )t  voL  i^  p.  S4a 
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form  a  network  that  extends  through  the  entire  organ,  becoming  connected 
ako  with  the  fibrous  sheaths  of  the  vessels  which  penetrate  it.  These  bands 
are  partly  muscular  in  those  animals  which  have  muscular  fibres  in  the  ex- 
ternal envelope;  but  elsewhere  they  arfe  simply  fibrous.  The  spaces  left  by 
their  intersection,  which  are  by  no  means  regular  as  to  eithei*  form  or  size, 
are  occupied  by  the  splenic  corpuscles  and  splenic  parenchyma. 

II.  Of  the  Arteries  of  the  Spleen,  it  is  chiefly  to  be  observed  that  their 
branches  form  no  anastomoses,  but  subdivide  and  ramify  like  the  branches 
of  a  tree,  with  the  Malpighian  corpuscles  attached  to  them  as  fruit  (Fig.  93). 
Beyond  their  connection  with  these,  however,  they  enter  the  general  mass  of 
the  splenic  parenchyma ;  and  here  each  twig  subdivides  into  a  tuft  of  arteri- 
oles still  more  minute,  which  either  pass  directly  into  capillary  veins  (Bill- 
roth) or  again  subdivide  into  the  true  capillaries.  At  tneir  entrance  into 
the  hilus  of  the  organ,  the  arteries  receive  a  sheath  from  the  capsule  com- 
poaed  of  fibrillar  connective  tissue,  with  numerous  elastic  fibres,  and  a  mod- 
erate proportion  of  cell  elements.  Where  the  arteries  separate  from  the 
veins,  and  are  not  more  than  7^th  to  t4t^^  ^^  ^"  ^^^^  ^^  diameter,  the 
sheaths  become  much  looser  and  converted  into  a  cytogenous  tissue. — The 
Capillaries^  bounded  only  by  their  very  thin  walls,  pass  in  every  direction 
through  the  spleen-pulp,  both  in  the  general  mass  of  the  organ,  and  also  in 
the  interior  of  the  Malpighian  corpuscles.  But  it  is  affirm^  by  Mr.  Gray, 
with  whom  Stieda  and  W .  Miiller,  and  still  more  recently  Stoff  and  Hasse,^ 
agree,  that  in  the  Spleen  of  Man  and  of  many  other  animals,  the  walls  of 
the  capillaries  frequently  disappear,  and  that  the  blood,  in  passing  from  the 
minutest  arteries  to  the  minutest  veins,  moves  in  great  part  through  lacimm^ 
or  mere  channels  in  the  pulp-tissue.--Of  the  Veim,  the  idea  has  been  gen- 
erally entertained,  that  they  are  dilated  into  cavernous  spaces  or  sinuses ; 
but  this,  though  true  of  many  of  the  lower  Mammalia,  especially  of  rumi- 
nants and  divmg  animals,  is  the  case  to  only  a  very  limited  extent  in  Man. 
Their  mode  of  ramification  closely  resembles  that  of  the  arteries ;  and  they 
are  unprovided  with  valves. 

III.  The  Parenchyma  of  the  Spleen  essentially  consists  of  cells  in  various 
stages  of  evolution,  imbedded  in  a  granular  plasma  (the  periplast  of  Hux- 
ley); thus  corresponding  in  every  essential  particular  with  the  contents  of 
the  Peyerian  and  absor^nt  ^landulse  (§  156),  and  giving  evidence,  as  they 
do,  of  being  in  a  state  of  rapid  developmental  change.  The  amount  of  this 
colorless  parenchyma  is  stated  by  Mr.  Gray  to  undergo  a  marked  increase 
towards  the  end  of  the  digestive  process,  when  a  large  quantity  of  new  ali- 
mentary material  is  being  introduced  into  the  sanguiferous  current;  whilst, 
in  the  intervals  of  this  operation,  it  undergoes  a  gradual  diminution. — The 
peculiar  Splenic  Corpusdes,  or  "Malpighian  bodies  of  the  Spleen,"  are 
whitish  spherical  bodies,  which  are  connected  with  the  smaller  arteries  by 
short  peduncles,  like  grapes  with  their  fruit-stalks,  or  are  sessile  upon  their 
sheaths  (Fig.  93).  Their  diameter  usually  varies  between  one-third  and 
one-sixth  of  a  line;  smaller  bodies,  however,  are  met  with,  which  appear  to 
be  Malpighian  corpuscles  in  an  earlier  stage  of  evolution.  The  boundary  of 
each  is  an  indistinctly  fibrous  membrane,  which  appears  to  be  partly  formed 
by  the  metamorphosis  of  the  external  cells  of  its  contained  parenchyma,  and 
to  be  partly  derived  from  the  fibrous  coat  of  the  artery  to  wliich  it  is 
attached.*    And  its  contents  correspond,  in  every  essential  particular,  with 


>  Ceninilblatt,  1872,  p.  758. 

■  It  ha*  been  commonly  supposed  thnt  the  Malpighian  corpuscles  are  invested  l»y 
adittinct  limitary  nipmbrane,  like  the  acini  of  ordinary  Glands;  but  such,  from  the 
tfbflerTations  of  Wharton  Jones  and  Huxley,  would  clearly  seem  to  bo  not  the  case. 
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the  eolorless  parenchirma  in  which  they  are  imbedded.     Their  walls  arr 

cohered  mih  a  plexus  of  capUliinc?* 
*^°  ®^'  and  branches   from  theae  tmrcree 

their  interior,  just  m  m  the  rm«?  of 
the  Peyeriaa  and  Ab^orbeoi  glanda- 
]m.  The  number  aod  size  of  the 
Malpighiau  corpuscles  bemr  a  re- 
markable relation  to  the  g^tieml 
state  of  nutritioii;  being  roticb  the 
greatest  id  healthy  well  fed  anioiil^, 
whikt  in  those  that  have  been  ill* 
fed  they  diminish  extremely,  and 
in  those  that  have  been  starved  I  hey 
disappear  altogether.  Hence  ii  hafi 
happened  that  their  existence  in  the 
Humao  species  has  been  deuied ; 
the  opportunity  of  examining  sub- 
jects not  reduced  by  previouii  ab- 
stinence, being  one  that  cotupani* 
lively  seldom  occurs.  There  m  no 
doubt  J  however,  of  their  iionnaJ 
presence  in  the  spleen  of  Man,  as  io 
that  of  other  Mammalia, — DitTused 
amidst  the  colorless  par^'nchyiim, 
b tit  i n  ve ry  va ria blc  a m ou tv t ,  rol&rtd 
cells  are  fouDd,  some  of  w Inch  are  un- 
changed blood-corpuscles,  whilst  others  appear  to  be  bloodnlisk^  In  variuun 
stages  of  retrograde  nietamorphfjsis ;  these  gradually  diminishing  in  ^i^t^  and 
a^'suming  a  golden-yellow,  brownish-red^  or  even  blackish  color,  or  having 
the  pigmentary  matter  crj'stallized  in  a  rod-like  form  in  their  iuierior;  or. 


Bniich  of  splenic  Arli^rf^tKp  mirtlftcAUflOsiif  whlcb 
■1%  »lyddc4  villi  Mitipigbiau  cor{iuirle«. 


Fio.  9A. 


Ifil|i!sfiiaik  ctir|M]M:]«  from  Ihe  aplaen  af  the  Redjffthdit,  ultb  Hm  THCuEmr  ■Bprptf!  h,  ffiltnk  pitt|^ 
wilb  the  iMlermt-dUry  Uood-  imwmn :  c,  tlie  Toollut*  of  tbe  ttids. 

again,  breaking  up  into  detached  pigment-granules.  Occasionally  i  ihoup 
very  rarely  in  the  Human  tiubject)  little  clusters  of  from  1  to  20  of  i^uvh  de- 
generating blood -corpuscles  are  found,  included  in  a  vesicular  env  nfl^ 
nally  figured  by  Mr.  Guiliver.*    Several  of  th^e  bodiea  are  seen  n           .>  -od 


Lond.  ftod  Kdia.  PhiU  Mag.,  \M2,  p.  169|  Fig*  3. 
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of  the  Splenic  vein ;  and  it  has  been  hence  concluded  by  some,  that  they  do 
not  constitute  normal  elements  of  the  Splenic  parenchyma,  but  that  they  are 
either  contained  in  its  capillaries,  or,  if  actually  difiiised  through  the  pulp, 
are  so  as  a  result  of  an  abnormal  extravasation.  These  conflicting  views 
may  be  reconciled,  if,  as  stated  by  Mr.  Gray  and  W.  Miiller,  the  splenic 
blood,  in  its  passage  from  the  arteries  to  the  veins,  ordinarily  escapes  from 
the  walled  vessels  into  indefinite  channels  traversed  by  connective  tissue,  so 
that  its  corpuscles  may  become  diffused  through  the  parenchyma  without 
any  departure  from  its  regular  course ;  and  it  is  a  confirmation  of  this  view, 
that  the  amount  of  colored  corpuscles  in  the  spleen-pulp  augments  with  the 
general  turgesceuce  of  the  vascular  system,  and  diminishes  with  the  pov- 
erty of  the  blood,  so  that  in  animals  reduced  by  ill-feeding,  it  disappears 
altogether. 

lY.  The  Lympludics  of  the  Spleen  are  few  and  inconsiderable  in  Man ; 
being  less  numerous  than  in  other  glandular  orgaus,  such  as  the  liver  and 
kidneys.  In  some  of  the  lower  animals,  as  in  the  horse,^  they  are  more 
abundant,  and  form  two  systems,  one  of  which  may  be  followed  into  the 
interior  of  the  organ  acompanying  the  larger  arteries  and  veins,  and  invest- 
ing the  smaller  vessels  with  a  distinct  sheath,  between  which  and  the  parietes 
of  the  bloodvessels  numerous  lymph-corpuscles  may  be  found,  whilst  the  other 
forms  a  plexus  in  the  trabeculae.' 

v.  The  Nerves  of  the  Spleen  are  apparently  very  large  in  some  animals, 
especially  in  the  Ruminants;  but  the  great  size  of  their  trunks  and  branches 
is  chiefly  due  to  the  large  proportion  of  ordinary  fibrous  tissue  which  enters 
them ;  the  number  of  real  nerve-fibres  being  extremely  small. 

VI.  The  chemical  composition  of  the  Spleen  is  indicated  by  the  following 
analysis  of  Oidtraann :  In  1000  parts  were,  water,  750.31,  solid  residue, 
249.69;  of  the  latter,  242.32  parts  were  organic  substances,  and  7.37  inor- 
ganic. Amongst  the  organic  substances,  albumen,  fats,  inosite,  lactic,  formic, 
succinic,  acetic,  butyric,  and  uric  acids,  sarkin,  xanthin,  leucin,  pigment, 
and  much  cholesterin  have  been  distinguished.  The  most  remarkable  cir- 
cumstances respecting  the  inorganic  constituents  are  the  large  relative  quan- 
tity of  soda  salts  and  of  oxide  of  iron.*  From  the  observations  of  Mr.  Dob- 
son,*  which  have  been  corroborated  by  other  observers,  it  appears  that  the 
Spleen  attains  its  maximum  volume  at  the  time  that  the  process  of  chymi- 
fication  is  at  an  end,  namely,  about  five  hours  after  food  is  taken  ;  and  that 
it  is  small  and  contains  little  blood  seven  hours  later,  when  no  food  has  been 
taken  in  the  interval.  The  removal  of  this  organ  from  the  body  has  been 
performed  even  in  man  without  serious  effects;  whilst  in  some  instances  in 
animals  perfect  regeneration  has  occurred,  which  is  probably  attributable 
to  the  hypertrophy  of  the  little  splenculi  so  often  present  in  the  immediate 
vicinity  of  the  Spleen;*  in  others,  enlargement  of  the  lymphatic  glands  in 
various  parts  of  the  body,  as  the  neck  and  axillse,  have  been  observed. 
Maggiorani*  noticed  a  deficiency  in  the  amount  of  iron  contained  in  the 
blood-corpuscles;  and  in  the  dogs  operated  on  by  Dr.  Dalton^  an  unnatural 
appetite  and  ferocity  of  disposition  were  exhibited,  which  may  perhaps  be 
attributed  to  imperfect  assimilation  of  the  food  they  consumed. 

158.  The  history  of  the  development  of  the  Spleen,  which  was  studied  with 

*  See  Torasa,  in  Sitz.  d.  k.  Akud.  zu  Wion,  Bd.  xlviii. 

*  S»*e  Kybor,  in  Max  Schulte's  Archiv  fiir  Mikroscop.  Anat.,  Bd  viii,  1872,  p.  6G8. 

*  V.  Gorup-Besanez,  Phvsiolog   Choniie,  18G2,  p.  6G0. 

*  Lond    Med.  and  Phys' Joiirn.,  Oct.  1820. 

*  Phillipeaux  and  Maver,  C   Rcndus,  1801,  p.  547. 

*  Cumptet  Rendus,  1861,  p.  319.  "^  Human  Physiology,  1871,  p.  203. 
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mtich  care  by  Mr,  Gray,^  preseots  facte  of  great  interest  as  aiding  in  t\\p 
de  term  illation  of  the  fuoctiooal  character  of  ibis  organ,  and  of  th«  naUm 
of  iU  com  poo  en  t  parts. — It  arises  in  the  Chick  between  the  fourth  and  fiftl) 
days  of  incubation,  in  a  fold  of  membrane  which  connects  the  iolestiiml 
canal  to  the  spine  (the  "  me^oga^trium  "),  as  a  small  whititih  uiHse  of  bla^ 
tetna,  perfectly  distinct  from  both  the  stomach  and  the  pancreas^  from  tli«  i 
former  of  which  it  hasi  been  Fa  id  by  Bis^choff',  and  from  the  latter  by  Arnold, 
to  take  its  origin.     The  external  capsule  and  the  trabecular  ti&suc  are  de- 
vcl<j|)ed  between  the  eighth  and  ninth  days:  the  former  a>*a  thin  membr«D<i 
conipo^d  of  uucleated  fibres;  the  latter  consisting  of  flimilar  fibre**,  which 
intersect  this  organ  at  fii^t  sparingly,  and  afterwards  in  greater  quantity. 
The  blood ves^ls  of  the  organ  are  formed  within   itself,  indej^endenil?  of 
tho»?e  which  are  exterior  to  it ;  and   bhmd-corpn^-les  are  also  observed  to 
originate  in  the  subsianfe  of  \U  blaMema,  their  formation  contiuning  until 
Its  connection   with   the  general   vomnilar  system  is  eompleled,  at  which 
period  their  development  appears  to  cease.— The  pulp-tissue,  at  an  earl? 
period  of  its  ibrmation,  closely  cori^esponds  with  that  of  the  Suprafemil 
and  Thyroid  bodit^  in  their  earliest  sttages  of  evolution;  conslstinj^  of  nu- 
clei, nucleated  ve&icles,  and  a  fiue  granular  plasma,     Penamei^cbko*  and 
Cohnheim*   have  also  noticed  peculiar  amcpbiform  cells  or  prtaoplasinnc 
bodies  jo  be  constantly  present  in  the  embryonal  spleen,  and  in  the  splenic 
pulp,  hilt  their  function  is  unknown.     When  the  splenic  ve^s&elfe  are  ^^eing  I 
formed,  many  of  the  al>ove-mentioned  nuHei  are  surroujidcd  by  a  f|uantity| 
of  fine  dark  granules,  arranged  in  a  circular  mode;  and  these  apjieur  to  be  I 
developed  into  nuclcaterl  vesicles,  of  which,  when  the  splenic  vein  h  tbnutd,  i 
nearly  the  whole  pulp  is  composed ;  the  uuclei  of  these  subsrcquently  break 
np  into  a  mass  of  granules,  which  fill  the  cavities  of  the  vesicles.     The  Mol-  ! 
pighian  corpuscles  are  developed  in  the  pulp  at  the  angles  of  divii^sidn  of  I 
the  smaller  blood  vessel  s»  by  the  aggregation  of  nuclei  into  cireuhir  maswes, 
around  which  a  line  membrane  is  suhsequently  formed.— Thus  during  f*Hal 
life  we  have  evidence  of  a  prot'e;^  of  cell-growth  ami  maturation,  folhnved  i 
by  cell  destruction,  in  the  colorless  parenchyma.     The  largest  projiortiomtl 
size  and  the  greatest  functional  activity  of  the  8pleen,  however,  st?cm  to  be  j 
exhibited  during  adolescence  and  the  most  vigorous  perioil  of  adult  life,  iti  | 
prop<^rtionate  weight  to  the  whole  body  Ijcing  then  as  1  :  320  or  4(MX 

151),  The  Supmr^nai  bodie?;  in  Man  and  most  Mammalia  pre^nt,  like  the  \ 
kidneys,  a  division  into  cortical  and  medullary  suh^ianccs;  the  inner  por- 
tion of  the  former  having  a  remarkably  dark-bVown  hue.     Theeortiml  sub- 
stance, divided  by  Arnold  into  three  zones,  named  Z.  glomerulosii,  liucicu- 
latE,  and  reticularis*  is  principally  furmetl  of  a  stroma  of  connective  tisi^iut^,  j 
in  arranged  as  to  leave  a  series  of  oval  spaces  lying  end  to  end  with  s^*m*j 
in<listinct  indications  of  a  tubular  structure;  the  spat*es  or  tubes  are  filk-cl 
with  a  finely  granular  plasma  containing  a  large  number  of  fat-pariich*!«, 
nuclear  corpuscles,  and  cells,  some  of  which  are  small,  spherical,  or  rtdnailJ 
with  large  nuclei   and  finely  granular  contents,  whilst  othei^  are  Urge,  I 
coarsely  granular,  with  indistinct  nuclei,  and  much  fat  in  their  inteiior*    The  I 
mrduUarjf  substance  consists  of  a  basis  of  fihroua  tissue  which  is  eontinuoudj 
with  processes  that  come  off  from  the  sheath  of  the  cortinil  suljjitance,  and( 
iupports  a  plexus  of  tubes  filled  with  fiuelv  stellate  or  pidygonal  granular 
cells,  together  with   numerous  bloodvessels  and    nerves:*      Holm,   in    the 


*  OnlheDoTdopmeTittftf  the  DuctlfM  Gtunds  in  the  Chick,  in  Philosophical  Tr*na- J 

J  Wlf^Ti  At'ud.  SiiziiT)i;*her,,  18H7,  Bfl   \v  nxid  Ivi. 

*  Vifchow**  Archiv,  IJd.  Jtstiiii,  p.  811. 

*  See  Art*  SupriipenAl  Ci*pftule  in  Cyelop.  of  AnjvL  nnd  Phy*ioh,  vob  iv  \  KiillikfT,  ] 
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^niretial    IkmH*^  of  oxeo^  ftiyiid^  amongst  other   chemical  coustitumitsi, 

iitc',  with  hypoxantUin,  tauriu,  probably  leuein,  and  au  alkaline  color- 
ing matter.     The  i^upmrenaJ  bodies  are 
liU>ri.*  biglily  supplied  with  nerv^  tUaa 
other    glaudlike   structure   lu   the 

]y«  Kolliker  counted  no  1e.s3  than 
lliirty-Uin-e  branches?  proceeding  to  one 
of  these  bmlies,  derived  from  the  sym- 
pathetic^ pneumogas^tric,  and  phrenic 
nerve*,  and  winch,  after  pnssiing  through 
the  mrlic'iil,  formed  a  den^e  plexuis  in 
the  meduJUry  portion.  In  iKith  part.^, 
niulti<^andntc  ^angUon-ceUs  are  present, 
'i  Brown-S^qmird^  found 
Ui^i  r  ihe  iSopnireiml  Capi^nlea 

wma  onihiniily  fata  I »  yet  Phillipeaux,^ 
Hiirlry,'  am)  timtioJet*  fiave  ^hown  that 
tbU^^eet  is  rather  attribumble  to  hiem- 
»rrh»ge  iind  thc^  unavoidaijle  injury  to 
the  iii'nt*,  and  esjiecially  to  the  semt- 
lunar  ^ingtia,  attendaut  ujkiu  the  oper- 
aticin,  than,  as  Hrown-H^quard  believed. 

the  retention  of  some  puisonims  j4ub- 

iKCf^  in  the  circndalioii^  which  it  h  the 
of  I  h e^e  ben  11  e^^  to  rem o ve ,  O f  1  ate 
oincb  imporianee  hm  been  attached 

the   study  of   the  dii-eagcs   of   the#© 

101?,  from  the  observation  of  Dr  Ad- 

dWin,  that  i*nch  vnbQs  are  freqnentiy  as- 
gncinird  with  the  deponilion  of  pigment 
in  .,  eansiiag  it  to  a6^«iume  a  deep 

lir-:  .  ..  r.  Harley,  Parke*^/  and  many 
olli€f«  have,  however,  ishowu  llmt  b  ron st- 
ing ftf  if  le  §kin  may  be  present  and  yet 
thi*  fiiiprarenal  capaale*  he  healthy;  whilst 
Dr.  Kirk«?§^*  Davy,  and  others  have  re- 
conipil  cai-c*  in  which  dij^easj^e  was  prej^eut 
in  one  or  Kiih  of  these  organs?,  vet  no 
bromxiiig  of  the  skin  neeurred.  J^nrther 
iu<iniry  i!*  therefore  retpiisite  to  determine  whether  the  disease  of  the  cap- 
jfole*  and  the  disco  I  oration  of  the  ^kln  really  stand  in  the  rclatitm  of  cause 
ftod  t* fleet. 

1*^J.  Tf?e  developmf^it  of  the  Suprarenal  bodies  also  has  been  stndied  hy 
V  f  ■  'C,  cit. ).'   Thtjy  ari^  in  the  meso blast  before  the  seventh  day  of  in- 

co'  -  two  iH^parate  ma^se*  of  blastema,  i^ituated  between  the  upj^er  end 

«f  die  Wolffian  bodies  and  the  sides  of  the  aorta;  being  totally  independent 

Mil:r*j*k*-{^  Aunl.  ;  Ht'nk%  Hii[icJi)iJt!N  dvr  Sy»lem.  AriHt.,  Bd,  ii,  Iftftfj,  p.  ftbl  ;  also 
GoHv.  r-.  AfUH'Tidix  to  (iurber'b  A  mil.,  p.  103,  ami  Fics,  2U(»  nntj  2fi7;  Hiilm,  Mole- 
■rl  rmth.,  18»17,  B»!.  i,p.  4ri»i;   ArnntsJ*  Vircliow'i  APchiv,  I8ft6 ;  Eberlb, 

tfi  ^  tlurnun  mid  Cotnp.  Ht*t*>lo}rv%  vnL  W^  1872,  p    110, 

tn  hi  Vhjti  ,  vriL  i,  Ift^jRt  p    UIQ.  »  0>mptfs  Ri-hi^u*,  1850-57. 

-r.  Rev.,  imn,  vi»l.  i.  p.  200,  *  Cotnptea  Rendu.^,  18&«, 

ind  Giiz.,  18f»a.  p.  6G^. 
*  a;    IMr/EI,  p.  ilO. 

'   -    .    -  ^ .4<0ioit  *»r  tin*  develojmipnt  of  IHp  8iiprnreiiiil  cnpBules  eeo  A*  v, 

Bcttan,  la  ^tiuHx«'t  Arcbiv,  Band  viii»  1872,  p.  OlS. 
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Vefilcfll  i*<.'tloii  ttf  Bit  [If  tire  II  111  Cup^ntc'  of 
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lerQiL  cell  uiELn»M;  «,  lu  dulUr;  iubsiAUCt; 
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(as  ooneornf^  their  (kvelopraent)  of  those  bodies  and  of  each  other.    The 
cortical  anil  metiulkry  pcirtiotis  have  a  disttincl  orig-iu.     From  &u  cjitIt 
jieriod  their  minute  structure  be^rs  a  close  resemblanoe  to  that  of  the  spleeij, 
consbtiijg  of  the  same  elements  as  that  gland,  eEcepting  in  the  exisleuc*  wf  ' 
more  numerous  dark  granules,  which  give  to  the  organ  ai  a  later  i»vri(xl  an 


opaque  and  darklj-granular  texture;  and  the  general  history  follows  a  vitjj 
Bimilar  conrse:  the  Huprarenal  capsules,  however,  acquiring  their  character- 
i.stic  structure,  and  attaining  their  largest  relative  size,  so  early  in  fcptal  life, 


as  to  surpass  the  Kidneys  in  dimension  up  to  the  tenth  or  twelfth  wi-i'k  of 
Huraan  embryonic  development;  though  they  afterwards  diminisih  ^>  murh 
relatively  to  the  Kidneys^  as  to  possess  in  the  adult  condition  only  ^^gth 
part  of  their  bulk. 

ir>2.  The  general  structure  of  the  Thymus  Gland  may  be  beat  uniler^tiKxl 
from  the  simple  form  it  presents  when  it  is  first  capable  of  lieing  diitio-  i 
guii?hedjn  the  embryo.    It  is  then  solid,^  but  j^oon  breaks^  down  in  the  f^entml  i 
part  so  a§  to  form  a  single  tube,  closed  at  both  ends,  and  filled  with  gniniilitr  I 
matter;  and  itw  subsequent  development  consists  in  the  lateral  growth  of  1 
branehing'Off  shoots  fmm  this  central  tubular  aiigi.     In  its  mature  stute,  [ 
therefore,  it  consists  of  an  assemblage  of  hollow  glandular  lobules^  united 
together  by  connective  tissue ;  and  their  cavities  all  communicate  with  the 
central   reservoir,  from  which,  however,  tliere  is  no  outlet  (Figs.  l>6,  i*! >  ' 


Fjo>  MT, 


Fio,  97* 


Fit*.  VT.^Seolloti  of  HumiQ  TUymna,  ihawtng  the  Ufg*  caritj  In  Ibe  wide  portloD,  acid  iit»ia«rMi« 
orlfiL't^  IcuUtig  to  lU  lotiiilsr  citUIm. 

Each  lobule  is  bonnded  externally  by  an  iudietinctly  iSbrousi  or  all 
homogeneous  membrane  (Fig,  96,  a\  which  sends  prolongations  (6)  in| 


^  JendraMtk,  Sit^uogiboricht  d.  Wien  Akad.p  IS&O,  Bd.  iiii,  p.  Ilk 
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substance,  that  divide  it  into  ''acini"  or  gland-granules.  Isolated  gland- 
granules  of  the  same  kind  are  frequently  to  be  met  with  on  the  main  canal 
(Pig.  96,  c).  The  parenchyma  of  each  lobule  or  follicle  is  made  up  of  a 
plexus  of  connective-tissue  fibres  with  interspaces  which  contain  lymph- 
oorpuscles;  larger  coarsely  granular  spheroidal  bodies  composed  of  proto- 
plasm, and  containing  one  or  several  nuclei  ;^  and  HassalFs  concentric  cor- 
puscles, which,  as  Ecker  has  pointed  out,  may  be  either  simple  or  compound. 
The  former  are  spheroidal  vesicles  with  a  concentrically  stnated  investment, 
and  either  contain  a  homogeneous  substance  exhibiting  fatty  lustre,  or  con- 
tain granular  material  and  a  nucleus  in  their  interior.  The  latter  are  much 
larger  bodies,  and  consist  of  several  simple  vesicles  inclosed  by  a  conceutri- 
cUly  striated  common  investment.  Both  forms  become  more  numerous  as 
the  gland  advances  to  complete  maturity.  The  vesseU,  which  are  numerous, 
especially  during  the  period  of  the  functional  activity  of  the  organ,  pene- 
trate the  follicles  at  many  points  of  their  surface,  and  anastomosing  fre- 
quently form  a  close  plexus  in  the  interior  (Fig.  98).  Between  the  vessels 
and  attached  to  them  as  well  as  to  the  connective  tissue  of  the  septa,  an 
exceedingly  compact  but  very  delicate  network  is  extended,  chiefly  formed 


Fig.  9«. 


Flo.  99. 


Fio.  98.— Tmnaverse  section  through  an  lujected  lohulc  of  the  Thymus  in  a  child :  a,  menihranous 
iDTentment  of  the  lobule ;  6,  membrunc  of  the  gland-granules ;  c,  cavity  of  the  lobule,  from  which  the 
Urf«'r  Te»cls  branch  out. 

Fig.  99.— Thyious-juice  rich  in  corpuscles,  with  a  few  secondary  molecules,  and  the  structureless 
mlnotely  granular  b«se. 

by  the  anastomosing  branches  of  multipolar  cells,  in  the  interstices  of  which 
are  numerous  lymph-corpuscles;  in  addition  a  narrow-meshed  network  may 
be  observed,  which  is  formed  by  the  prolongations  of  the  interfollicular 
lymphatic  vessels.  The  whole  structure  of  the  follicles  resembles  that  of 
the  Peyerian  bodies. 

163.  The  lymphatics  of  the  interior  of  the  follicles  o])en  into  cavities  lined 
by  endothelium  surrounding  the  follicles,  which  again  communicate  with 


*  See  Prof.  Kolliker's  Mikri>«cop  Amit.,  J  208;  Mr.  Simon's  Physiologioil  Es.«ay 
on  the  Thymus  Gland;  pproin»»schko,  Zcits.  f.  wiss  Znol.,  H<3.  xxviii,  p.  147;  Mr. 
GuUiveT*§  L<^cturo,  iv.  Mod.  Timo-»  and  Gmz.,  1803.  vol.  ii,  p.  503;  nnd  Klein  in 
8tricker*g  Manual  of  Histology  (Syd.  Soc.  Transl  ^,  vol.  i,  p.  366. 


sm 


OF    ABSORPTION    AND    SANOUIFIC ATIOK* 


elongated  spaces  im bedded  in  the  tmbeculffi  and  capsule  of  the  glatnl*    Xbt 
chemical  uonstititent^  of  the  Thifmus  are  water,  albumen,  gelatiUt^ugir,  fiiti, 
letJciiit  and  mrkit),  with  xauthic,  formic,  acetic,  succioic,  and  iaetic  acid% 
and  the  ordiuary  inorganic  e&h^^     The  expressed  juice  of  the  ThyniOa 
{Fig,  09)  in  young  and  healthy  animab  possesses  a  creamy  con-tiatencse  ami 
opacity  due  to  the  great  abundance  of  corpuscles*  or  free  uuelei,  identical  ini 
eiae,  shape,  and  ehemical  charactei^  with  the  corpUAcles  of  the  fluid  uf  lh« 
lymphatic  and  mesenteric  glands.     The  nen^es  are  not  very  numerouj*.  bytl 
were  observed  by  Per^-meschko  partly  to  accompany  the  arteries,  and  in  part 
to  enter  separately.    Mr.  Simon  considers  that  they  arc  nmirdy  den  veil  frtunl 
the  plexus  which  surrounds  tlie  first  part  of  the  s«ubclavian  artery,  and  wbiebj 
ha&  its  chief  origin  from  the  inferior  and  middle  cervical  ganglia.     It  hv 
been  commonly  stated,  that  the  Thymus  attains  its  greater  develojjmetit  iq 
relation  to  the  rest  of  tlie  body,  during  the  latter  part  of  ft^tal  life ;  and  li 
has  been  considered  as  an  organ  peculiarly  connected  with  the  ettibry^^nt^ 
condition.     But  this  is  a  mistake ;  for  the  greatest  activity  in  the  gnwth  ol 
this  organ  manifests  itself^  in  tlie  Human  infant,  mum  after  birtli ;  and  it  li 
then,  too,  that  iu  functional  energy  seems  the  highest.     This  rapid  slat* 
growth,  however,  soon  subsides  into  one  of  leas  activity,  which  merely  serve 
to  keep  up  its  prtjportion  to  the  rest  of  the  body  ;  but  its  increa:^  is  cominiiou 
till  the  age  of  puberty  is  attained  iFriedleben).     From  that  time,  during  i 
variable  number  of  years,  it  remains  stationary  in  point  of  siz**;  Imt,  if  tha 
individual  be  adequately  nourished,  it  gradually  assumes  the  character  of  i 
mass  of  fat,  by  the  development  of  the  corpuscles  of  lU  interior  iuti*  fat-wlb 
which  secrete  adipose  matter  for  the  blood.     This  change  in  m  functiua 

is  most  remarkable  in  hibernal itig 
Mammals;  in  which  the devcloprnt-afi 
of  the  organ  continues,  even  in  tiQ 
increasing  ratio,  until  the  anrnin" 
reaches  adult  age,  when  it  iucludr- 
large  quantity  of  fatty  matter  Th<l 
same  is  the  case,  generally  sfieakingJ 
among  Reptiles* 

164.  Tlie  Thyroid  body  diFers  from  ■ 
the  other  Vascular  GUnds  in  lis  ele- 
mentary structures  ;  for  it  es^ntialljj 
consists  of  an  aggregation  of  vesirJe 
{Fig.  1(M), 6, 6),  which  seem  to  be furn- 
islied  willi  a  true  limitary  niembranej 
and  therefore  to  be  real  ghind-v«^ij 
cleSj  imbedded  in  a  stroma  Ui,  n)  < 
etmnective  tissue,  which  !?upfM*rts 
va5«t  cavernous  lymphatic  nctwork^j 
Tlie  vesicles  vary  in  diameter,  i 
the  Human  subject  from  ^^Vnt 
to  gVh  of  an  inch ;  and  they  ct»n* 
tain  an  albuminoid  plasma;'  of  cithrr 


I-  io.  m. 


Group  of  i^lftiid-TCfttelcw  fWim  tLi«  Thyirtittl  Gliiid 
of  ft  child;  a,  coiiu<?cUife  ti»»upj  b,  luembmiic  of 
titci  veAkJcs^  c.  eplthcdlail  c^lK 


1  S(?e  Frimileben,  in  the  JourT>«i  d«  U  PhysIiiltiifW,  1800,  p.  IB";  and  v,  Qunip^ , 

«  Th**sf»  vft?itl*«  WL*rt*  furmi'Hy  stwted  in  be  elnted,  1>ut  P.  A*  B'»e<>hiil  (tVntml-.^ 
VlHftt  1^74^  p  M)  hm  rne»Milly  loaUiUtntsfl,  us  iho  rtwult  of  obw^rvMlinn**  mncli-  ujxm 
lH*tilthy  ^l>*n<!6  hMnlcTjed  in  Ptcrto  Add,  *uhs»M|m*ntly  pliit^ed  in  atihuion  of  giitn,  iind 
finuUy  in  iiknhol,  thut  thi*y  intepcomnmrOraie  fp**tdy* 

>  Thiit  iho  fluid  ditQ»  m*t  vaaUiln  true  Albuiiif^n  in  ^uhilkirii  but  %nmi^  nlbumlnoai  I 
Comj>i>tihds,  U  indicHted  by  the  rt*taltja  of  Or.  Bewlc 'i  ntmlysifl  (Cytdop.  of  Auwl  nnd 
Fhyml,  vc»l  iv,  p,  UOOj. 
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a  faintly  granular  or  of  a  somewhat  oily  aspect,  which  may  be  seen  to  exude 
from  the  epithelial  cells  (e,  e)  lining  their  interior.^  The  vascular  supply  of 
the  Thyroid  body  is  extremely  abundant ;  and,  as  in  the  preceding  instances, 
the  subdivisions  of  its  arteries  form  a  very  minute  capillary  plexus  upon  the 
membrane  of  the  vesicles.  The  lymphatic  spaces  are  lined  by  a  layer  of 
epithelium,  which  is  often  the  only  septum  between  the  interior  of  the 
vesicles  and  the  lymphatic  spaces.  The  nerves  are  scanty,  accompanying 
the  vessels,  and  are  derived  from  the  cervical  parts  of  the  sympathetic. — 
The  development  of  the  Thyroid  body  has  been  shown  by  Mr.  Gray  (loc. 
cit.),  Mr.  Callender,^  and  W.  Miiller,'  to  be  closely  accordant  with  that  of 
the  "  ductless  glands  "  already  described.  This  body  originates  on  the  third 
day  in  the  Chick  as  an  involution  from  the  hypoblast  of  the  throat  opposite 
the  point  of  origin  of  the  second  arterial  arch.  On  the  fourth  day  it  forms 
a  solid  mass  of  cells',  and  on  the  fifth  becoming  independent  of  the  epi- 
thelium of  the  throat,  it  presents  a  bilobcd  form,  the  two  lateral  masses 
being  joined  by  a  central  portion  or  isthmus,  with  an  outlying  piece  or  pyra- 
mid of  very  variable  form.  The  lateral  lobes  are  situated  on  each  side  of 
the  root  of  the  neck,  close  to  the  separation  of  the  carotid  and  subclavian 
vessels,  and  between  the  trachea  and  the  branchial  clefts,  but  quite  inde- 
peodeot,  as  far  as  regards  their  development,  of  either  of  those  parts ;  their 
minute  structure  at  an  early  period  closely  corresponds  with  that  of  the 
spleen  and  suprarenal  glands.  This  body,  like  the  Suprarenal  and  Thymus, 
is  of  larger  relative  magnitude  during  intrauterine  existence  and  infancy, 
than  in  after  life.  According  to  Ecker*  and  Peremeschko'  the  Pituitary  body 
has  the  same  essential  structure  as  the  vascular  glands  in  general ;  present- 
ing vesicles  containing  a  finely-granular  blastema  with  nuclear  particles 
imbedded  in  a  fibrous  stroma.  A  minute  gland-like  body,  first  described  by 
Luschka/  and  termed  by  him  the  Coccygeal  gland,  is  situated  near  the  ante- 
rior part  of  the  apex  of  the  coccyx.  It  consists  of  a  basis  of  connective  tissue, 
in  which  are  imbedded  irregularly  branched  tubes,  that  here  and  there 
dilate  into  vesicles.  The  nerves  proceed  from  the  coccygeal  ganglion.  By 
Luschka  and  others  the  pituitary  and  coccyi^eal  bodies  have  been  regarded 
as  the  remains  of  the  opposite  extremities  either  of  the  chorda  dorsalis  or  of 
the  primary  intestinal  tube. 

The  recent  researches  of  Neumann^  and  others  seem  to  demonstrate  that 
the  so-called  "  red  marrow,"  oocupyin<ij  the  cancellous  tissue  of  the  bones, 
constitutes  a  kind  of  adenoid  tissue  in  which  lymph-corpuscles  are  developed. 
The  vessels  of  this  tissue  are  very  numerous  and  large,  and  are  connected 
by  a  delicate  web  of  stellate  cells,  with  long  processes,  the  interstices  of 
which  are  filled  by  a  homogeneous  niuein-like  material.  Imbedded  in  this 
are  large  numbers  of  cells,  presenting  every  grade  of  development  between 
lymph  and  fully  developed  white  and  red  blood-corpuscles.  These  must 
either  gain  entrance  into  the  blood  vascular  system  by  penetrating  the  walls 
of  the  capillaries,  or  as  Hover  thinks,  the  whole  tissue  resembles  the  lacunar 
system  of  the  lymphatic  glands,  and  the  corpuscles  are  generated  by  fissicm 
of  previously  existing  cells  within  the  dilated  and  anastomosing  capillaries. 

1  S«-e  VffiKin,  Svd.  Soc.  Trans,  of  Strickor's  Manunl,  vol  i,  p.  370;  and  Archives 
de  M«l.,  1874,  June. 

'  Proceed,  of  the  R<»yal  S«»c.,  vol.  xvi,  18G7,  p.  2'). 
»  Jenai*che,  ZHUchnft,  1871. 

*  Art.  Bliitgt'fa'ij^driisen  in  Wagner's  Handwortorbiich,  Bd.  iv. 

*  Ltic.  <-it.  •  Virchow's  Archiv,  Bd.  xviii,  p   100. 

'  Archiv  der  Heilkundo,  18fi9,  pp.  68  and  1*20.  8oo  also  Bizzozero,  Central hlatt 
far  di«'  Mod.  Wis^i^eniK-hatt,  1868,  p.  885,  and  1809,  p.  149 ;  Hoyer,  Ccntralblatt,  1809, 
|*p.  244  and  207;  Palladino,  Centralblatt,  1809,  p.  613;  and'  Mosler,  Centralblatt, 
1871.  1..  290. 
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The  lar^e  maoy*nueleated  cells  (myeloplaxes  or  giaut  cells)  descTibt'd  \*r\ 
Robin  as  oxijitin^  in  the  medulla  of  bi/iies,  may  po«^lbh%  m  Neumatiu  mr*\ 
mises,  represent  the  mother  eel  la  of  the  lymph^eoqni&eles,  or  m  B\zmi£m\ 
mamtaii)^,  such  many  *nu  cleat  ed  cellg  with  the  ptgnient-granules  ibat  urn  I 
often  found  in  them  indicate  that  destniclion  aa  well  as  development  of  bttiuil-] 
corpuscles  takes  place  in  the  medullary  tissue  of  the  bone«,  Tbt^  wliul«| 
subject  has  an  im|)ortant  bearing  on  the  Leucf&niia,  so  often  a^^x-ltitetl  witltl 
dise^*ie  of  i*&5eous  tissue*  Mosler*  ob^rves  that  markeil  chaiigai  ogcut  in  I 
the  medulla  of  bones  after  extirpation  of  the  spleen. 

1G5,  That  the  Ductless  or  Vascular  Glands,  of  whose  peculiar  strndiirsl 
aDt]  relatiutj^  we  have  thus  taken  a  genera!  Burvey,  have  in>me  offiie  of  tin* 
piHanceio  perform  in  the  preparation  and  maintfimnce  of  I  in?  bkwui,  fitn«r4| 
any  longer  be  reasonably  questioned ;  aiul  the  det^rminatitm  of  ibis  pjiotj 
may  be  fairly  regarded  as  a  considerable  step  m  the  investigation.  It 
obviou!?,  from  the  very  copious  tjupply  of  blootl  which  they  receive  durtngi 
the  period  of  their  functit>ual  vigor,  and  from  the  manner  iu  which  this  lil 
distributed  by  ujinute  capillary  plexnsee  on  the  exterior,  and  even  throtigii| 
the  interior,  of  the  glandular  vehicles,  that  it  mu&t  he  subservient  to  sotufl 
process  of  active  change ;  and  the  aspect  of  the  contents  of  these  vesiclesi j 
a?  well  as  of  the  substance  in  which  they  are  imbedded,  indicatee  that  cdl* 
growth  is  rapidly  proceeding,  at  the  exfiense  of  the  nmterials  thus  ftffi>rdc<il 
But,  on  the  other  hand,  that  the  prcducts  of  this  cell-growth  are  not  m\> 
stances,  which,  like  those  of  the  ordinary  glands,  must  be  separated  frum  J 
the  blood,  either  for  its  purification,  or  to  serve  some  sjjectal  purp*se  in  the! 
economy,  appears  from  the  fact  that  they  arc  not  carried  off  by  ducts;  but] 
are  received  again  into  the  current  of  the  circulation.  Witli  the  cxri^ptitkal 
of  the  Spleen,  all  the  ductless  glands  thus  discharge  their  product*  at  onooJ 
into  the  general  venous  circulation  ;  so  that,  after  having  pasi^il  through  thol 
lungs,  they  will  be  carried  by  the  systemic  arteries  through  the  syptem  at  I 
large;  but  the  j^plenic  vein,  it  will  be  remembered,  forms  one  of  the  ro*»taJ 
of  the  portal  trunk  ;  and  t^  blood  must  pass  tli rough  the  Uver  befortr  it  entcif  I 
the  vena  cava. 

1G6.  Whatever  materials,  then,  are  withdrawn  from  the  blood  by  these 
organs,  are  returned  to  it  again  in  an  altered  state  ;  and  it  may  fairly  be  in*  ' 
ferred  from  tliis  circumstance,  that  the  change  which  they  have  nndcrgonel 
is  one  that  prepares  them  for  higher  men  in  the  economy.     For,  as  the  blottdf 
which  has  retteived  them  is  immediately  transmitted  to  the  system  (excep 
in  the  case  of  the  splenic  blood )»  without  having  passed  through  any    ^~ 
depurating  organ  than  the  lungs,  it  appears  fair  to  conclude  that  the  pnx 
which  it  has  taken  up  in  the^e  organs  are  either  mmhmthr  or  t»  r.  r.f| 

either  serve  to  maintain  the  functional  activity  of  the  lun^,  or  -  ■;  -tkih.! 

or  of  the  bIo*>d  it^lf.     Now  that  they  are  not  dei^tined  to  prepaid?  a  pabulum 
for  respiration,  apfK^at^  from  the  very  small  quantity  of  fat  wiiieh  is  found 
in  their  substance,  except  when  their  period  of  functional  activity  baa  gwoe 
by.     On  the  other  hand,  the  albuminous  nature  of  the  plasnnv,  and  the  finely  . 
granular  appearant*e  which  it  preseut^^,  strongly  indicate  that  a  material  iil 
here  in  progress  of  preparation,  which  is  to  be  rendered  subservient  ti>  the  I 
formative  operations.     Variouif  facts  which  have  been  noticed  in  regard  toj 
the  changes  iu  the  bulk  of  the  Thymus  in  young  an i ma  1b  (and  particularly! 
its  mpid  diminution  in  overdriven  lambs,  and  its  sulisequent  gnidual  rtnlis- 
tension  during  rest,  if  plentiful  nutriment  be  afforded  ^  lead  lo  the  conelu-l 
sion  that  such  is  almost  undoubtedly  the  function  of  that  body.     And  i^uch  ' 
would  also  seem  to  be  the  justifiable  inference  from  the  researcli^  of  Mr, 
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Gray  on  the  Spleeo :  for  the  correspoDdence  in  the  amount  of  the  colorless 
parenchyma  of  that  organ  (and  especially  of  its  Malpighian  corpuscles)  with 
the  general  state  of  nutrition  of  the  animal,  its  regular  increase  (in  well- 
fed  animals)  near  the  completion  of  the  digestive  process,  and  its  gradual 
diminution  in  the  subsequent  interval,  seem  to  indicate  that  the  Spleen,  like 
the  Thymus  of  the  young  animal,  is  a  storehouse  of  nutritive  material,  which 
may  be  drawn  upon  according  to  the  requirements  of  the  system,  just  as  the 
fat  of  the  body  is  a  stcirehouse  of  combustive  substance.  And  of  the  exer- 
tion of  an  elaborating  or  assimilative  action  upon  this  albuminous  matter, 
during  its  withdrawal  from  the  current  of  the  circulation  in  these  organs, 
we  seem  to  have  direct  evidence,  as  regards  the  Spleen,  in  the  large  increase 
of  the  proportion  of  fibrin  contained  in  the  blood  drawn  from  its  veins.  It 
was  formerly  supposed  that  the  Spleen  acted  as  a  kind  of  reservoir  or  diver- 
ticulum for  the  portal  circulation,  the  vessels  of  which  were  thus  relieved 
from  undue  turgescence,  when  the  alimentary  canal  was  distended  with  food, 
and  rapid  absorption  was  taking  place.  Others  again  were  of  opinion  that 
a  process  of  disintegration  took  place  in  the  blood-corpuscles  which  are  found 
80  abundantly  in  the  splenic  pulp,  but  the  grounds  on  which  both  these 
views  were  supported  are  scarcely  tenable  in  the  present  state  of  our  knowl- 
edge.* 

167.  The  results  then  of  all  the  recent  investigations  on  these  organs  tend 
to  prove  that  equally  with  the  Absorbent  glands,  they  supply  the  germs  of 
thoee  cells  which  are  ultimately  to  become  blood -corpuscles.  Such,  it  is  well 
known,  was  the  doctrine  of  Sewson*  in  regard  to  the  Spleen  and  Thymus 

flaod ;  and  there  are  many  facts  which  lend  it  a  considerable  probability. 
D  the  first  place,  we  have  seen  (§  157,  ii)  that  there  is  no  difficulty  what- 
ever io  the  admission  of  such  corpuscles  into  the  smaller  veins  of  the  Spleen, 
if  Mr.  Gray's  account  of  its  lacunar  circulation,  which  appears  to  be  fully 
confirmed  by  the  more  recent  investigations  of  Billroth'  and  Miiller,*  be  cor- 
rect;  and  that  there  is  no  physical  impossibility  in  the  reception  of  particles 
of  such  a  size  into  the  interior  of  even  a  closed  system  of  capillaries,  is 
proved  by  the  very  curious  facts  already  noticed  in  regard  to  the  passage  of 
starch-grains  into  the  ine5>enteric  veins  (§  142).  Secondly,  there  is  an  un- 
usual proportion  of  colorless  corpuscles  in  the  blood  of  the  splenic  vein  ;  so 
that  whilst  according  to  llirt  the  proportion  of  colorless  to  colored  corpus- 
cles in  the  blood  of  the  splenic  artery  is  as  1 :  2000,  in  tiiat  of  the  splenic 
vein  it  rises  to  1  :  70,  and  in  some  diseased  conditions  it  has  been  known  to 
amount  to  1  :  4.*  Thirdly,  if  the  spleen  be  extirpated,  which  has  even  been 
performed  on  man  himself,  showing  that  its  functions  are  not  indispensable 
for  the  preservation  of  life,  the  only  effects  observed  have  been  increase  in 
volume  and  pigmentation  of  the  lymphatic  glands,*  probably  in  consequence 
of  their  taking  on  a  vicarious  action  in  the  development  of  the  white  cor- 
puscles. Fourthly,  the  period  of  greatest  functional  activity  of  these  glands 
generally,  is  during  the  state  of  early  childhood,  when  the  formative  pro- 
are  going  on  with  extraordinary  activity ;  and  there  is  at  this  time  a 


•  See  Cycl.  of  Anat.  and  Physiology,  vol.  iv,  p.  796. 

•  See  his  Third  Series  of  Experimental  Inquiries,  chaps,  iii-v. 

•  Mailer's  Archiv,  1857,  p.  88,  and  Virchow's  Archiv,  Bd.  xx,  p.  410. 

•  Sec-  Funke,  Physiologie,  1870,  p.  241;  and  Gray,  op.  cit.,  p.  148.  Dr  Silvester, 
in  an  ingeniously  written  essay  (The  Discovery  of  the  Nature  of  the  Spleen,  1870), 
has  adduced  various  arguments  against  the  view  that  the  sple^^n  is  a  blood-making 
organ.  He  regards  it  as  a  sanguiferous  gland,  ettecting  certain  changes  in  the  blood 
traversing  it,  and  as  the  left  lateral  homologue  of  a  portion  of  the  liver,  which  is  itself 
a  combination  of  a  sanguiferous  gland  and  a  biliary  apparatus. 

'  Strieker's  Manual  of  Histology,  vol.  i. 

•  Fahrer  and  Ludwig.  Archiv  f.  Phys.  Heilk.,  1855,  pp.  815  and  491,  and  others. 
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larger  proportioa  af  colorless  corpiiM-te  id  the  hhyod  than  at  any  ?yljet*t|ueiit*| 
pericvd,  at  least  in  the  healthy  state.     Further,  as  Prof.  J.  HJB^umHi  hvA 
pointed  out,  that  i^eculiar  t-ondition  of  the  hkx^d,  which  consists  m  the  mulA 
tiplication  cyf  its  cqIofI^^  corpuscles,  la  alrot^st  always  asiHJciated  with  hyppi^f 
trophy  of  one  or  other  of  the^  bodies ;  and  in  one  aise  of  this  kind,  b  whii-lftl 
the  Thyroid  wae  the  organ  aSecied,  its  celb  and  their  included  our  lei  irefi 
abierved  to  he  considerably  jsmaller  than  usual,  and  the  same  fiectiltaritf] 
presented  itaelf  in  the  colorless  corpuscleB  of  the  blood.^     Hence  tiiere  seeni. 
a  strong  probability,  that  whilst  the  plagima  of  the  blood  is  \mng  elabrtraied  I 
by  these  bodies,  a  constant  supply  of  new  blood-corpu&cl^  is  alR>  aflbrded  by 
them  f  and  that  they  thus  erfectfor  the  nutrient  materia):!  directly  ah^oriici 
iuto  the  Sanguiferous  system,  that  which  the  glandulse  in  connectioti  with 
the  Absorbent  ^ysteiu  accomplish  for  the  substances  which  if  has  taken  up* 
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OF  THE   BLOOD;  ITS   PHYSICAL  CHARACTERS^   ITO  CHEMICAL 
COMPOSITION,   AND  ITS   VITAL   PROPERTIES, 

1.  GeneToi  Cannderaihm:  Quantity  of  Blood. 

lf»$.  From  the  materials  sujjpHed  in  the  Food,  there  is  prepared,  by  th^' 
Digestive  and  Assimilative  processes  describcti  in  the  preceding  0»a'plei 
that  general  nuiridve  Hquid,  the  Blood,  which,  in  the  organism  of  Man  ( 
in  that  of  all  the  higher  Animals)  h  conBtantly  circulattng  through  it* 
BeU  during  the  whole  of  life.  From  this  litjuid,  each  portion  of  the  foBJ' 
tUsues;  lias  the  power  of  extracting,  and  of  appropriating  to  itg  own  ti^,  ihf 
particular  components  of  its  substance  ;  these  eitner  pre-existing  it»  such  in 
the  bhxwi,  or  being  capable  of  being  readily  formed  frtmi  it  by  a  prv>rcs«  of 
chemical  transforn*ation.  During  its  circulation,  moreover,  the  bluod  dmm^ 
into^  its  current  the  effete  particles  which  are  set  free  by  the  disint^^gration  o1 
the  ti^ue^  (probably  at  the  very  time  when  it  gives  forth  the  components  o( 
the  newly  forming  elructures ),  and  conveys  them  to  the  various  organs  which 
arc  provided  for  their  elimination.  Hence  the  Blood  not  only  amtaina  tb 
nialeriuls  for  the  renovation  of  the  tissues,  but  also  the  products  of  their  de- 
cay ;  but  there  is  an  important  difference  in  the  proportion  of  ihe^  two  feti 
of  components,  for  whilst  the  former  make  up  the  princi]>al  part  of  the  mass 
of  the  fluid,  the  latter  are  only  detectable  in  it  with  dtfliculty,  so  long  *s  the 
excretor^r  organs  maintain  their  normal  activity;  and  only  make  their  ppw 
euce  obvious,  when  they  accumulate  unduly,  in  consequetiee  of  the  retarda*^ 
tion  or  susfjeuaion  of  the  eliminating  operations. — But  besides  thiis  meecing^i 
the  demand  occasioned  by  the  comtrudive  fjperations,  and  preventing  the 
results  of  the  desfruetire  from  exerting  an  injurious  influence  on  the  srstem* 
the  BiK>d  acts  (so  to  s|*eak)  m  the  carrier  of  Oxygen  introduced  fnlm  the 
atmosphere,  to  the  Mui^eular  and  Nervous  tissues,  to  wbo^c  pt'eultar  vital 

A  This  fuel  U  the  more  weigliir,  ii»,  in  nmtther  cmu  (ibMrv«d  hy  Frf>f  Bf*r»iictt|,^ 
till*  i!t>kM'lra»  corj>u*cle«  of  th«  bluud  were  of  two  dbtmt*t  .*i  " 

ffrt»n>diiiiu:  wKh  thif  iiiicWi  of  the  larg^er  ones;   und  tbe  iifrnphu 

llint.*?  of  the  btoftd,     jSt*f  Edit!    Monthly  JtHirntiU  Octobert  li^jl  j 

*  Thif  ^itw  \\m  h^vu  itUly  ^tippurit'd*  by  Prof  J,   H.   Berinutl,  id  Edin*  ltoaU4j 
Jour  a.,  II N  roll,  li52;  iiad  in  hie  treiitt»e  on  L^n^sG^yihmm'm. 
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activity  its  presence  appears  to  be  an  essential  condition,  the  same  element 
being  also  required  in  various  other  metamorphoses  which  form  part  both  of 
the  constructive  and  of  the  destructive  operations:  whilst  conversely  it  im- 
bibes the  Carbonic  acid,  which  is  one  of  the  chief  products  of  the  action  of 
oxygen  upon  the  tissues  and  fluids  of  the  body,  and  conveys  this  to  the  lungs 
anil  skin  for  elimination.  But  in  addition  to  the  Histogenetic  materials  and 
Oxygen,  on  the  one  hand,  and  the  various  products  of  the  disintegration  of 
the  tissues  on  the  other,  the  blood  contains  those  non-azotizcd  substances, 
which  are  received  into  it  for  the  purpose  of  supplying  the  pabulum  of  those 
oombustive  processes  that  are  requisite  for  the  production  of  heat  and  the 
generation  of  nervomuscular  energy ;  and  the  union  of  their  carbon  with 
oxygen  introduced  from  the  atmosphere  which  is  continually  going  on,  be- 
comes an  additional  source  of  the  production  of  carbonic  acid,  and  of  its  in- 
jurious accumulation  if  its  elimination  be  checked. 

169.  From  this  variety  in  the  operations  to  which  the  Blood  is  subservient, 
it  naturally  follows  that  the  changes  which  it  undergoes  in  different  parts  of 
its  circulation  are  of  a  very  diversified  nature,  and  that  the  composition  of 
the  fluid  in  the  several  parts  of  its  ct)ur3e  will  be  far  from  uniform.  Between 
the  blood  which  is  being  distributed  by  the  systemic  Arteries  to  the  body  at 
large,  and  that  which  is  being  collected  from  it  again  by  the  systemic  Veins, 
after  having  percolated  the  tissues,  there  is  not  only  an  obvious  difference  in 
hue,  which  indicates  an  important  change,  but  there  is  also  a  considerable 
difference  in  composition,  which  is  revealed  bv  chemical  analysis ;  and  a 
difiereooe  of  a  converse  nature  presents  itself,  between  the  blood  that  is  on 
its  way  to  be  distributed  to  the  Lungs,  and  that  which  is  returning  from 
them.  So  again,  although  there  is  no  obvious  dissimilarity  in  physical  char- 
acters between  the  blood  which  is  transmitted  to  the  Liver  by  the  vena  portse, 
and  that  which  is  carried  off  from  it  by  the  hepatic  vein,  yet  chemical  analy- 
sis reveals  a  very  remarkable  difference  in  their  composition,  and  shows  that 
the  blood  of  the  ascending  vena  cava  (above  the  entrance  of  the  hepatic 
vein),  that  of  the  right  cavities  of  the  heart,  and  that  of  the  pulmonary 
artery,  difllers  from  aU  other  blood  in  the  body,  in  constantly  containing  an 
appreciable  quantity  of  a  peculiar  substance  readily  convertible  into  sugar, 
which  is  formed  in  its  passage  through  the  Liver.  In  like  manner  the 
researches  of  M.  Picard  have  shown  that  the  blood  of  the  renal  vein  contains 
a  smaller  proportion  of  the  chief  component  of  the  urinary  secretion,  urea,* 
than  that  of  the  renal  artery ;  and  in  many  other  cases  of  blood  returning 
from  particular  organs  we  know  that  important  differences  must  exist,  al- 
though they  have  not  yet  been  detected  by  chemical  aimlysis. — In  the 
account  to  be  presently  given  of  the  Blood,  those  most  general  characters 
and  properties  will  be  first  described,  which  it  presents  in  all  parts  of  its 
circulation ;  the  principal  differences  which  have  been  substantiated  in  the 
composition  of  the  blood  in  the  several  portions  of  its  circuit  will  then  be 
noticed  ;  and  lastly,  a  summary  will  be  given  of  the  most  important  of  those 
patholo^cal  alterations  which  it  exhibits  in  disease. 

170.  The  quantity  of  Blood  contained  in  the  Human  body  is  probably, 
for  a  man  of  average  height,  from  12  to  15  lbs. ;  but  its  precise  determina- 
tion is  more  difficult  than  might  at  firs>t  be  sup{>osed,  and  the  estimates 
which  have  been  made  of  it  have  been  most  strangely  discrepant.  The 
entire  amount  which  flows  from  a  large  arterial  trunk  freely  opened,  can  by 
no  means  be  taken  as  a  measure;  since,  however  readily  it  may  be  per- 
mitted to  escape,  a  considerable  quantity  still  ren>aius  within  the  bloodves- 
sels, especially  if  the  heart's  action  fail  before  the  loss  of  blood  has  proceeded 

"  C.  Bernard,  Le9on8,  1859,  vol.  ii,  p.  81 ;  Picnrd,  Thdse  siir  l'Ur6e,  1856* 
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very  far,  so  that  it  h  not  dra\rii  from  the  venous  iyBteni,  A  closer  ftfipraii-'' 
niatuiu  may  be  made  by  opeuing^  several  vessels  at  once,  which  vmi  lliA 
tiiethu»1  adopted  by  Herb^t;^  who  e^limattKl  the  proportion  of  the  ir<»ight  i'^ 
the  blood  to  tliat  of  the  entire  body  to  be  as  1 :  12  in  the  Ox,  as  1  :  HI  id  ll^ 
Dog,  as  1 :  18  in  the  Horse,  a^  1 ;  20  iu  the  Goat,  Calf,  Lanib»  and  Hare^,  aa 
1 ;  22  iti  the  Sheep  and  Cat,  and  a^  1 :  24  in  the  Rabbit*  With  the^  eiti- 
maies  the  coueluisiani  drawn  by  Vaoner,  from  observations  made  in  the 
ubattmrtt  of  rari§,  pretty  closely  correspond  ;  for  he  was  led  by  tbein  to  the 
belief,  that  for  horned  cattle  in  general,  the  propiortion  does  not  vary  hi 
from  1 :  20.*  It  ia  obviou«,  however,  that  no  such  method  can  give  more 
than  a  inimmrtm  :  since,  even  after  the  njo^t  complete  exsangninntUifi  t]»t 
the  frce:4t  D|>eiuug  of  tlie  %^a!?dels  can  permit,  a  considerable  qua*  lood 

is  St  ill  rtjiained  in  them,  and  ei^peeially  in  iho^  of  the  head*     ^  iber 

racthud.-i  have  been  suggested,  none  of  which,  however^  can  be  euusidc^f^  at 
yielding  more  than  approximations  to  the  truth*  That  of  Vieronlt'ooOfisti 
in  multiplying  llie  quantity  of  blood  which  is  expelled  from  the  left  ves^lridft 
at  each  pukalioii  of  the  heart  by  t!ie  number  of  beats  which  occur  wbilM  the 
blood  performs  one  entire  cirtnit  of  the  body.  He  estimates  tbt;  fortoer 
(highly )  at  G*3  ox.  av.,  and  tlie  latter  at  27 J  beats  ;  consequently  i1«j  Uitd 
quantity  of  Idood  i^  about  11  lbs.  av.,  or  between  one-tweUth  and  o«i<?*ibi^ 
teenth  of  the  weight  of  the  b<*dy,  Welcker'a  method,  termed  als4>  tlit?  '*  ehro» 
matic"  or** color"  method,  gives  nearly  the  same  result  fur  Mao  and  the  I 
Dog.  It  consists  iu  first  rougfdy  estimating  the  j^uantity  of  bluotl  in  th«  aai* 
mal  by  rapidly  bleeding  it  to  death.  The  portion  that  still  reraaiu«  in  the 
small  ves5*cl.s  is  then  rcnjoved  by  the  injection  ofp ore  water,and  the  whole:  budy 
of  the  animal  is  finely  minct^l  and  infused.  Thejie  liquids  are  mtugkd^aad 
on  comparing  their  tint  with  a  series  of  prcvioUi^ly  preparetl  *'colur  test*," 
the  proportion  of  blood  in  which  h  accurately  known,  a  practiciff  r-y^  m 
I  discern  variations  in  the  color  when  the  difference  iu  the  quiu  '  1^ 

doe?  not  exceed  4  per  cent.     Welcker  e.sti mates  that  a  man  v\    ^ 
Jhs*  hfis  11  lbs.  of  blood.     An  interesting  collection  of  cases  has  beea  broug 
together  by  Haller*  of  the  amount  of  blood  lost  by  haemorrhage;  ami  H 
^remarkable  instances  are  cited  by  Burdach,*  from  WrisbeiTg,  who  statet  thai 
A  female  who  died  from  violent  metrorrhagia  had  lost  2B  lb?,  of  blood,  and, 
that  24  Ibsi.  were  collected  from  the  body  of  a  plethoric  female  who  had  snf-J 
fered  death  by  decapitation.     In  the  first  of  these  cases,  it  is  probable  that^ 
as  death  could  not  have  been  immediaiej  some  increase  took  place  from  tbo 
absorption  of  the  fluids  of  tlie  body  ;  in  the  second,  however,  the  suddenneai" 
of  the  discharge  of  blood*  and  its  concurrence  with  the  destruction  of  life, 
must  have  [prevented  any  considerable  augmentation  from  this  soun^e ;  aod 
if  any  such  increase  did  take  place,  it  probably  did  not  exceed  ibc  amount 
of  blood  remaining  undischarged  in  the  vessels.     An  important  ob^nratioo 
has  been  made  by  Bernard,*  that  the  quantity  of  blood  which  can  be  ^ 
tained  from  a  fasting  animal  is  scarcely  more  than  one-half  of  that  con tJiiiicfl 
in  its  ves^ls  shortly  after  a  full  meal :  a  point  to  which  no  other  obsetrer 
appears  to  have  paid  attention,  but  which  may  account  for  sonae  of  tbe  di«- 
ci^paDcies  observable  in  the  different  estimat^/ 


*  De San iriii tii^  quAlitittit^,  qiinl is  bofni ti t  sdulto  ei  mn^  con^'^eniL     Ooetii li|^,  1  S£L  1 
i  C*oiii|iteT  K^nditf,  tiiju.  atsEviii,  p,  (i4B*  *  Fliy&idlogie^  ltk6-l,  |».  ISS. 

*  Elernetitft  Plij'*ioii>ujiMj,  vuL  ii,  pp.  3  and  4. 

*  Triiite  *le  Ph_v*tologu%  irnduit  pwr  Jourdnin,  torn,  vi,  p.  11&. 

*  Lt'vona,  iHiiil,  L  I,  p.  411*. 
^  Viiir-tiliTi'i  nn'iKtid  is  fiHinded  on  thp  diminution  in  the  ipecillc  gravity  of  lli*1 

hlnod  lifter  tUe  injectton  of  a  knawrn  weight  t>f  wiit*>r  lato  tbe  Yt«iet#«  an^  $«**■  ^*r  i 
di«gd  tbe  proportioa  uf  tlie  wvight  of  Hood  UsXhrnt  of  body  gi'nerftlljr  m  liil  (fttfien*  1 
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2.  Pkydcal,  Chemical^  and  Structured  Characters  of  ike  Blood. 

171.  The  Blood  as  it  flows  forth  from  an  opening  in  a  large  vessel,  is  an 
apparently  homogeneous  liquid,  possessing  a  slight  degree  of  viscidity,  with 
a  consistence  and  density  somewhat  greater  than  that  of  water,  but  espe- 
cially distinguished  by  its  color,  which  is  usually  of  a  bright  scarlet  when  it 
is  drawn  from  an  artery,  and  of  a  dark  purple,  sometimes  almost  approach- 
ing to  black,  when  it  is  drawn  from  a  vein.  This  difference  of  color,  how- 
ever, is  by  no  means  constant ;  for  arterial  blood  may  sometimes  be  unusually 
dark,  whilst  venous  blood  is  occasionally  so  florid  that  it  might  almost  be 
taken  for  arterial.  The  former  condition  is  observable,  when  from  any  cause 
the  respiratory  process  is  imperfectly  effected,  as  in  the  foetus,  and  it  may  be 
especially  noticed  during  operations  performed  under  the  influence  of  anses- 
thetic  agents ;  it  has  also  been  remarked  by  Dr.  John  Davy,  as  usually  char- 
acterizing the  arterial  blood  of  the  inhabitants  of  hot  climates,*  and  it  occurs 
in  blood  that  has  been  allowed  to  stagnate  either  in  arteries  or  veins ;  but  in 
any  of  these  cases,  the  ordinary  arterial  hue  is  acquired  by  the  blood  when 
it  has  been  sufficiently  exposed  to  the  air.  The  florid  hue  is  presented  by 
the  venous  blood  of  animals  which  are  made  to  respire  pure  oxygen  ;  but  it 
seems  normal  with  some  individuals  whose  respiration  is  peculiarly  active. 
It  is  well  marked  in  the  blood  returning  from  an  actively  secreting  gland, 
and  from  a  quiescent  muscle.'  When  ordinary  venous  blood  is  examined  in 
thin  layers,  it  presents  a  deep  red  or  purple  tint  by  reflected  light,  but  by 
transmitted  light  it  assumes  a  greenish  hue,  thus  presenting  the  phenomena 
of  Dichroism ;  a  peculiarity  which  is  not  posseted  by  arterial  blood  (Briicke) ; 
but  when  the  gases  of  the  blood  are  wholly  removed  by  exhaustion,  both 
arterial  and  venous  blood  assume  a  deep  black  color.'  The  specific  gravity 
of  the  Blood  is  stated  by  Nasse*  to  vary  (within  the  limits  of  health}  between 
1050  and  1059 ;  the  average  being  taken  at  1055.  The  specific  gravity  of 
of  the  Corpuscles  is  about  1088,  and  that  of  the  fluid  in  which  they  float 
about  1028.  The  chemical  reaction  of  the  blood  is  invariably  alkaline,  and 
very  imiK>rtant  purposes  are  served  by  this  alkalinity.  The  temperature  of 
the  Blood,  usually  considered  to  be  about  100°  F.,  has  been  found  by  Ber- 
nard,^ in  an  extensive  series  of  observations  made  with  extremely  sensitive 
thermometers,  to  vary  several  degrees  in  ditfercut  parts  of  the  body.     The 

f.  AnHt.  und  Phys.,  Bd.  iii,  p.  281).  Blake's  method  consisted  in  the  injection  of  a 
definite  quantity  of  some  saline  compoqnd,  us  sulphate  of  alumina,  and  its  subse- 
quent quantitative  determination,  in  a  portion  of  blood  drawn  from  another  pari  of 
the  §y:*tem.  This  means  of  estimation  gives  the  proportion  of  blood  to  that  of  the 
budy'iiji  1 :  8  or  «9  1 :  9  (see  Prof.  Dunglison's  Physiol.,  8th  edit.,  vol.  1,  p.  357),  and 
h  in  accordance  with  the  results  obtained  by  Lchmann  and  Weber  in  their  examina- 
tion* of  the  quantity  of  blood  discharsjed  from  two  decapitated  criminals  (Lehmann, 
Lehrbuch,  2d  edit ,  Bd.  ii,  p.  284).  For  recent  papers  on  this  subject,  which,  how- 
ever, »dd  little  t<^  our  knowledge,  see  Brozeit,  Pfliiger's  Archiv,  1870,  p.  353;  Stein- 
h^rg  in  idem,  1873,  p.  101 ;  and  Gscheidlen,  in  idem,  1873,  p.  350.  Brozeit  obtains 
thf  Usematin  by  means  of  ether  and  hydrochloric  acid  from  a  given  quantity  of  the 
WHi'hings  after  venesection,  compares  it  with  that  in  the  same  quantity  of  blood,  and 
maktM  the  requisite  calculation.  Steinberg  proceeds  on  the  principle  that  solutions 
of  hn'inoglobin,  when  of  a  certain  strength,  transmit  green  light. 

*  Anntuniical  and  Physiological  Researches,  vol.  ii,  p.  140.  This  fact,  which  har- 
monizes with  the  inference  to  be  drawn  from  the  observed  results  of  a  high  external 
temiyfrnturc  in  reducing  the  excretion  of  carbonic  acid  (chap,  ix),  is  of  great  prac- 
tical in){M>rtance. 

»  Ik'rnard,  lK-9on.«,  1859,  voL  i,  p.  324. 

*  Sjetschenow,  SiUzungsberichte  d.  Kais.  Akad   d.  Wiss.,  xxxvi,  1859. 

*  Wagner'*  Handworierbuch  der  Phys.,  Art.  Blut,  Bd.  i,  p.  82. 

*  Ife9\>ns  sur  leB  Liquides  de  I'Organisme,  1859,  iii,  iv,  v,  vi. 
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blorMJ  which  ha^  the  lowest  temperature  uoder  ordinary  cireumstaDcefi  u  tiiit' 
which  ha*  circulated  through  the  cutaneoiii  capillaries*  where  it  hl^  been 
exposed  to  the  cooIiDg  influences  of  evaporation  arid  radiation ;  thoo^h  Bt-r* 
nard  ascertained  that  on  carefully  enveloping  the  hea<l  or  linibfl  of  an  animai 
in  cotton- wool,  the  temperature  of  the  arterial  and  venous  bhx>d  in  ibe  larg^ 
vessels  soon  becomes  equalized.     The  blood  of  the  lefl  vcDtricle  again  is,  fm  , 
Hinilar  reasons,  generally^  of  a  lower  temperature  than  that  of  the  riglii. 
The  highest  temperature  is  attained  in  passing  through  the  glandi?,  mnHcl^fe*^] 
and  nerves;  for  in  all  such  parts,  especially  duriug  the  active  perfLirmn«ce| 
of  their  functions,  energetic  processes  of  oxidaiion  are  being  earried  on  J 
Hence  the  blood  of  the  Vena  Portse,  which  has  traversed  the  eapinarie?  or 
the  intestines,  spleen,  etc-,  is  warmer,  especially  during  digesticin,.  ihuo  evefi] 
the  arterial  blood  ;  and  the  blood  which  pa<?se^^es  the  highest  tern  pern  tu  re  id  J 
the  body,  and  which  is  ft-equently  2^  or  3*^  F.  above  the  ordinary  ireit'itii| 
blood  h  that  of  the  Hepatic  Vein^  which  has  been  subjected  to  *h'f*  sictii 
assimilative  operation  of  the  liven     The  specific  heat  of  tiie  " 
Ox  is  on  the  average  1.02.^     When  we  add  that  the  Rloo^l  ha;^  n  t4 

and  a  faint  odor  resembling  that  of  the  pulmonary  and  eutaneou-^  exbaifittcinil 
of  the  animal  from  which  it  is  drawn,  we  have  enumerated  all  the  ebftnu^j 
teristics  which  can  be  made  out  by  the  unassisted  eenses, 

172,  When  the  Blood  is  examined  with  the  Microscope,  either  inimecii-l 
ately  upou  being  drawn,  or  whilst  it  is  yet  circulating  in  the  ves^ls  nf  thM 
living  body  {m  in  the  tongue  or  foot  of  the  Frog,  the  wing  of  the  But,  tb^] 
omentum  of  the  Guinea-pig,*  or  any  other  oiembranous  expansion  of  stmilnr 
transparency),  it  h  ^een  that  its  apparent  homoj?eneity  ts  not  renl,  but  ihall 
it  consists  of  two  very  diSerent  corapouents.     These  are  a  transparent  undl 
perfectly  colorless  litpiid  whit*h  is  known  as  the  Liquor  Sanrpmn*,  and  n  »"t| 
of  Cor}^nt*ch'^  which  are  pui^pended  in  it:  the  great  mass  of  thi^c  last  pr^5«?i»l 
a  distinctly  red  hue,  and  it  is  to  their  pre^ience  alone  that  the  color  i>f  tU«1 
bliKjd  is  due;  but  there  are  ii\m  to  be  seen,  R^atteried  among  the  red,  a  few! 
which  are  ro/wr/e^,  and  which  dif!**r  from  the  red  in  some  other  |iartirt*krs 
presently  to  be  noticed.     On  the  either  handj  when  the  Blood  has  been  drawn  < 
from  the  hody,  ajid  is  allowed  to  remain  at  rest,  it  undergrie^  at  ordinary  I 
temperatures  s[)onla neons  coagulation,  in  the  course  of  which  it  scparatrij 
into  a  red  Cra^mmenimnj  and  a  nearly  colorless  Serum.     The  " crassamenJ 
turn''  or  **clot*'  is  composed  of  a  network  of  Fibrin,  pre^nting  a  more  orl 
lesa  distinct  fibrous  texture;  in  the  meshes  of  which  the  Corpuscle?,  holb  rrdj 
and  colorless,  are  involved,  together  with  a  certain  amount  of  serous  fluid*, 
The  ** serum,"  which  is  the  same  with  the  ** liquor  sanguinis"  depriv^^^  of 
its  fibrin,  coagulates  by  heat,  and  is  therefore  kuown  to  eontain  AUnime^  ;| 
and  if  it  be  exposed  to  a  high  temperature  sufficient  to  decom|>osi>  the  aoi-l 
mal  matter,  a  considerable  amount  of  earthy  and  alkaline  Salts  trmHin?.^! 
Thus  we  have  four  principal  components  in  the  Blood;  namely,  Fibrin,  Jf*, 


*  Se«  tb€  viiriiiUl**  reftulta  obtnined  in  Cnlin'a  experiments,  reeordod  In  tbe^nQ.  «!♦ 

Sci.  Ntvt,.  S=!or.  %%  t.  vii,  1S67,  p,  1*3.  Jjtcobson  und  B*?tnliivrdt  fownti  tfai'  t^^mfn^rmttifu 
of  thff  Loft  ilvun  to  be  from  i).V2P  to  0,42°  CVnt,  wftrm*?r  Ihiiii  llw  Ili-^Oit,  n^  an'^f- 
tnincd  by  ih*!  intriHluction  of  a  campnund  needle  ewtinpelod  with   n  i^t* 

«j>pftrHlu3  ill  rough  the  parietes  of  Ibe  cheat  tnta  the  cavity  of  ibe  veriti  r^ 

Imlblntt,    1868,  n-  fS't^h     Korner,    howev*5r    (liiHUij.  DIsshH.^    I'.  -m;,  nud 

Heidefihiiin  (FHti^i^r's  Arciiiv^  Bd.  iv,  fio8)  Buppurt  Berniird'^  -  Albi*rt 

Htiil  8irifker  i^trieker'ji  JnbrbiK?ber,  1^7^,  \h  2\H  Immd  ti  Ih--'  "■  ■'■-»  •"-•*'' 

Uk^  giilti^f fitter  itf  th©  musculnr  ibme  i»f  tlio  lefi  Vi^nlriele,  gtO" 
ibun  whi-n  tntrt>diK'<?d  into  llie  capifif  nf  the  sntn©  \*i*fitrk'I^  mv         ■     ^ 
iiiny  in  pnrt  explain  the  distTi^pimey  in  Iho  diffiTent  i-xperifiittntA. 

*  GtinigCHj  J**Mrn«  tjf  Anui.  Hnd  Pby><i*rL,  vol,  ii,  p.  lliD. 

'  Bee  Burden  Sttnd«rioni  Unodb^k  for  Ibt  Fbjsiotogienl  Labotftti^y,  1874»|k.  21L 
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bumen.  Corpuscles,  and  Saline  matter.    In  the  circulating  blood,  they  are 
thus  combined : 


Fibrin, 

Albumen,  }>In  solution,  forming  Liquor  Sanguinis. 

Salt., 

Corpuscles, — suspended  in  Liquor  Sanguinis. 


1,  vin  i 


But  in  coagulated  blood,  they  are  combined  as  follows : 

Fibrin,         ")  Forming  Crassamentum,  or  Clot,  which,  however,  al- 
Corpuscles,  j      ways  contains  more  or  less  serum  in  its  meshes. 

g^l  "    ®  *    >  Remaining  in  solution,  forming  Serum. 

The  change  from  the  one  condition  to  the  other  is  due  to  the  fibrillation  of 
the  fibrin;  which  usually  takes  place  so  speedily  as  to  involve  the  Corpus- 
cles floating  in  the  "liquor  sanguinis,"  before  they  have  time  to  subside ; 
mlthough,  under  various  conditions  hereafter  to  be  described,  it  may  occur 
in  such  a  manner  that  the  clot,  or  a  portion  of  it,  is  leil  colorless. 

173.  The  Bed  Corpuscles  of  the  Blood  (commonly  but  erroneously  termed 
"globules")  are  minute,  nearly  transparent,  yellowish  bodies,  of  a  flattened 
or  discoidal  form,  which,  in  Man,  as  in  most  of  the  Mammalia,  have  a  dis- 
tinctly-circular outline  (Figs.  101,  102).  In  the  disks  of  Human  blood, 
when  this  is  examined  in  its  natural  condition,  the  sides  are  somewhat  con- 
GAYe;  and  there  is  a  bright  spot  in  the  centre,  which  has  been  regarded  by 
many  as  indicating  the  existence  of  a  nucleus;  though  it  is  really  nothing 
eke  than  an  effect  of  refraction,  and  may  be  exchanged  for  a  dark  one  by 
slightly  altering  the  focus  of  the  Microscope  (Fig.  101).  The  Corpuscles  of 
Man  and  Mammalia  seem  to  be  homogeneous  masses  of  germinal  matter, 
soft,  elastic,  transparent,  and  structureless,  refracting  light  singly,  and  hav- 
ing a  specific  gravity  of  about  1088.  The  appearances  of  a  proper  cell-wall 
and  nucleus  which  they  present  when  subjected  to  the  action  of  certain 
reagents^  are  probably  deceptive,  and  arise  either  from  physical  or  chemical 
changes  occurring  on  their  surface  or  in  their  substance.  Mr.  Wharton  Jones, 
from  considerations  connected  with  their 

development,  regards  them  as  free  nu-  fio.  loi. 

clei,  though  they  certainly  possess  neither 

the  physical  nor  chemical  characters  of  ^  ^ 

nuclei,  but  are  very  euergetically  acted  .^ra^ifeh  i 

on  by  numberless  reagents,  which  are         -iCflJSfcS^ 
quite  powerless  on  the  nuclei  of  the  red 
corpuscles  of  the  blood  of  Birds,  Rep- 
tiles or  Fishes.     Mr.  Gulliver  considers 
them  to  be  peculiar  bodies  without  any 

known  homologues  in  the  blood  of  these  _ 

pyrensematous   vertebi-ates.     The    form        „  .  ^         ,      ,  „         di    i 

■  i     1        T»     1    /-I  1       •  11  R^  Corpuscles  of  liuinan  Blo<xl :  repre- 

of  the  Red  Corpuscles  is  very  much  al-     ,^„t^  ^^  „  „  th^y  are  soon  when  rather  »)e- 

tered  by  various  reagents.      Thus  it  they       yond  the  focus  of  the  mioroscope ;  and  at  6,  as 

be  treated  with  water,  they  first  become     they  appear  when  within  the  focus. 
flat,  and  then  double-convex,  so  that  the 

central  spot  disappears;  and  by  a  continuance  of  the  same  process,  they 
at  last  become  globular,  and  so  attenuated  that  a  diffusion  of  their  substance 

'  Strons:  arguments  have  recently  been  adduced  by  Dr.  J.  G.  Richardpon  of  Phila- 
delphia (On  the  Cellular  Structure  of  the  Rrd  Blood-corpuscle,  Pamphlet,  1870),  to 
show  that  the  red  corpuscles  of  the  Menofyranchns  or  Proteus  {BairacUia)^  are  truly 
cellular.  On  division  the  contents  escaped,  and  the  cell-wall  collapsed,  and  crystals 
were  frequently  found  in  the  interior,  over  which  the  cell- wall  appeared  to  be  stretched 
like  a  tent  over  a  tent-pole. 
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eeemi  to  take  place  through  the  surrounding  liquid.^     With  riilute  ^^kttoasl 
of  eotnmon  salt  they  become  prickly  ou  the  surface,  so  aa  ti>  reserable  th«^ 
fruit  of  the  horse-chestnut  (a.  Fig.  102  and  e.  Fig*  104/)     The  prnjertion^^ 
seen  in  profile,  give  the  corpuscles  a  stellate  form,  and  tho^  seen  rn  hee  j 
appear  aa  black  dots.     With  acetic  acid  the  corpuscles  become  glf>hular  unit 
pale,  but  their  outlines  remain  distinct;  with  solutions  of  magenra  they  ^weJll 
up  and  assume  a  faint  rose  color,  a  dark-red  spot  appearing  on  stime  potnti 
of  their  circumference.     With  (2  per  cent*)  sr^iutions  of  Tannin,*  afier  the  i 
lafme  of  twenty  or  thirty  seconds  some  point  of  the  circumference  f>f  ihr  rrtl 
corpuj^cle  appeatij  to  gi%*e  way,  and  a  small  hut  ton  of  highly  refmrtile  yel- 
lo wish-green  iiubstance  projects,  which  sometimes  contains  a  vei^iculiir  bo*ly 
that  may  again  he  retracted  into  the  corpuscle  by  the  action  of  acetic  add. 
The  sitnilar  appearance?*  produced  by  the  action  of  a  one  per  cent,  sohni^^o 
ofBoracic  acid  on  the  red  corpusclei^'of  Reptilia  have  led  Briicke'  to  r^giinl 
the  Blood-corpuscles  in  the^e  auimals  as  consisiting  of  a  tranapar^Jit  shell  or  ^ 
case,  the  *'^coi4/'  which  b  occupied  by  the  "zaoid"  the  latter  being  coni- 
posed  of  the  nucleus  and  haemoglobin.    If  carbonic  acid  gas  be  transmutf^J 
through  a  drop  of  blood  which  has  been  mingled  with  a  little  saline  solu- 
tion so  that  the  corpiiscles  have  become  horse-chestnut  shaped,  the  ^tell;*] 
disappear,  and  although  there  are  many  which  do  not  reassume  their  natur  ' 
biconcave  form,  remaining  saucer-shaped,  yet  their  surfaces  became  m 
and  even.     On  the  transmission  of  air  they  again  become  horseKihfl 
aha])ed,  and  this  alternating  effect  may  be  repeated  seveml  times. 
suggests  that  the  action  of  Tannin  and  Boracic  Acid  is  due  to  phcnoa 
of  CiMgulatiou,and  ihat  of  carbonic-acid  gas  to  the  resolution  of  a  ?pont 
ously  coiigu  iated  constituent.   Bik  and  Urea,  according  to  Kubne,  d issolve  1 
red  blotxl-cellii,  though  Jurasz*  maintains  that  they  only  #wcll  up  and  burst; 
the  addition  of  Urine  seems  to  exert  no  other  influence  upon  tbetii  tiian  a 
saline  solution  of  equal  density  would  do,  as  was  long  since  ascertained  br 
Ucwson,     Alkalies  cause  the  corpuscles  to  swell  and  to  become  eiip^baped, 
ailer  which  they  lose  their  coior  and  disapf^car.     The  pAisagt  of  a  curreiit 
of  electricity  produced  by  the  discharge  of  a  Leydeu  jar  (having  a  iorittce 
of  500  square  centimetres)  at  intervals  of  from  three  to  live  minutes,  cattdet 
the  circular  disks  to  become  slightly  crenate,  then  roeette-sbaped  and  horse- 
chestnut-shaped;  still  later  the  proc^ses  are  wiihdrawrn  and  the  cor pUKdea 
become  round  and  pale,  giving  up  their  coloring  matter  to  the  surroun  '" 
fluid,*    If  blood  be  exjx»eed  to  a  temperature  of  140"^  or  150^  F.,  or  if| 
frojten  and  then  thawed  once  or  twice,  or  if  the  whole  of  the  gase«  be  rein 
by  the  air-pump,  the  corpuscles  di^ppear,  the  coloring  matter  §taininj 
Berum  of  a  lake  color,  and  only  a  few  flocculi  remain  t  Rollett).     Prol 
Lehmanu  has  remarked'  that  some  of  the  red  corpuscles  resist  the  toflfl 
of  reagentd  much  more  than  others  do,  and  he  infers  that  the  laittfr  ai«  1 


>  A  Hrga  fiumb«r  tit  experiment?  of  tliu  kind  were  mad^j,  and  tbeir  re«alt«ice«- 
miely  recorded,  by  Hew^an  (see  hla  Inquiry  into  the  Priiportie^of  the  Blood,  ITH^^iod 
bii  iieseription  of  the  Ri»d  Particles  of  ih©  BlmKi,  17R8|j  who  correctly  dtvm  fr^o 
them  thij  inferBnco  of  ihp  vfsUnhr  ch»r«cier  of  iho  Red  Curi>u«?les  tlm^n^^t  tfiv  Prr- 
enitniMta.       Sl-o  iilso  the  Lwtures  of  Mr.  Ancell  cm  the  Bloody  in  tht*  V.  > ';? 

the  Mtdioir  uf  Dr.  G.  O.  Rees  and  Mr.  S.  Lime,  in  Guy's  Ho(*(i.  E*ip.,  -n-d 

thi»  Gxci-llent  lectures  hv  Mr,  GuUiveri  dclivcrecl  at  the  Colk*^  of  SiirgcH>A*  i&  1S$2* 
(>3,  in  Med.  Times  and  Gnzette, 

^  Robert*,  Proceed,  of  Roy.  Shjc.,  vol.  %u,  1863,  p.  4|iL 

'  See  his  VoHesungen  iiber  Phydolog.,  1S74,  p.  73. 

*  Hundbook  tu  the  Lnboriitt*ry.  *  loflug.  Di**,  Gr^tftwtU* 

•  Kk>iti,  op.  elLj  p.  17.  SeenW  Bdttchor,  Virchow'*  Archiv,  Bd,  z^xix,  1007, p  * 
127, 

^  Op.  cit,  voL  ii,  pp.  It*. 
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older  cells  as  having  the  strongest  tendency  to  disintegration.  It  is  prob- 
able that  the  Blood-corpuscles,  even  whilst  they  are  circulating  in  the  living 
vessels,  are  liable  to  alterations  of  form  from  variations  in  the  density  of  the 
fluid  in  which  they  float ;  and  that  such  alterations  may  be  constantly  con- 
nected with  certain  disordered  states  of  the  system.*  Thus,  even  with- 
out such  an  alteration  in  the  Blood  as  would  constitute  disease,  its  propor- 


Bcd  and  white  corpuscles  Id  blood  from  the  finger  X  2800  linear.  The  large,  smooth,  circular  bodies 
arc  the  red  corpuscles.  Three  rerj  small  red  corpuscles  are  less  than  l-8000th  of  an  inch  in  diameter. 
Th«  imalleiit  particles  are  composed  of  matter  like  that  of  which  the  white  blood-corpuscle  (ft)  consists. 
Threads  of  fibrin  undergoing  coagulation  are  observed  between  the  corpuscles,  a,  red  corpuscle,  ex- 
UbiliBg  angular  projections ;  below  It  and  to  the  left  is  another  with  still  more  pointed  processes. 

tion  of  water  may  be  temporarily  so  much  diminished  by  diuresis  or  exces- 
sive perspiration,  unbalanced  by  a  corresponding  ingestion  of  liquid,  that 
the  corpuscles  may  be  made  to  present  a  granulated  edge;  which  is  rendered 
smooth  again  by  the  dilution  of  the  liquor  sanguinis  with  water.  We  hence 
see  the  necessity,  in  examining  the  Blood  microscopically,  for  employing  a 
fluid  for  its  dilution,  that  shall  be  as  nearly  as  possible  of  the  same  char- 
acter with  its  ordinary  "liquor  sanguinis."  In  the  following  Fig.  (103), 
which  shows  the  form  and  size  of  the  red  blood-corpuscles  of  animals  be- 
longing to  each  division  of  the  Vetebrate  class,  most  accurately  drawn  to 
scale  by  Mr.  Gulliver,'  it  will  be  seen  that  whilst  in  Man  and  all  Mammalia, 
with  the  exception  of  the  Camel  tribe  (4),  they  are  circular,  and  destitute  of 
a  nucleus,  or  apyrenajinatous,'  in  Birds,  Reptiles,  and  Fish,  except  only 
some  of  the  lowest  forms  of  the  last,  the  corpuscles  are  uniformly  oval  and 
nucleated,  or  pyreniematous:  in  the  Camel  tribe,  though  the  corpuscles  are 
oval,  yet  they  conform  to  the  Mammalian  type  in  being  free  from  a  nucleus, 
and  in  their  small  size.  Mr.  Gulliver  has  particularly  insisted  on  this  dif- 
ference in  the  blood  of  the  Mammalian  and  Oviparous  Vertebrata,  main- 
taining it  to  be  the  only  single,  universal,  and  characteristic  difference  be- 
tween them.* 

*  See  Dr.  G.  O.  Reos*8  GulstoniHn  Loctures,  in  the  Medical  Gazette  for  1845. 

•  See  Proceeding*  of  the  Zoolog.  Soc.  of  London,  18G2,  p.  101. 

•  a.  not,  TTvpr^Vj  a  nucleus,  and  aifta^  blood. 

*  The  following  mensurements  of  the  blood  of  domostic  animals  (expressed  in  vul- 
gar fractions  of  an  English  inch)  have  been  selected  from  Mr.  Gulliver's  observa- 
tioHF,  as  the  most  likely  to  become  of  interest  in  Juridical  inquiries  : 

Man, Y,!^^  I  Mouse,     ....     jj^jj  I  Cat, ^^V? 


5*:^. 13^ 

Rabbit,     ....     ,^7 


Ass, ^3»57    Horse,      ....  :f^^ 

P'gi WiiylSheep,      ....  ^yVv 

^x ^f^jjwjGoat, |j3Vy 

Red  Deer,     .     .     .  ^^^^  \ 
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.00  Ol'°.'0 


'(!) 


■(!) 


«®l)  ,^1,^ 


All  the  Corpuscles  here  shown  are  drawn  to  the  uniTorm  scale,  at  the  bottom  of  the  woodcat,of 
MOOOih  of  an  En^liish  inch,  and  the  measurements  are  expressed  in  Tulgmr  fhusiions  of  that  inch.  T. 
D.  signifies  transverse  diameter ;  l.  d.  long  diameter ;  s.  d.  short  diameter. 

Mammalia.  |    t.  d.        l.d.   t    8.i>. 

1.  Red  Corpuscle  of  Man,  seen  on  the  flat  surface  and  also  on  the  edge ; 

thickness  1-12400 '  l-n200 

2.  "  of  Elephant 1-2745 

3.  "  of  Musk  Deer 1-12325 

4.  "  of  Dromedary,  thickness  1-15337 !..... 1-3254:1-^0121 


5. 
G. 


8. 
9. 
10. 


11. 
12. 
13. 


AVES. 

of  Ostrich 

Nucleus  of  Ostrich.. 

of  Pigeon 

of  Humming  Bird.... 


Reptilia. 

of  Croco<lilc 

of  Python 

of  Proteus 


PiSC'ES. 


of  Perch.. 
of  Pike.... 
of  Shark.. 


1-1G49 
1-3200  l-91li 
1-2314  >  1-3429 
1-20 


1-1231  ,  l-»8$ 
1-1440     1-«IW 


1-2461 
1-2000 
2-1143  l-NM 


For  H  critique  showing  that  too  much  reliHnce  must  not  be  placed  upon  them,  fee 
Woodward,  Month.  Mic.  Journ.,  F«b.  Lst,  1875. 

A  Tabular  summary  of  Mr.  Gulliver's  very  numerous  and  accurate  meiisurementi 
of  the  Ked  Corpu.^cler*  of  the  Blood  of  diffi^rent  animals,  from  all  the  claasee  and  most 
of  the  orders  of  the  Vertebrate  series,  is  contained  in  the  Proceedings  of  the  Zoologi- 
cal Society,  No.  cii,  and  also  in  his  edition  of  the  Works  of  Hewson,  already  referred 
to,  published  by  the  Sydenham  Society  (p.  2^7).  Manassein  (Ccntralblatt,  1871|p. 
689)  finds  that  agents  or  conditions  which  lower  the  temperature  of  the  body,  at  Mo* 
riate(»t' Quinine,  Alcohol  and  Acute  Ana>mia  effect  enlargement  of  the  blood-corput- 
clcs,  whilst  they  are  dimini.shed  in  size  by  agents  exalting  the  temperature  of  the 
body,  as  Heat,  Septicemic  poisoning,  and  exposure  to  Carbonic  Acid.  They  enlarge 
under  exposure  to  Oxygen. 


nl^ 
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174.  The  fwrm  of  the  Red  Corpuscles  is  not  unfrequently  seen  to  change 
during  their  circulation ;  but  this  is  generally  in  consequence  of  pressure, 

Fio.  104. 

-^  ^  "^  ® 

Tarious  forms  assumed  by  blood-corpuscles  after  withdrawal  from  the  body.  The  first  represents  an 
oval  corpuscle  of  the  frog  breaking  up  into  segments.  The  corpuscle  marked  a  exhibits  the  formation 
of  a  crystal  within  a  red  corpuscle  (Owsiannikow).  b^  c,  d,  forms  represented  by  B6ttcher.  The  re- 
mainder are  from  Mr.  Gullirer's  drawing. 

from  the  effects  of  which,  however,  they  quickly  recover  themselves.  In  the 
capillary  vessels  they  sometimes  become  suddenly  elongated,  twisted,  or  bent, 
through  a  narrowing  of  the  channel ;  and  this  change  may  take  place  to 
such  a  degree  as  to  enable  the  disk  to  pass  through  an  aperture  which  ap- 
pears very  minute  in  proportion  to  its  diameter. — The  size  of  the  blood-disKs 
18  liable  to  considerable  variation,  even  in  the  same  individual ;  some  being 
met  with  as  much  as  oi^-third  larger,  whilst  others  are  one-third  smaller, 
than  the  average.  The  diameter  of  the  corpuscles  bears  no  constant  rela- 
tion to  the  size  of  the  animal,  even  within  the  limits  of  the  same  Class ; 
thus,  although  those  of  the  Elephant  (2,  Fig.  103)  are  the  largest  among 
Mammalia  (as  far  as  is  hitherto  known),  those  of  the  Mouse  tribe  are  far 
from  being  the  smallest,  being,  in  fact,  more  than  three  times  the  diameter 
of  those  of  the  Musk  Deer  (3,  Fig.  103).  There  is,  however,  as  Mr.  Gulliver 
has  remarked,  a  more  uniform  relation  between  the  size  of  the  animal  and 
that  of  its  blood-disks,  when  the  comparison  is  made  within  the  limits  of  the 
same  Order.  In  Man,  their  diameter  commonly  varies  from  about  ^o^ooth 
to  T^ooth  of  an  inch,  with  still  wider  extremes ;  the  average  diameter  is 
about  Y2oo^^  »  ^^^  their  average  thickness,  according  to  the  same  excellent 
observer,  is  about  j^ioT^^^  ^^  *°  mc\\.  According  to  the  estimates  of  Vie- 
rordt,  which  have  been  corroborated  by  Mantegazza,  a  cubic  centimetre  of 
human  blood  contains  about  5,000,000  red  corpuscles  (in  the  male,  4,500,- 
000  in  the  female),  and  about  14,000  colorless  ones. — M.  Malassez^  finds  that 
the  number  of  corpuscles  varies  in  different  parts  of  the  circulation,  the 
largest  number  being  contained  in  the  smaller  arteries  and  capillaries 
(4,300,000),  and  a  smaller  proportion  in  the  larger  arteries  and  veins 
(4,000,000,  vein  of  arm).  The  richness  of  the  blood,  however,  is  not  de- 
pendent alone  on  the  number  of  the  corpuscles,  but  upon  their  volume  and 
the  quantity  of  haemoglobin  they  contain. — The  color  of  the  Red  Corpuscles 

*  De  la  Numeration  dos  Globules  Kougcs  du  Sang.  Pamphlet,  Paris,  1873 ;  also 
Abstract  by  Dr.  Ferrier  in  Medical  Record,  Jan.  8th,  1873.  In  this  method  of  esti- 
mation the  blood  is  drawn  into  a  capillary  glass-tube  of  known  diameter,  diluted  with 
a  definite  quantity  of  serum,  and  the  corpuscles  counted.  Among  mammals  the 
number  varies  from  about  8,600,000  (Rabbit)  to  18,000,000  (Goat)  in  the  cubic  cen- 
timetre. Camels  possess  about  10,W0,000 ;  Birds  (Cock),  2  000,000-8,800,000 ;  Osse- 
ous Fishes,  700,000-2,000,000;  Cartilaginous  Fishes,  140,000-230,000. 


18  very  pale  wlxen  tbej  are  lying  in  ii  single  strntum :  and  it  i?  mii 
we  see  three  or  four  or  more  together  in  rolls  or  cliinip^  that  thf  full,  ^ 
red  tint  of  their  eonteuts  becomes  apparent.    The  cause  of  the  -  in 

hue  between  the  eorpuscles  of  arterial  and  tbo&e  of  venosM  bl'      .        i  be 
considered  hereafter, 

175,  The  Red  Corpuscles,  when  fi-eelj  floating  in  the  liquor  ^nj^'iiiiib 
of  blood  no  longer  in  motion,  exhibit  a  marked  tendency  to  appro:cJinite 
one  another:  th^ualJy  coming  into  contact  by  their  flat teoed  surface*,  50 
that  a  number  of  them  thus  aggregated  present  the  appearance  of  a  pile 
of  coins;  or,  if  the  stratum  be  100  thin  to  permit  them  to  lie  in  tbiB  manner, 
partially  overlapping  one  another,  or  even  adhering  bv  their  edges ^  which 
then  fre«[uently  become  polygonal  instead  of  circular.  t*he  corpa>iele5,  whea 
thus  adhei-ent,  resist  the  influence  of  forces  which  tend  to  detach  them,  and 
will  even  undergo  considerable  changes  of  shape,  rather  than  separate  from 
each  olberj  if  forced  asunder,  however,  they  resume  their  normal  form* 
After  thus  rumaining  adherent  for  a  time,  they  seem  to  lose  their  attractitfi 
force;  for  they  are  then  seen  to  sef>arate  from  eacU  other  sponULnenu&lj. 
Tbit?  peculiar  tendency  to  aggregation  is  most  strongly  manifested  in  in  flam* 
matory  blood,  and  agists  in  the  production  of  the  buffy  coat;  whilst,  on  tli« 
other  baud,  it  aeems  to  be  neutralized  by  the  action  of  most  ttalltie  sub- 


Frij.  1«L 


Ft^i.  m*. 


^(#0 


A 


®oooo 


Fio,  1i>fi.— Kfd  eorpnwt^i  ind  pile  eelbqf  blcMM]  ind  lyn^pih-globisU'*,    At  d^  four  r*A  oarfiuwl 
bllr«  pdlv  globuk'A;  ^t  ^,  fouf  lytuph-gtcibuteji,    Tb(?  fif9l  p«l«  gLobiil' 
i  lilt  it  only  tulniitclj  t^rftuiUjir,  hqc)  i]w  fourUi  Ia  c«i[lipi«sd  motl 
rglntmin  are  to  ttic  natural  Etale,  but  the  Bfccind  iliaw^  Llsctrcalur  i.         .        ,        .     ^ 
Wfnlt  itiH'tic  nvl4,  atsd  Uu>  third  Oie  nucleu*  divided  after  tJTiitiiieiit  by  BtrnniiEor  itrUl-    Of  r 
gloliule^  I  whicli  a  IT  fmui  jiti  ItigufiiAJ  gUiidi  al  c,  tb<?  Hrst  two  are  In  thnir  natunl  »!»(« ;  b:> 
\wir  lirD»  ifler  hfttibg  befio  long  itecped  In  itroing  acetic  actd.    Fruui  «  ehUd,  ftga4  tlimv  ac£i4ciitjUljr 
klikd. 

Frr>,  loe,— Red  corpu*ele>  &f  Man  (oo  tht  auuv vcftle  of  oii(^-fPur-tU#u»aiiclili  or  nuif iad  •!  ' 

Fig.  I'DCtK    At  a,  tbe  carpusclcA  are  seen  flat,  on  «dg«>  atsid  tu  roU»;  llie  twa  fir  .  »llo«  Uri 

i^enlfjil  sfwt  tar  coDcaTity^  dark  and  light  1  next  Am  tboirii  Urn  ttleoueaTe ^lul  c  . ._  .  l.t*«  1wm§i 
aiuuDig  tlic  rolb,  oii«  corpfUfcle  b  drairn  otit  by  Tlrtu«  id  1\m  TtBctdfiy,.  tod  wold  r«aum«  iu  tkrmlki 
«hn|^  by  Tirtue  af  its  elaaliclty. 

stances,  since  if  these  be  added  to  the  blood  the  corpuscles  do  not  mti 

■  together,  or  instantly  separate  if  they  have  alruady  become  adherent*     ll 
.Ippearii  to  l)c  a  purely  physiical  phenomenon,  dependent  on  the  rclationa  of] 
cofaesion  ejdstiDg  between  the  particles  of  mVuh  and  fluidif,^ 


»  St^e  Dr.  Norris^Qf  Iljrmlngbam,  Proceed,  of  Koy.  Soe.,  No.  112,  1S09,  ifiia  bii  ^ 
shuwn  ihni  it  cnn  be  elugely  iLiiiiutcd  by  partially  immeriing  poised  cork  ditlu  m 
-water  or  other  liquid,  the  jm nicies  of  the  aolid  outside  the  liquid  h^viiif  an  uttnic- 
tion  for  «*ach  other,  which,  owing  to  the  slight  teihi»nce  offered  by  ilit-tluvd,  liMuh 
to  i£ioveti]4.mt  tbfough  very  e«n$ib)e  dislan<:efi.    Such  diiki  «xbibit  no  tvodisnc^j  ui 
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176.  Besides  the  red  corpuscles  of  the  blood  there  are  others  which 
possess  no  color,  and  may  have  an  altogether  difierent  function.  These  are 
known  as  the  White  or  Colorless  corpuscles  (6,  Figs.  107,  108,  109).    From 

Fio.  107. 

the  researches  of  Dr.  Klein  on  the  blood  of  the  Newt,  there  appears  to  be 
three  varieties  of  white  corpuscles  in  this  animal. 

1.  The  first  is  the  common  large  colorless  corpuscle.  These,  when  examined 
immediately  after  they  have  escaped  from  a  bloodvessel,  are  round  and 
transparent,  with  a  smooth  surface.  A  few  minute  granules  are  scattered 
through  their  substance  (6,  Fig.  105).  If  means  be  taken  to  maintain  the 
temperature  of  the  microscope  stage  at  about  100°  Fahr.,  and  to  prevent 
evaporation  (as  with  a  Strieker's  warmed  stage),^  the  surface  may  be  ob- 
served to  become  rough  and  prickly,  one  or  two  nuclei  characterized  by 
their  duller  aspect,  and  some  perfectly  clear  spaces  or  vaciLolce,  which  are 
believed  to  be  clear  spaces  fillea  with  fluid,  make  their  appearance,  and  the 
whole  corpuscle  undergoes  slow  but  continuous  and  most  remarkable  changes 
of  form,  closely  resembling  those  of  some  of  the  lower  organisms,  and  hence 
termed  amoeboid.  These  were  first  observed  by  Mr.  Wharton  Jones.^  Sev- 
eral such  alterations  of  form  are  represented  in  the  adjoining  cut. 


Fio.  108. 


o.  Common  wbite  corpuscle,  soon  after  its  withdrawal  from  the  vessels. 

b.  The  surface  become  prickly,    c,  Protrusion  of  larger  processes,  and  apparition  of  nuclei. 

The  tips  of  the  processes  are  usually  rather  more  transparent  and  hyaline 
than  the  rest  of  the  corpuscle,  and  a  current  seeming  to  carry  some  of  the 
fine  granules  and  one  or  more  of  the  nuclei  sets  into  them  and  urges  them 
to  further  protrusion.  Movements  of  locomotion  as  well  as  of  mere  change 
of  form  are  thus  effected,  and  after  straying  over  the  field  of  the  microscope 
for  some  time  the  movements  either  become  more  and  more  feeble  until  they 
cease  altogether,  or  the  corpuscle  may  gather  itself  together  again  and  re- 
sume its  original  nearly  spherical  form.^     Both  the  nuclei  and  the  vacuola) 

run  into  rouleaus  if  thoy  are  wholly  pubmergod  in  n  fluid  that  will  wet  them,  because 
then  a  coh<r»ive  cquilibruim  is  established  ;  but  they  can  asjain  be  made  to  do  so  by 
wetting  them  with  some  liquid  that  is  unmiscible  with  the  one  in  which  they  aro 
iubmerged. 

'  See  Strieker's  Human  and  Comp.  Histology,  Ne\Y  Syd.  Soc.  Translation,  1870. 

•  Phil.  Trang.,  1846,  pp.  64,  71,  90,  etc. 

•  According  to  Dr.  Richardson,  Report  on  the  Structure  of  the  White  Blood-Cor- 
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undergo  const aot  chaHge  alike  in  their  form  awd  relative  pogitiotL 
size  of  these  white  corpuscles  is  rem  ark  ably  uDifoni)  in  the  differeot  eli 
of  the  animal  kingdom,  being  seldom  much  greater  or  less  than  ji^flth 
of  an  inch  in  the  warm-blooded  Vertebrata,  and  ^^^(jth  of  an  iodi  in 
Reptiles. 

2,  A  second  kind  of  colorless  Coqiiiscle  in  the  blood  of  tlie  Kewt  hns 
been  described  by  Dn  Klein/  under  the  term  Grtsnulur  corprntcleji.  Tht*s€ 
are  larger  but  less  numerous  than  the  Dthers,  and  ai«  eharaeterizied  by  ibe 
large  dark  gmnules  they  contain. 


A  grmfiubr  corpuacLo'  of  tbc  Newt,  ^honring  chAogf^  aaaunitid  ni  &a«€ii  mimucct. 


Their  movements  are  much  more  active  than  the  former  variety,  but  ol 
wise  present  a  close  fireneral  rascmblance  to  them* 

3,  Besides  the  ordinary  colorless  corpuscles  and  the  granular  cornusekR^' 
nther  kinds ^  are  observable,  which  have  been  divided  into,  a,  RmaJl,  wdl- 
defined  bodies  resembling  nuclei,  b,  large  corpuscles  consisting  of  finely  gmu* 
ular  nrotoplasm,  with  jagged  ontlinc,  con  taming  three  or  four  distinct  nudeiT 
f,  still  larger  irregularly-shaped  ma-sse^of  tinely  granular  prot4:*plasin  im*W* 
ini^from  five  to  twenty  nuclear-like  bodies.  The  human  coiorle,-^s  corpufrlt^ 
unt  smaller  than  those  of  the  newt,  present  less  variety  in  aj^pet^t,  and  art 
\qs»  active  io  their  movements.  They  are  either  quite  pale,  or  they  contnifi 
a  variable  number  of  dark  granules.  The  Colorless  corpuscles  possess  & 
higher  refractive  power  than  the  red;  from  which  they  are  further  disttu- 
guitified  by  their  greater  firmness,  their  inferior  elasticity,  their , swiftly  ihade<l 
and  granular  ai^pect,  and  the  ab^ience  of  any  disposition  k)  adhere  to  each 
other;  so  that,  when  a  drop  of  fresh  blood  is  placed  between  twti  5trip*of 
glass,  and  thes^e  are  gently  moved  over  one  another,  the  white  corpn&ch^ 
may  he  at  once  recognised  by  their  solitjirinesji,  in  tlie  midst  of  the  row* 
and  irregular  masses  formed  by  the  aggregation  *>r  the  red.  This  is  ^till 
better  seen  in  infiammatory  blorni,  In  which  the  Retl  corjiusclcs  hare  a 
peculiar  tendency  to  adhere  to  one  another,  so  that  the  distiuctn^^  of  tl»( 
White  is  more  marked.  Colorless  corpuscles  may  be  readily  ili^tingnifhed 
in  the  blood  circulating  through  the  small  ^^ei^sels  of  the  Frog*s  fi>ot ;  and  it 
is  then  observable  that  they  w^cupy  the  exterior  of  the  current,  where  the 
motion  of  the  fluid  is  slow,  whilst  the  red  corpuscles  move  rapidly  through 
the  centre  of  the  tube  (Fig.  110),  The  colorless  corpuscles,  indeeti,  oftea 
show  a  disposition  to  adhere  to  the  walls  of  the  vessels;  which  is  manife^ly 
increaBed  on  the  application  of  an  irritant  Hence  the  idea  naturally  arises, 
that  (to  use  the  words  of  Mr.  Wharton  Jones)  "  there  is  some  reciprocjil  re- 
lation between  the  colorless  corpuscle^s  and  the  parts  outside  the  vesiiScl^  ia 
the  process  of  nutrition/'  On  the  addition  of  distilled  water  tlie  white  cor- 
puscW  swell  up^  become  globular,  and  cease  to  move;  one  or  several  miclei 

pu-cle,  pamphlet,  1872,  some  of  iKe  plienomenii  ho  hii^  tibsfrved  Jend  CiHit»t*'fmpr* 
to  tli*i  theory  thut  the  white  (^orpu9<!les  of  Hun  |K>*i>!e!is  ji  ff^lUwAll  dinted  witU  minuto 
p^ires,  whii^li  ftermit  dehuuto  threads  of  the  soft  protoplasm  to  br*  fxtruil*tj.  The 
pf»nidr»podlH,  h*?i  thinks,  Hre  invoatud  t!i  near  ihiiir  rip  by  tli*^  exlvnuil  ivll^w^lL 

I  Hnndbook  for  the  Phy^iologvoHl  LiiborntorVt  1873,  p   5, 

■  Sve  Gulliver,  Med.  Times,  i,  I8G3,  p.  207  j  >fedaveUki,  Cenlmlhlatt,  1873,  p*  llT. 
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come  into  riew  and  coalesee  to  form  a  vesicular  body  which  begins  to  ro- 
tate, whilst  the  granules  around  it  exhibit  Brown lan  "movements,  and  ulti- 
mately the  whole  corpuscle  disiutcgrates.  When  acted  on  by  carbonic  acid, 
tb  e  col  or]  es^s  corpusc  le^  ^h  o  w  thei  r  n  uclei ,  bu  t  a  re  o  th  erw  ise  u  nal  lered .  After 
the  action  of  acetic  acid  they  present  the 
appearance  of  globular  bodies  in  which 
twG,  th  ree,  or  more  small  shrunken  nuclei 
are  visible.  In  alkalies  the  colorless 
corpiT$e1ed  iwell  and  rapidly  di^ppear, 
yet  they  exhibit  ren»arkahle  resistance 
to  the  action  of  bile/  When  excited 
elect  rit^lly  during  their  amoeboid  move- 
Tnents,  they  assume  the  ephertmlal  form, 
hut  resume  their  activity  on  the  cessa- 
tion of  the  stimulus ;  after  repeated  ex- 
citation they  expand  and  flatten,  hut 
5till  exhibit  changes  of  form.  Under 
the  influence  of  "i^uccessive  shocks  of 
greater  inteinsity  they  swell,  the  g^ranulea 
exbtbit  moleeular  mftvemeuts,  and  they 
finally  dlsapp<^ar.^  Binz'  and  Geltow^ky 
have  Bhown  that  quinine  has  a  remark- 
able power  of  arresting  the  movements 
of  the  white  corpuscle?^.  The  stroma  tif 
the  white  corpuscles  contain,^  a  riubstance 
aualtfgous  to  Myosin,  with  Lecithin, 
Cli  ol  esteri  n ,  G 1  y  coge  n ,  a  n  d  Fat.  I  n  ad  - 
ditiou  to  the  alkaline  albuminates  and 
gerum^albumen,  the  nucleus  contains  an  albuminoid  substance  (Nuelein) 
which  clo^ly  resembles  mucin  (Kiihue,  BruntonKand  is  perhaps  intermedi- 
ate to  albumen  and  lecithin/  Huppe-Seyler  finds  that  the  white  corpuscles 
only  ctmtain  glycogen  as  long  m  they  exhibit  movements,  aud  that  when 
ihey  become  rigid  they  lose  their  glycogen  and  contain  sugar.  The  iuclo- 
sure  of  particles  of  coloring  matter  of  carbon,  or  even  of  red  corpuscles  by 
the  white  corpusclei*,  has  feen  frequently  witnessed/  The  white  corpuscles 
of  the  blood,  both  of  the  frog  and  tritoii,  and  of  man,  have  been  ob^rved 
by  Klein  to  multiply  hy  fission/ 

177.  The  proportion  which  the  white  or  colorless  corpuscles  bear  to  the  red, 
b  ver^'  ?mall  in  the  blow!  of  man  and  the  higher  Vertebra ta ;  being,  in  the 
Ftate  of  healthf  according  to  the  estimate  of  Moleschott  (which  is  confirmed 
hy  KalUkcr)/  not  more  than  2,55  to  IDOO,     It  varies,  however,  to  a  very  re- 


o  )r\ 


d  0 


A  KtDill  VeodUfl  Irunk,  a^  rrom  the  Web  of 
Che  F^s's  iuot;  b,h,  ccllaof  iiivetntJiit-tpKhe' 
Hum,cotit4Lliiihg  uuclvi.  Iiittieflp»c«  bcl:wc^«El 
the"  curre'nt  ot  oval  Btciod-curpiiiiclrt  a,ud  tbc 
walla  of  Ltie  Tauel^  (Ke  ruUDd  Iratiip&retit 
color1e>sfl  crorpustilea  mrt  tecfl. 


t  Jmmz,  Innug   Dlfs.  GreifswHMo,  18TK 

>  Kkthij  op.  clt.,  |>.  18.  SutT  mUu  Gotubiiw,  Wien.  Akud,  Sits.,  Ivii,  p.  G55|  Mdth. 
Nttl,  Clnwe, 

*  Pr*etitirtneT,  Nn.  6K  1872. 

*  5*t*  rr  '  ^  Jer  #iiid  Mie&cher  in  HoppG-S*?y!^r-a  Mi-d.-Chom.  UuiGrBuch.,  Iv, 
1^71^  p  dm  Brunton  «nd  Ferrier',^  Rutiort  '*n  PhvBinUzjy  in  Journ.  of 
Anat,  nii'^  ^  "  >  ^  1  ^'oL  vu  p*  4d^  Aho  Urunton's  Wper  on  tlie  Cbemical  ComjK  of 
Itn*  Nitclei  of  EliHuUVorpu^lm  in  Jtmrn.  nf  Aiiut.  JiiiJ  Pliys^^  vol,  iv%  IB7U,  p-  9U 
The  diiiinctHe  cbeipicfll  chumcters  of  "  nuclem"  appt^iip  lo  oonsiiluto  no  ftrijiwer  to 
5lf  Srtvorv'f  view  that  '*  the  exifteneo  of  ii  rjuelem  in  the  red  citrpuseles  of  Ovipnttt 
i-  cJuo  to  ch«H|ri.*s  nfter  deitlh  or  f**mnvwl  frofii  thy  veasd»/^  See  hii  pwp+^r  hi  Muulh. 
IHcfofp,  Jimrii.,  1861*,  vnL  i,  p.  235. 

*  S*#  Ff»>yer,  Virchow'e  Arehiv,  18*54(  p.  417, 

*  CVntmttilatt,  1870,  i.,  17. 

'  MttQual  of  UuruMti  LlUtology  (Sydenham  f^ociety's  edition),  yo\.  Vij  p.  %^, 
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markable  eittent,  m  has  be^^ti  shown  by  Dr.  Hirt,  of  Zitteu,'  accordmf;  to 
whether  the  exaraioatiou  be  made  before  or  after  food.     Thus  in  the  nioro- 
iDg  before  breiikfast  the  proportions  were  one  colorless  to  716  colorejJ  corp^i*^ 
cles  I  half  an  hour  after  breiikfast  1  :  347  ;  between  two  and  three  bouns  after 
breakfast  1  :  1514;  ten  minutes  after  dinner  1  :  1592;  half  an  hour  afii^r 
dinner  1  :  429 ;  two  hours  and  a  haif  to  four  hour^  after  dinner  1  :  14J^1 ;  half 
an  hour  after  supper  1  :  544;  and  between  two  and  a  half  to  three  and  a  half 
hours  after  supper  1  :  1227*     The  white  corpuscles  ai^  more  abundant  in 
children  than  in  adults^  and  there  is  an  increase  during  prfirnaney  and  in 
certain  diseased  conditions  of  the  system.     In  the  oviparouB  Vertetirata  ib<? 
proportion  is  higher ;  thuB  it  has  been  observed  by  Waguer*  to  be  as  1  :  Ut 
in  the  blood  of  a  frog  examined  in  Febrnary,  and  as  1  :  6  in  ijirailar  bloo«l 
examined  in  August,     In  one  Vertebratetl  animal*  the  Amphwxtt^,  tl»e  red 
corpuscles  are  wanting  altogether;  their  place  in  the  circulating  blood  beiaj! 
taken  by  the  coIorU^.^^,     And  in  the  Invertebrate  series  generally,  the  ci>f' 
puseles  of  the  circulating  fluid  corresfjoud  rather  to  the  colorless  eor(JU?cl^ 
of  the  blooil  of  Vertcbrata,  and  to  the  corpuBcle^  of  Lymph  and  Chyle  (which  | 
may  he  regartkd  as  the  same  bodies?  in  an  earlier  stuge  of  development),  thao 
they  do  to  the  red  corpuscles,  which  are  peculiar  to  Yeriebrata/    Tims,  in  ] 
one  of  its  most  characteristic  featurej^j  the  blood  of  Invertebmta  (and  of  Am- 
phioxus)  may  be  likened  rather  to  the  Lymph  and  Chyle  of  vertebmted  ' 
animals  than  to  their  blood;  and  this  resemblance  issi  strengthened  by  the  ' 
fact  that  there  ie  no  dbtinction  in  the  former  between  the  ubmrhrni  and  th«  I 
^  muifjmJtroHM  vzf^^,  ^\n<:h  m  the  latter  respectively  contain  the  nutritioui ' 
fluid  in  \X»  earlier  and  in  its  later  stages  of  development,     Mort*over,  the 
eftriie^t  blood-corpuscles  of  the  embryo  of  even  the  hightait  vertebrata  are 
colorlesd;  and  long  after  the  blood  has  act^uired  its  characteristic  hue  from 
the  development  of  red  corpuscles,  the  colorless  corpyseles  bear  a  very  lar^ 
projMjrtion  to  the  red,  so  as  even  to  ecjual  them  in  nutnber  (as  the  autltor  ii  i 
informed  by  Mr  Gulliver),  in  the  blood  of  fa*tal  Deer  an  inch  and  n  half  j 
long,  and  almdutely  to  preponderate  iu  the  blood  of  still  smuUer  enibryos. 

178,  If  the  blood  (of  a  Mammal)  l>e  exposed  dri^p  by  drop  to  a  coldof  i%*| 
or  9°  Fahr ,  and  then  be  rapidly  warmed  to  68"*  Fahr.,  the  t*orpusclt!»  wilj  J 
be  found  to  have  It^t  their  color^  whilst  the  serum  is  deeply  p^taintHl.    A| 
kind  of  analysis  of  the  eonstitnents  of  the  blood  may  thus  be  eflei^teib    Toj 
the  material  of  the  corpuscles,  which  retain  for  some  time  their  original  form] 
and  elasticity,  though  devoid  of  color,  the  term  Stromti  has  been  applied, 
whilst  the  coloring  matter  has  been  named  Himtioijlobin^  Ha^matoglobulin,  i?r] 
Hiematoerystallin,  and  is  characteristed  by  its  property  of  as^suming  uniief ' 
tavorable  circumstances  the  crystalline  form.     The  dromu  up|»ears  fmm  tti 
reactions  to  l>e  chiefly  composed  of  certain  alhnminoim  compomtds^  the  natHrt' 
of  which  has  not  been  clearly  ascertained,  lemlhm  and   chokjsirrin.      M. 
Preyer^  has  named  one  of  these  albuminous  substances  fflobifi^  ixinl  regards  it 
as  the  purest  form  of  albumen  known,  since  it  leaves  no  ash  when  buniL 
It  has  no  fibrino^plastic  property.     By  the  action  of  acids  (acetic  acid  )  add* 
albumen,  and  of  alkalies  (potash)  alkali-albuminate  are  formed.     SvDtomn  | 


»  MulltT'*  Art'hiv,  1856,  p.  174;  %pe  nUo  tho  Eiperitaents  of  MirfeU  nod  LoraofC* 
qiiol4*d  in  Ludwi^^  vol.  ii,  p.  aS,  18Gt, 

*  ElemenU  orPhymlugy,  trrtnalated  by  Dp.  Wiili^ip,  245. 

'  tiee  Blr.  WhurtoQ  Jones 'a  Mtnufiir  \\n  TJip  BltKMi-Corpus-dle,  eonnrtf^rod  In  Iti 
diiforent  Phases  of  Devolopm**nt  in  the*  Animivl  Serifts^  in  the  Phitoa*  Trsitv^  ISI6; 
hUo  Princ.  of  Comp.  Phy*,,  4th  ertiu  U  ST9-Sr2. 

*  Proy^r^  Die  Blut-OryetnlleT  1871^  p-  1'^*  shows  tbwt  Ih**  t<jrjii     '       "   .  ' 
ftpjjlied  lo  twelve  op  fourteen  different  nlbtinjirniid  compound^i  >■ 
ll)v  difficulty  chemi«t«  «xperLi?nce  in  leoliiting  and  disenmiiititing  Ui'-  (n-mucr?  "i    . 
exionsivsj  cftm  of  orgunk  cumpouDdi. 
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and  Globulin  are  also  products  of  the  decomposition  of  the  albuminous  con- 
stituent of  Hsemoglobin. 

The  coloring  matter  of  the  blood,  or  hsemoglobin,  enters  largely  into  the 
composition  of  the  corpuscles.     It  is  capable  of  assuming  the  crystalline  form , 


Fio. 111. 


Fio.  112. 
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Fig. 113. 


Fw.  111.— SponUneoas  changes  in  form  of  Red  corpuscles  of  Guinea-pig's  Blood,  within  an  hour  after 
remoTsl  from  the  body. 

Fio.  112.— Perfect  TMrahedral  Crystals  formed  from  Guinea-pig's  Blood.  In  many  cases,  one  Corpuscle 
became  one  CrystaL 

the  crystals  being  obtained  with  the  greatest  facility  from  the  blood  of  the 
dog,  horse,  guinea-pig,  and  goose,  less  easily  from  the  blood  of  mau,  and  with 
the  greatest  difficulty  from  the  mouse,  the  mole,  and  the  bat.^  In  some  in- 
stances it  18  only  requisite  to  dilute 
the  blood  and  allow  one  or  two  drops 
to  dry  spontaneously.  In  others,  an 
abundant  crop  may  be  obtained  by 
transmitting  air  free  from  carbonic 
acid  through  the  blood  for  several 
hours ;  or  the  blood  after  being  defib- 
rinate<l  maybe  frozen  (Rollett's  plau) 
and  allowed  slowly  to  thaw ;  or  (Butt- 
cher's  method)  a  considerable  quantity 
of  cold  water  may  be  injected  into  the 
veins  of  the  animal  whilst  it  is  being 
killed  by  chloroform  inhalation,  the 
blood  removed  from  the  heart  mixed 
with  its  own  volume  of  cold  water  and 
some  alcohol  added,  when  the  whole 
mass  chances  into  a  crystalline  pap ; 
or  (Kiihnes  and  Thiry's  plan)  the  blood  left  after  the  formation  of  a  clot  is 
mingled  with  some  0.5  per  cent,  aqueous  solution  of  crystallized  ox-bile 
(tauro-  and  glycocholale  of  soda),  and  then  with  alcohol  (90  per  cent.)  con- 
taining a  little  acetic  acid.  The  method  given  by  Preyer  as  the  best  adapted 
for  microscopical  investigation  is  that  to  a  small  quantity  of  blood  free  from 
fibrin,  sufficient  water  should  be  added  to  give  a  clear  solution  ;  if  on  evap- 
oration in  the  cold  a  drop  of  the  solution  covered  by  a  thin  slip  of  glass  give 
no  cry.stals,  about  a  quarter  of  its  volume  of  alcohol  must  be  added  and  the 
fluid  placed  in  a  freezing  mixture:  crystals  will  in  almost  all  instances  be 
immediately  formed.  Si>eaking  generally,  in  order  to  obtain  good  crystals, 
the  corpuscles  must  be  dissolved,  and  the  coloring  matter  thrown  down  by 

*  Hoppe-Seyler,  Med.-Chem.  Unlersuch.,  1867,  p.  174. 


Blood-Crystals,  (1)  prismatic,  from  Human 
blood,  (2)  tetrahedrul.  from  Pig's  blood,  (3;  bex- 
agonal  plates,  from  Squirrel's  blood. 
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alcohol,  or  W  mm^  salt  or  acid.  Some  of  the  chief  forms  of  hiemogRfim 
crystals  ai-e  exhibiteil  in  Figs,  111,  112^  113,  It  has  beea  ji^certamd 
that  with  the  exception  of  those  of  the  squirrel,  which  are  hexagonal,  tbfl 
crj^tak  of  the  blood  of  other  animals  belong  to  the  rhotnbie  syijtem.  Those 
of  man  present  the  form  of  elongated  rectangles^  rhombs,  antl  four-sided 
prisms,  with  dihedral  suromits.  The  crystals  of  the  blood  of  tht>  rabbit  arc 
very  similar  to  those  of  man.  Those  of  the  dog  are  lon^  fonr-sideil  needles, 
terminated  by  one  plane  surface.  From  cat*s  blood  similar  crystals  maybe 
obtained,  together  with  thin  rhombic  and  six*sided  plates,  fn  the  guinea- 
pig  letrahedra^  and  in  the  rat  tetra-  and  octahedra  are  found.  I>n  Ray 
liankester*  has  shown  that  Haemoglobin  is  present  in  ih^  pla^rna  of  the  ya#- 
cular  tiuid  of  various  Invertebrata,  as  in  that  of  the  Annelids  Lumbrica»^ 
Eunice  sanguinea  and  Hirudo,  in  that  of  the  Crustacean  Phyllopod,  Chetro- 
cephalus  diaphanus;  in  that  of  Chirouomiis  amoug^st  Inseeta  and  the  Plaa* 
or  bis  amongst  Mollusca. 

Haemoglobin  crystals,  from  whatever  animal  they  may  be  obtained,  are 
always  perfectly  transparent,  and  doubly  refi-acting,  wiUi  wilky  Im-trc;  the 
crj'stab  of  reduced  hiemoglobin  are  pleochromatic,  alternating  from  red  of 
purple  to  green  ;  but  those  of  oxygenated  hiemoglobin  are  not  so,  present* 
ing  the  cotor  of  the  Wood  from  which  they  are  goL  When  fresh  liiey  are 
gotl  and  highly  elastic, breaking  with  an  uneven  splintery  fracture;  exposeii 
to  the  action  of  water  they  imbibe  it  and  undergo  various  eliangcB  of  form, 
never,  however,  assuming  that  of  a  red  blood -corpuscle.  The  ep.  gr.  of 
haemoglobin  probably  varies  from  1.3  to  1,4.  All  the  varietiea  are  soluble 
in  water,  and  the  solubility  increases  wuth  the  temperature,  TJiey  are  in- 
soluble in  ahsoUite  alcohol,  ether,  in  volatile  and  fixed  oils»  beuxol,  turpeii- 
tine,  chloroform,  and  carbon  disulphide.  They  dissolve  readily  and  fur 
some  time  without  undergoing  decomposition  in  Ihe  alkaiie^  uiui  most  alka* 
Hue  salts  (carbonates,  phosphates,  borates),  but  in  a  few  days  the  K»iuUoii 
becomes  cloudy  from  decomposition.  Solutions  of  most  acids  ipjickly  di** 
solve  them,  but  decomposition  sets  in  in  the  course  of  u  few  hours,  'Ihtj 
remain  long  unchangea  in  healthy  urine,  in  saccharine  solutions,  in  bile, 
and  serous  transudates.  Hijemoglobin,  though  a  crystalline  eompimnd,  is 
not  diffusible,  nod  when  pure  is  not  fibrino-plastic.  The  percenlagt*  com- 
pos iti  on  of  hiemoglobin  obtained  from  Hchmid^s  and  Ho ppe-Sev Iter's  analy- 
ses is  €  54,0,  H  7.25,  N  16,*25,  iron  0,42,  sulphur  0,63,  O  2i,45,  whit-h 
accords  with  the  fonnula:  C  000,  H  OGO,  N  IH  Fe^.S,,  0  179/  Bmui^ 
globin  has  a  strong  affinity  for  oxygen,  one  gramme  absorbing  at  mean  Itim* 
j>emt«re  anti  pressure  1,S  cub.  cent,  of  this  gas,  but  at  the  same  time  it 
readily  yiehls  up  the  gas  to  other  eiaily  oxidizable  substances* 

179'  Untler  the  influence  of  vvarmth\l40'--180°  F.),of  acids^  or  of  caus- 
tic alkalies,  hiemoglobin  undergoes  decomposition  ;  the  color  of  the  litjmd 
changes  from  a  beautiful  red  to  a  smutty  tint,  which  appears  in  thin  lay<*rn 
and  by  reflected  light,  brown,  and  by  transmitted  light,  green.  This  change 
of  color  is  due  to  the  breaking  up  of  the  haemoglobin  into  an  albumioouii 
compound,  and  a  peculiar  coh>red  substance  termed  hminiin.     Every  I  OH 


i 


1  Jouriiiil  of  AhAL  «Tid  Phj'fiologv,  18*S8,  p.  114,  nnd  i&7l,  p.  122,  nnil  ^ftxm^,^ 

Koy.  .Six;.,  181 2,  D«t\  \2iK 

*  Afford i tig  to  the  re^'onl  reFeflrches  of  MM.  Facrudln  ntid  ik>lly  (S^act  d* 
rArnd£*inie  d<*s  Sciern-Wj  19tb  Oct.  1874),  tho  t:orpue<*l<»«  of  th©  bU»od  rnfitfiln  the 
irori  in  the  form  *jf  tnb^^ic  pliof^phnto  of  lb*'  proioiidn*  btit  lb©  pun*  ■  'M- 

it?r  ftht'ir  htpmiito«in }  emitnins  no  iron.    Tlieir  hipmuVJ^in  l*urn»  i*\Miy  nv- 

\\\^  liny  Hsli,  if  infujJuUle  in  puro  water,  filighiiy  fiolublo  in  sfilutWi**  ^n 
p^Kuhb,  Mild  M^idti,  tKidiTgoitig  defzotnposiliDn   in   tlm  two  liiltvr;  «oLubl« 
chbrt»roriii,  bciiKiu*  wnd  bUutphido  of  carbon. 
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mfi»  of  bfemoglobin  treaietl  with  hydrochloric  acid  yield  iibcmt  4  parts  of 
Iifdrochlorate  of  h^matm  i  Fig,  114)  aud  96  parts  of  albumen.  Hn}umtia 
w««  crroueousiy  tsOppo^ed  to  be  the  true  coloring  material  of  the  blood  by 
B^rxeHus,  Mulder*  JLeeanu^  Lehtnani)^  and  others.  According  to  Hopp€- 
Scyler,  its  coiiipoeitiou  is  represented  by  the  formula  C^Hj^^FejKjOj^  When 
ilried  it  fornix?  aa  amorphous  bluiiih-blaek,oron  beiiig  rubbed  down,  reddish- 
brow^n  |x>wder*  It  witWauds  without  decom|x>sitiou  a  temperature  of  SoO'^, 
but  above  ihat  point,  carbonizes.  It  h  insoluble  in  alcohol,  water,  ether,  or 
chloroform,  but  dissolves  readily  in  acids  and  alkalies^  and  in  acidified 
aioobolv  by  which  last  it  i^  freed  from  the  albumiuous  compound.  Wheu 
treftted  with  sulphuric  acid,  the  iron  eau  be  wholly  withdrawn,  and  the 
bmnatin  tbiis  obtained,  so  far  diifers  from  ordinary  hiematin,  that  whilst  it 
in  tti&oluble  in  dilute  acid^,  it  presents  the  important  chemical  leature  of 
being  Duly meric  with  bilirubin,  or  coloring  matter  of  the  bile,  as  ^hown  by 
^J^  KtUamug  formulEe : 

■  Itit  c 

■  ioin 


C:„H„N^e,0„  +  3H0  =  3(C^„N,0.)  +  3FeO. 

Uii^matin.  BiJLrubln. 


Teichmann'ei  Hirmin  crystals,  which  am  identical  with  Lehmann*s  Ha^ma- 
tin  crystals  f  Fig*  llo).  Virchow^s  Hmnatoidm  crystals,  and  Preyer's  Jfa-ma- 
imn  ciyfitais,  are  all  products  of  the  decom position  of  Haemoglobin.  Prcyer 
bis  described  two  other  crystalline  compotmds  he  hivs  obtained  from  bloody 


Fl*J,  114, 


Fro.  115. 


L/l 


WiiJi 


:     fl^N^ilV 


^^^ 


HanJin  Cnrpt*!*,  hf  Tcicb- 
minG.  La  HjfdrwbLorate  of 
Hsnmtiii. 


HhffmMt?  Cr^ntalflChf  HydrwlaluTiiU' of  IJi«!ra*thit  obtained  by  I^clininutt'ft  tdcttiftil.  Th^Jf  >f(?  ob- 
t4Ji:i«U  wbeii  bl^od  is  iii1''ieieU'4l  to  Uw  actloD  of  a  luixture  iif  1  pnrtof  ak'obiil,  1  p^artifitf  tlher^  «Dd 
Mil%  «€  tfAtlie  Mtd,  ana  nppi'ir  ni  tluii  browntab  ettid  bro«nUb-greeu,  atrliit€<t,  tranapareat  f^rrstaJ- 
Uam  tiMto«>  etttm  airldusly  LwhUtl  upun  their  laug  axei,  and  9o»ii  ipontaaQon^lj  cbnnglog  futo  Mat 
AiamM&  oel«h«drm. 

ff,j^fu.,*„,JJ,'.rin  and  Mmnaioiutmn ;  and  four  non*cryatalliue  substances — 
M'  bin,  ILematiu,  Hiematbion,  and  Hsifualinin.     The  formation 

of  1*1'  ji"  "-Mt  crystals  of  Teichmaon  is  important  in  a  medico-legal  point  of 
view,  since  they' can  be  obtained  from  a  very  minute  speck  of  blood.  The 
method  is  uy  triturate  the  supposed  dry  blood-spot  with  a  little  common 
and  to  add  glacial  acetic  acid.  The  miacture  is  then  to  be  warmed  till 
BSbbl'E^  appear,  and  ^t  aside  to  cooL  If  blood  be  present,  numerous  hiemin, 
or  hydruchlorateof  hiematin  crystals  appear  in  the  form  of  rhombic  tablets, 
often  arrauged  iu  stars  or  crosses  of  red,  brown,  or  black  color,  becoming 


218 


OF    THE    blood: 


violet  on  exposure  to  oxygeD,  and  losing  their  imniparency  on  oxpo^mreKi 
earbonic  aeitK  Mingled  with  these  are  colorle^  ciyslals  of  c<>n»m4>ii  salt, 
acetate  of  nod  a,  aud  colorless  scales  ol'  albumen  in  coinbinalioo  wiih  add 
TU^  MitmatokUn  crystals  observed  by  Virchovs%  and  stated  by  him  lo  mreor 
in  b!ood  that  has  long  been  extra vasated^  as  in  old  a|iopieeiie  c!oL%  aod  h 
corpora  lutea,  appear  to  he  identical  with  bilirubiUj  or  ibe  coloring  Jimlttx 
of  bile.  The  forniation  of  these  crystals  takes  place  with  coui^idemblti 
rapidity.  If  a  little  coagulated  pigeon's  blood  be  inirt»duc^d  ht?iH*!itii  llie 
skin  of  that  blrti,  Hiemaioidin  crysials  appear  in  the  coui^e  of  two  ilayv' 
Tbe  crystal*  are  soluble  in  annnonia*  insoluble  in  alcohol  and  acetic  and. 
Preyer*  haj^  recently  described  yet  another  form  of  crystal,  to  which  he  aji' 
plief*  the  tenn  of  fimmatoin  eryslals*  They  are  aciciilar,  freqih*Btly  beiii. 
partly  grou|)ed  intostella?  and  doubly  refraetde.  They  are  insoluble  in  nk^r 
holj  ether,  and  water;  but  very  soluble  in  weak  eoititloii  of  potitsh  or  wmk 
acetic  aeid,^ 

180.  Si*E(-rnt'M  Analysis  of  the  Blck>d.— Tlie  researches  of  Brt!W^t«?r,J 
Her^chel,  and  Miiller  showed  that  when  sohitionss  of  various  coloring  nmt- 
ters  are  placed  in  the  solar  spectrum,  certain  pc»rtions  of  the  light  Ar^  «ib- 
Borbed,  and  dark  striie  tir  baods  apj>ear  iu  the  spectrum  correspt>ndiag  ti 
those  mys  that  have  been  arretted,     F,  Hoppe*  found  that  iua  very  dihrlnJ 
mixture' of  blood  and  water  the  speetruin  exhibiml  two  welhuiark'ed  daric 
Btriie  (2,  Fig.  116)  in  the  yellow  and  iu  the  green^  both  lying  between  th« 
Fraunhofer  line^,  Dand  E.     When  less  dilute,  the  two  lines  blend  together, 
and  with  increasing  concent  rat  ion^  the  violet  and  blue,  as  well  *is  the  grtt^a 
aud  yellow,  gradually  vanished,  till  at  length  only  the  red  remained*     Ar- 
terial and  venous  blood  alike  fchowe<l  the  two  stria;,  as  did  aIj<o  dnM  bhjtHl,  ' 
and  blood  treated  with  C02,CO,H,8H,NHj,  etc.;  but  the  stria*  rapidly  dis- 
appeared when  acetic  or  tartaric  acid,  or  caustic  alkaline  lyes  were  adtltd 
to  tbe  blood.    He  further  found  that  the  ordinary  absorption  stria?  were  rru- 
dered  most  distinct  by  precipitating  a  mixture  of  blood  and  water  \uih 
acetate  of  lead,  and  throwing  tiown  tbe  lead  with  carbonate  of  soda.    Prof, , 
Btoke?^,'  on  repeating  tbe  experiments  of  Hoppe,  confirmed  them,  and  ut  1 
once  proceeded  to  inquire  wbether  it  were  possible  to  imitate  tbe  change  <jf 
color  of  arterial  into  that  of  venous  Idood,  on  the  suppogition  that  it  am-**! 
from  reduction.    This  he  accomplished  by  adding  solution  of  protri?<ulphaie  I 
of  iron  to  the  blood,  with  enough  tartaric  acid  to  prevent  prei^ifutation  l»y  j 
alkalies,  when  the  color  of  the  m>lution  immediately  became  much  deeper,  1 
and  the  two  absorption  bamis  were  at  once  replaced  by  a  single  band  (4,1 
Fig,  IIG)  shaded  oft' at  the  borders,  and  occupying  an  intermediate  p*witif*a] 
between  them.    On  exposure  to  air,  the  bands  originally  presem  irwl 

Hence  he  inferred  that  the  coloring  matter  of  the  biooJj  like  iu     .  ,ifta* 


^  Langhun^i  quoted  in  Fohllng^s  Neuee  H&ndw^rterbuch  der  Chetnie,  187o,  B.  l\A 
p.  112, 

^  ConlrffllblfttL,  1871,  p-  ^1- 

5  F&T  th«  best  Rectmr*U  of  the  crystJib  of  blood  fee  Tcichpifirin,  Zs^ltiicbrfft  t  iUL.J 
M<?d.,  N.  P.  ill,  S76,  viij,   141  j   KSltikor-,  MioutwUir  !lumiiii  Histology,  IHnQ  ■  Vir- 
Oht>w,  Cellular  Piilhtilofsy,  18(511^  j^p.  I4S-145;  v,  Go!  Uji*Bf^!irie2j  Phv^  *  '■  ■••■     ^^'" 

ff,  170-ID4;  Fiiakts  Pby*Tc»lrigii\  4Lb  edU  ,   186a,  p.  4&j   Bojitrn>w/k 
dUiker**  EeilAc^hrirt,   Bd.   xi'u  lB<i2,  p.  312;   KoUett,   MoU^schoU'B   I  • 
18C:J,  p.  t2*l\   Boilchur,  Virchow's  Aruhiv*  I8U^,  p,  12li  aod  p.  a7'i;  ZrtwnrykiD^  hitj 
Ungabt'H elite  d*  k.  AkKth  zti  Wieii,  ISOfl,  p,  1 51;  GwoBdt*\v,  idtoi  ,   18tiG;  Hop 
Bmler,  Mt>d -Cbi^tn.  Untcrsuclj  ,  1807.  p   2{*S;  Kiiline,  l*liysloUjtj,  Chi'Uiie,  1* 
188  H  nrq. ;  Thutlu'luini^  Centndblfill,  l8G9j  p.  1 ;  rrt-yor,  Dm  Bluikry-niH**, 
1871 »  wliicij   lf*5^t  c^itntftins  ttll  the  n-ferencv^  up  to  tbtil  dHtt*|  nnd  gives  iho 
in'cmint  vt^t  publis-bi'd. 

•  Vinluiw'a  Arvhiv,  Bd.  xilii,  1»tj2*  p.  44<3. 

*  Proceed.  Roy>  Soc,  voh  xVu,  1863-4*4^  p.  B&5. 
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bJe  of  exbttJig  in  two  elates  of  oxidatiou,  dbiinguishable  by  n  difterpoce  of 
ciilof  and  a  fuadamentaj  difference  in  the  action  on  tbe  spectrum.  To  this 
tfolortii^  matter  he  has  applied  tbe  term  Cruorin,  syggeeted  by  Dr,  Blmrpey, 
Iwo  6tMim  of  oxidation  being  termed  scarlet  cruorin  and  purple  cru- 
reepectiTely.  Prof.  Stokes  showed  also  that  h^^matin,  wbich  is  the  re- 
mit of  the  action  of  weak  acids  on  eruorin,  v?a^  similarly  capable  of  oxida- 
iioa  fttid  reduetioQj  and  that  it  shows  well-defined  and  highly  characteri&tic 


0    1     2 


Fio.  lie 
n    4     fi 


1,  Skirls  J  V  Mandard  tol^rfefttKse 


4  t>i«OKMiJ¥d    liQpinciglnbJn 


«L  014  Mood-fllaiu  in  water. 


I  fu  an  add  Milnilyn. 


7»  fijKmatlQ  In  au   ttitmouiaeft) 


A,  Pr<>sttll£4!d  araiDanlard:  bitm- 
atiu. 


9.  Frautilirrrer'a  Hiif«» 


TUT 


AB  e 


^wbich,  however,  are  by  no  meann  identical  with  tbojie  of  cruorin.  Prof 
;  suggests,  as  a  phydolngical  deduction  from  hia  ex  peri  mentis,  that  eru- 
orin  i*  ta  be  regarded  a?j  the  carrier  of  oxygen  to  the  tiroes,  !?i ace  it  absorbs 
tliatgna  with  extreme  facility;  whilst  under  the  intiuenceof  reducing  agents, 
it  perm  I  c$  it  again  to  be  withdrawn  from  it  Both  Hoppe  and  Stoke??  refer  to 
the  applicability  of  spectrum  analysis  ihf  the  detection  of  blood-stains  in  med- 
ico-legal investigations,     Mr.  8orby^has  greatly  improved  the  meehanieal 


1  qikwn*  Joiirn.of  Sd.,  1S66,  vol,  U,  p.  198;  Pop.  Sl'I.  Revit^w,  vol.  v,  p,  06  i 
Procf^fd,  of  Euy.  8oe,*  voL  iv,  1S66-7,  p.  43S  For  an  nccuuni  of  Vierordi'is  nielhod 
ot  notmtion  i«e  DaltOHf  N.  Y.  Med,  Journ,,  voL  xix^  1^74^  p,  679. 
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arrangements  by  wlitch  the  lines  in  question  can  he  examined^  and  the  fort- 
going  waodctit,  Fig.  116,  h  after  a  firawing  by  hi^  baud.  The  ui)iH!nm>at 
settle  represents  Mr,  Borby'*  standard  interference  stpectriirn,  and  is  obtjiitwl 
by  transmitting  light  th rough  two  NicnlV  prisms  and  an  intervening  pink 
of  quartz  nr  seleuhe,  with  iti?  nxii  at  45^  to  the  plane  of  polarisation.  The 
nntnber  of  the  dark  bandsi  dne  to  the  interference  of  the  hmiinc^us  wavR* 
may  be  regulated  by  the  thteknes^  nf  the  plate  of  quartz,  and  for  the  sake 
of  eonvenience  ha^s  been  fixed  at  12,  the  unequal  dispersion  making  th«  j 
dislanee  between  the  bands  in  the  l>lue  about  twice  as  great  as  in  the  ml 
The  dark  band$  are  numbered  1,  %  3,  4,  etc,  and  the  centre  of  the  whit4j  ] 
&pfit'es  H,  2^,  3ij  etc,,  which  may  be  again  sfubdivided,  as  into  ll.  1  J,  et^^ 
Deirnite  narrow  absorption  bands  are  indicated 'by  a  *  printed  over  iheir 
centre..  On  thi.^  notation  the  band^  occurring  in  the  several  solutions  men- 
tioned  may  be  described  intelligibly  and  simply  thus: 


2,  Oxidiased  h^mogloMn, 
3-  HBDmogloUln  with  CO, 


^i—H        ^ —  9 —  And  BO  <in, 


According  to  Mr.Ganigee,'  the  nitrites  cause  blood  to  as^sume  a  chu 
coh>r^  the  bands  of  oxidised  hffimoglobiw  becoming  very  faint^  and  an  i 
tional  absorption  band  in  the  same  position  as  in  acid  ba^tnatio  ap|ieann^ 
Tlie  nitrites  do  not  decompose  the  blood-coloring  matter,  nor  di^rharg^  tliej 
oxygen.  They  appear  to  link  themselves  on  to  it,  as  is  probably  the  caMi 
with  hydrocyanic  aciil.^  Nitritixed  blorMl  absorbs  less  oxygen,  but  it  caaT 
convert  into  oKone  what  it  does  absorb. 

1^*1.  There  L*i\n  be  no  doubt  tliat  botii  the  red  and  the  colorless  corpusclis 
have,  like  other  cells,  a  definite  term  of  life;  and  that^  whilst  ^>me  are  un- 
dergoing disintegration,  others  are  in  a  state  of  advancing  development  t^  1 
supply  their  places,  so  that  the  entire  mass  of  both  is  undergoing  continual  ] 
change.     That  a  new  production  of  red  corpuscles  may  take  place  with  coo* 
siderable  rapidity  we  have  evidence  in  the  rapid  restoration  of  their  oortiJtl 
prop<jrtion  after  it  has  been  lowered  by  luemorrhage,  and  iu  the  s^peedv  In- 
crease winch  may  be  effected  in  their  amount  in  blood  in  whirh  tiiey  have] 
been  excessively  diminished  by  disease,  this  being  esipecially  promoied  hf  I 
the  administration  of  iron,  and   by  a  generous  diet.     On  the  other  \mm\ 
various  apf>earances  indicative  of  degeneration  may  be  &een  in  the  red  cor-1 
puscles;  and  this  especially  in  the  blood  of  the  Oviparous  Vertebrata,  whi*'H  [ 
usually  contains  corpuscles  almost  destitute  of  color,  and  having  a  f-hrunk**ti 
or  eroded  aspect,  their  nuclei,  however,  presenting  a  remarkable  di.^titirt* 
ness*    That,  under  certain  drcuiustaucen,  such  a  degenerating  princess  tnkc 
place  with  great  rapidity  in  tiie  blood  which  circulates  thrt>ugh  the  Spleeo J 
may  lie  considered  as  ascertained  almost  beyond  a  doubt  (§  157,  in)*     Th«j 
duration  of  the  individual  corpuscles  is  unknown,  the  only  evidence  yet  ob-l 
tained  being  derived  from  the  espenmeots  of  Bernard,  who   fonnti   thutl 
when  the  Ijlood  of  birds  was  injected  into  the  vessels  of  nianimals,  ihe  elli|>-j 
tical  corpuscles  of  the  former,  w*hich  were  at  first  plainly  visible.  dinapJ 
I>eared  entirely  in  the  contuse  of  a  few  weeks.    The  question  now  arisen,  lal 
what  manner  the  two  clasae?  of  corpuscle  are  respectively  developed,  and! 
whether  they  have  any  relationship  to  each  other. 

182.  Developnieni  of  the  Bhod-corprnde^. — That  the  fully  developed  lied 
corpuscles,  when  ceasing  to  exist  as  such,  do  tad  give  origin  to  new  ctirpus^J 
cli^  of  the  same  kind,  may  now  b<s  asserted  (notwithstanding  the  Btatemeutal 


A  Proceeding  of  Roy.  Soc.^  Ko. 
'  Preyer,  Virchow^s  Archiv,  B- 


102,  nm. 

fid.  x\f  1867 J  and  Hdppe  Seyler,  UaterAUch.,  1867. 
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of  former  observers)  to  be  the  concurrent  opinion  of  nearly  all  who  have  in 
recent  times  specially  devoted  themselves  to  this  inquiry.  The  Rrst  Red 
corpuscles  unquestionably  have  their  origin,  like  the  original  cells  of  the 
solid  tissues,  in  the  primordial  cells  of  the  germinal  structure;  and  it  is  in 
the  "mesoblast"  or  so-called  "vascular  layer"  of  the  "blastodermic  vesicle" 
(chap,  xviii,  sect.  4),  and  the  mass  of  cells  which  constitute  the  rudiment 
of  the  heart,  that  this  metamorphosis  seems  first  to  take  place.  The  situa- 
tion of  the  heart,  and  the  course  of  the  principal  trunks  of  the  "  vascular 
area,"  are  early  marked  out,  by  the  peculiar  disposition  of  the  aggregations 
of  cells  from  which  these  organs  are  to  be  developed ;  and  whilst  the  outer 
portions  of  these  aggregations  are  transformed  into  the  walls  of  the  respec- 
tive cavities,  the  inner  portions  seem  partly  to  deliquesce,  and  partly  to  re- 
main as  isolated  cells  floating  in  the  liquid  thus  produced.  These  isolated 
cells  are  the  first  blood-corpuscles;  and  the  following  account  of  them  in  the 
Oviparous  Vertebrata  or  Pyrenjemata  is  given  by  Foster  and  Balfour,'  and 
differs  but  slightly  from  that  by  Klein.*  In  the  pellucid  area,  where  the  forma- 
tion of  bloodvessels  may  be  most  easily  observed,  a  number  of  mesoblastic 
cells  are  seen  to  send  out  processes  which  unite  and  form  a  protoplasmic  net- 
work, with  nuclei  at  the  points  from  which  the  process  started.  The  nuclei, 
which  as  a  rule  are  much  elongated  and  contain  large  oval  nucleoli,  increase 
very  rapidly  by  division,  and  form  groups  at  the  nodal  points.  The  ma- 
jority of  these  acquire  a  red  color  and  become  converted  into  blood-corpus- 
cles, but  a  few,  generally  on  the  outside  of  the  group,  remain  unaltered. 
The  protoplasm  in  which  the  central  reddened  nuclei  are  imbedded  becomes 
liquefied,  whilst  that  on  the  oidside  of  each  group  as  well  as  that  of  the  unit- 
ing processes  remains  granular  and  forms  an  investment  for  the  unaltered 
naclei  which  are  imbedded  in  it  Each  nodal  point  is  thus  transformed 
into  a  more  or  less  rounded  mass  of  blood-corpuscles  floating  in  plasma,  but 
enveloped  by  a  layer  of  nucleated  protoplasm,  the  several  groups  being 
united  by  strands  of  nucleated  protoplasm.  By  the  growth  of  the  strands 
and  the  transformation  of  nuclei  in  their  interior  a  series  of  communicating 
vessels  are  formed  containing  corpuscles  which  when  removed  from  the 
vessels  exhibit  energetic  amoeboid  movements,  and  probably  increase  by 
division.* 

183.  That  after  the  Chyle  and  Lymph  have  begun  to  flow  into  the  cir- 
culating current,  the  continued  generation  of  Red  corpuscles  is  due  to  the 

>  Elements  of  Embryology,  1874,  p.  69. 

'  Sitz-ber.  d.  Wion.  Akad.,  1871,  Bd.  Ixiii,  Abth.  ii.  For  other  accounts  see  Afii- 
natfieff  in  idem,  Bd.  liii,  1866,  Gootte,  Schultzo's  Archiv,  1873,  and  His,  Neben 
die  £r»te  Anlage  des  Wirbelthierloibs. 

•  A  difTerent  account  has  lately  been  given  by  Dr.  H.  D.  Schmidt,  Monthly  Micro- 
Kopical  Journal,  1874,  p.  45,  from  observations  made  on  a  ver}'  early  human  embryo. 
In  this  case  the  young  colored  corpuscles  appeared  to  be  developed  in  the  interior  of 
mother-cells,  at  the  expense  of  which  they  grew,  and  from  which  they  ultimately  bo- 
came  detached,  leaving  a  dimple  at  the  point  of  separation.  One,  two,  or  three, 
young  corpuscles  were  sometimes  seen  in  a  parent  corpuscle,  and  the  young  ones 
themselves  sometimes  had  a  third  generation  in  their  interior  prior  to  their  own 
eKape.  This  method  of  increase  forms,  as  Dr.  Schmidt  observes,  the  transition  from 
endogenous  development  to  generation.  The  parent-cells  themselves  appeared  to  bo 
deriTed  from  the  interior  primary  glandular  follicles,  formed  of  hexagonal  cells  in 
the  walls  of  the  umbilical  vesicle,  and  he  is  of  opinion  that  the  so-called  nuclei  of 
the  first  set  of  blood-colls  are  in  reality  the  embryonic  red  blood-corpuscles  which, 
when  first  formed,  exactly  resemble  the  corpuscles  of  the  adult,  except  that  the  cen- 
tnl  depression  is  less  distinct.  See  also  Schafer,  Proceed.  Roy.  Soc  ,  xxii.  No.  151, 
who  shows  that  blood-corpuscles  arise  in  the  interior  of  the  vacuolated  and  nucleated 
cells  of  connective  tissue;  the  haemoglobin  being  deposited  in  the  form  of  minute 
elobules,  which  increase  in  size  and  form  the  corpuscles,  whilst  the  colls  elongating, 
branching,  and  uniting  with  others  form  the  vessels. 
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progre.^sive  metamorphosis  of  the  corpuscles  of  thoae  fluld!:!^  l«  ao  apitttfja 
wbich  has  come  of  late  to  be  ven^  generally  received  amount  Phvi*itj|'>^i'eh; 
it  miiy  be  found,  however,  to  require  some  modification.  It  rest^  u|jou  facial 
of  three  diflerent  orders:  Ist,  the  preseoce  in  the  blood  of  ovipanjuji  Verte 
brataf  of  corpuscles  exbibittof^  what  appear  to  be  intermediate  ^radalicnu*  tif 
development  hel^veen  Lymph -corpuscles  and  their  nucleated  Henl  rorpiis- 
etea;  and  this  especially  in  blood  in  which  an  iLnusually  rapid  developmeul 
of  red  corpuscles  is  taking  place,  to  make  up  for  previous  loss;  2d,  frequent 
ruddiuesi?  in  the  hue  of  the  lluid  of  the  Thoracic  duct,  which  seems  to  de- 
pend up4m  the  Incipient  development  of  Hsemoglobin  in  some  of  its  float iug 
ct^rpus^cles ;  and  3d,  the  progressive  transition  from  one  form  to  the  other, 
which  may  be  observed  in  the  ascending  scale  of  animal  exiitence.  As  to 
the  precis  mode,  however,  in  which  the  non-nucleated  Rett  corpuscles  nf 
Mammalian  bhx>d  are  produced,  much  ditference  of  opinion  still  exists* 
Tlie  most  probable  view  i;^  that  the  ordinary  lymphglobule,  whirh  i**  a  nth 
cleu^,  may  either  develop  into  a  white  corpuscle,  wliich  is  a  nuclcnt***!  cpW^ 
or  into  a  red  eorpus»^Ie**  Mr.  Wbartoo  Jone^  still  holds  the  view  ori^nally 
mamtained  by  Hew^m,  that  the  red  corpui^cle^  of  Mammalia  prowecl  fmni 
the  nuclei  of  Ihe  pale  t-orpuscks,  aod  it  is  almost  certain  that  amongst  the 
apyreuiemata  the  entire  white  corpuscle  does  not  Ixjcume  the  red  corjwiiiclc, 
though  various  observers  have  shown  that  the  pale  nucleated  cells  of  th« 
pyrenicmata  do  pass  into  the  colored  nucleated  red  corpuscle  of  tJiis  Miction 
of  vertebrata.  Thus  this  ditference  In  the  mode  of  developmeot  would  ap- 
pear as  remarkable  as  the  difference  in  the  perfect  structure,  already  de- 
scribed, of  the  Ted  corpuscles  of  these  two  main  divisions  of  VcrtcbratJi, 
And  thus  also  the  Chyle  and  Lymph  seem  to  be  continually  supjilying,  not 
merely  the  pttlntfum  for  orgaui nation,  derived  from  the  foixJ,  whereby  lh« 
eotn|)onents  of  the  liquid  part  of  the  blootl  are  replenished  as  ia^t  ti§  ihey 
are  withdrawn;  hut  also  the  rudimentary  corpH^cleif  which  are  to  be  prtigres- 
ilvely  metamorphoj?ed  into  the  particles  that  tloat  in  its  current.  In  one  or 
iwo  instances,  under  exceptional  circumstances,  the  red  blood *corpiiscl«4 
have  been  seen  to  be  undergoing  fission. 

184.  Composition  of  the  Biood. — The  morphological  or  formed  element*  of 
the  B1o<kI  having  l>een  thus  separately  described,  we  have  now  to  inquire 
into  the  chemical  characters  of  the  various  components  which  are  as^tvciatc'il 
in  the  liquid  as  a  whole,  and  the  proportions  in  whieh  they  se^'crally  present 
theriiselves.  These  are  subject,  even  within  the  limitii  of  health,  to  coo^id*, 
era ble  variations;  some  of  which  seem  to  depend  upon  the  conHtitution  of| 
the  iudlvidual,  his  diet,  mode  of  life,  etc.;  whilst  others  are  probably 
referable  to  the  period  at  which  the  las^t  meal  was  taken,  and  tbe  amount 
of  bodily  exertiou  made  within  a  short  time  previous  to  the  analysis.  Henc^ 
DO  single  analysis  could  represent  the  average  compO!<ition  of  the  bloody 
even  if  it  were"  itself  chemically  accurate;  but  them  are  difficulties  iu  th« 
way  of  quantitatively  determining  with  precision  the  several  compoueni^  of 
the'  blood,  which  interpose  a  new  source  of  uncertainty  and  error.  Nutwiih- 
fitanding  the  numerous  investigations  which  have  been  made  upon  the  RIikrIi 
tlie  means  of  separating  the  several  constituents  are  not  sufficiently  exact  n> 
enable  us  to  arrive  at  more  than  an  approximative  estimate  of  their  r*^pec- 
tive  proportions.  The  marked  discreimocy  observable  between  the  rt^sulta 
obtained  bv  different  analysts,  especially  in  regard  to  the  relative  pnij*or- 
tions  of  Albumen  and  C-orpuscles,  arises  in  great  degree  from  the  tliffereuee 
of  the  methoih  of  anui^sis  employed^  as  has  been  prove<l  by  M,  v.  G*iru|i-Be- 
saues^.^    For  he  found  that  when  four  samples  of  ilm  mtnt  blood  were  ex- 

'  Bm  Dr.  B©nn«?lt»  Laneet,  vol,  i,  l%m,  p.  878* 
*  Journ.  fiir  Pmkt.  Chem,,  Bd,  i^  p.  S4a. 
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amiDed  by  the  methods  adopted  by  four  different  experimenters  respectively, 
the  results  were  as  follows.  The  first  specimen  was  the  blood  of  a  vigorous 
man  fifty  years  old. 

BecQuerel  t.  Gorup- 

Scherer.  and  Kodier.  Hofle.  Besaoex. 

Water,  .        .        .        .796  93  796.98  796.93  796.98 

Solid  matters,       .        .        .    208.07  203  07  203.07  203.07 

Fibrin, 1.95  1.95  1.95  1.95 

Corpuscles,    ....  116.16  117.82  108.23  108.23 

Albumen,      ....  58.82  6387  50.84  70.75 

Extractive  matters  and  salts,  27.14  19.48  47.05  27.14 

The  second  specimen  was  from  a  robust  man  twenty  years  old  : 

Becquerel  y.  Gonip- 

Scherer.         and  Kodier.  H5fle.  Besaoez. 

Water,  ....     783.63  783.68  783.63  783.63 

Solid  matters,        .        .         .     216  37  216.37  216.37  216.37 

Fibrin, 1.56  1  56  1.56  1.56 

Corpuscles,    ....  11854  131.52  115.12  115.12 

Albumen 64.82  65  91  51.76  62.74 

Extractive  matters  and  salts,  86.95  17.38  47.98  86  95 

185.  We  have  now  to  notice  those  less  prominent  components  of  the 
Blood  which  have  not  been  hitherto  described  in  detail.  Under  the  general 
bead  of  Fatty  Matters  are  included  several  different  kinds  of  fat;  of  which 
the  most  important  are  the  saponifiable  fats,  stearin,  palmitin,  and  olein  ; 
the  phosphorized  fats  or  glycerin-phosphoric  acids,  which  appear  to  originate 
from  the  decomposition  of  Lecithin  (§  54)  in  the  blood,  and  cholesterin. 
The  proportion  of  the  saponifiable  fats  is  always  considerably  increased 
after  food,  the  increase  proceeding  from  the  entrance  of  the  oleaginous  chyle 
(§  153).  The  kind  of  food  will,  however,  of  course  materially  affect  the 
quantity  of  fat  contained  in  the  blood.  Nasse  found  2.6  parts  of  fat  in  1000 
of  the  blood  of  a  dog  that  had  been  kept  fasting  for  four  days.  After  bread 
diet  it  ra«e  to  3.1  parts,  after  meat  to  3.8,  and  after  suet  aud  starch  to  4.1 
parts  in  1000.  The  followiug  table  represents  the  mean,  maximum,  and 
roiDimum  amounts  of  fatty  substances  in  the  healthy  blood  of  Man  (the 
proportion  in  that  of  the  female  being  almost  precisely  similar),  according  to 
the  analyses  of  MM.  Becquerel  and  Kodier : 

Meau. 
Saponified  fat,  .  .  .  1.004 
Phosphorized  fat,  .        .       .488 

Cholesterin, 088 

Serolin, 020 

The  source  of  the  peculiar  odor  of  the  blood  is  probably  a  volatile  fatty 
acid,  too  minute  in  its  amount  to  admit  of  being  separately  estimated.  This 
odor  may  be  made  much  more  apparent  by  treating  the  blood  with  sulphuric 
acid,  even  after  it  has  been  long  dried ;  and  in  all  those  animals  which  are 
readily  distinguishable  by  their  odorous  emanations,  it  may  thus  be  made 
80  perceptible  as  to  admit  of  their  blood  being  distinguished  (at  least  by  an 
inaividual  possessed  of  a  delicate  sense  of  smell)  through  its  scent  alone. 
Of  this  test  use  has  been  made  with  great  advantage  in  juridical  investiga- 
tions.' 

1  See  M.  Barruel's  researches  on  this  subject  in  Ann.  d'Hygidno,  etc.,  tomes  i,  ii, 
and  X. 


Max. 

MIn. 

2.000 

.700 

1.000 

.270 

.175 

.030 

.080 

inappreciable. 
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186.  Under  the  vague  term  Ej-fradive,  have  lieeo  included  raanr 
siibstaueeii  which  nurmally  present  themselves  in  only  very  atnall 
and  which  are  con8ec|Ueutly  difficult  of  detection  ;  l>ut  which  are  exti 
important  in  a  phy&iologieal  poitit  of  view,  an  the  chief  "tactori"  (toui 
appropriate  designation  of  Prof*  Ijehmaon)  in  the  melaroorphosi^  of  aDitnal 
tisi^ue,  both  pro^remvc  and  rdro^rude,  AmonpTst  the  latter,  Urea,  Cr»tift, 
and  Creatiniu;  Uric,  Hippurie,  and  Lactic  Acida;  Leaein,  TyrciAiii,  and 
Hypoxanthin  (or  Sarkiu),  may  be  particularly  mentioned.  Jteides  the 
foregoing,  the  extractive  of  blood  generally  «eems  to  contain  Sugar,  of  an 
amyloid  substance  (Pavy).  that  is  \miting  for  elimination  by  the  respiratory 
procea*,  this  substance  being  found  most  abundantly,  however^  in  the  blooil 
of  the  hepatic  vein»  vena  cava,  and  pulmonary  artery.  As  raight  lie  ex- 
peeled,  tilt*  proportion  of  sugar  in  the  blood  is  greatly  aftected  liy  the  diet 
of  the  animaL  Plasz  and  TiegeP  have  described  a  i?accharifying  ferment 
in  the  blood,  and  Hutson  Ford'  maintains  that  alcohol  derived  fn>m  the 
decomposition  of  sugar  is  normally  present.  The  very  small  amount  in 
which  the  Blood-constituents  of  this  class  normally  present  themr<elve?,  ii 
readily  accounted  for  by  the  fact,  that  they  are  only  en  roirfe  between  the  ti^&iues 
and  tEe  excretory  organs  which  are  destined  for  their  elimination  ;  eo  that  as 
long  as  the  disintegrating  processes  taking  place  in  the  former  are  balant:^ 
(as  they  should  be)  by  the  activity  of  the  latter,  tht«e  substances  are  with- 
drawn from  the  hlood-eurrent  as  fast  as  they  are  introduced  into  it,  and  m 
sensible  aecumnlation  will  occur.  It  can  scarcely  be  doubted  that  the  more 
attentive  study  of  this  part  of  the  blood,  prosecuted  upon  large  quaulities 
at  once,  will  be  atttindeu  with  the  discovery  of  many  facts  thai  would  throir  ^ 
great  light  upon  the  Chemistry  of  the  histogenetie  operations,  and  of  the 
retrtjgrade  metamorphointij  of  the  effete  materials  of  the  tissue^^ 

187.  No  list  of  the  Inorffmiie  CumtiHtents  of  ihe  Blood  which  hv^  yet 
been  given  expresses  the  preeii^e  mode  in  wtiich  they  are  gn>uped  togftlit*r. 
The  proportion  which  the  Ctirbonates  bear  to  the  Phoaphatci*,  however, 
seems  to  be  *mall  in  human  blotwl,  as  h  sliown  by  the  following  table, 
founded  on  the  analysis  of  Verdeil,"  of  the  percentage  compK»sitioii  of  the 
mh  of  the  bloody  after  deducting  the  carbon  still  contained  m  it : 


I 


M«t). 

KaCl. 

K&HO. 

HKO. 

MjO. 

M^^ 

FA- 

F*WfV 

0<V 

1.*  .     .      . 

mm 

2M 

6.27 

12.70 
1L24 

o,«w 

L26 

1.70      7.48 

8.55 
3,21 

B.e8 

MS 

a95 

Id  Carnivorous  animals  the  Phosphates,  in  Herbivorous  the  Carbonal^,  \ 
are  in  excess,  which  is  obviously  related  to  the  difference  of  their  diet.  The 
proportion  of  Sodium  Chloride  in  both  classes  exhibits  a  remarkable  cou* 
atancy.  The  normal  presence  of  various  metals  in  the  blood  has  b4^cn  altiir* 
nately  admitted  and  denied.  Iron  is  unquestionably  always  pre^-nt,  aad 
amounts  to  0,42  percent,  of  the  haemoglobin  present.*  Millon'  funnd  in  100 
pl^rta  of  the  insoluble  residue  of  the  ash  of  blood  1  to  t^  parts  of  siLicium,  1 


»  Paagor'e  Arcbiv,  187a|  p.  8^1. 

■  Nhw  York  M<*d.  Journal,  v*>L  xv,  Te72,  p.  ML 

«  Ann.  <!or  Cbt^m.  imd  Phitrm.,  Bd.  Ixlx,  |i,  80, 

'  jMnn,  furly-flve  y«urs  t>ld^  suffering  \'tom  weiik  digestion. 

*  Woman,  twenty-two  yetirs  old^  san^uln^oua  UmptTiifticnt. 

*  See  Fudakaw&ki,  Centr»dblfttt  t  d.  MedJcin    \\\^^  ,  l8fi(S,  p,  705^ 
'  Amual,  de  Cbiin,  et  de  PhyA.,  ^t.  rii,  t.  xxiil,  p*  S72. 
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to  5  parts  of  lead,  0.5  to  2.5  parts  of  copper,  and  from  10  to  24  parts  of 
maDganese.^ 

1^.  We  have  now  to  inquire  into  the  principal  modifications  which  the 
relative  proportions  of  these  constituents  undergo  in  the  state  of  health, 
under  the  influence  of  varying  conditions  of  the  system  ;  and  notwithstand- 
ing the  want  of  absolute  correctness  in  the  analyses  of  which  we  are  at  pres- 
ent in  possession,  those  that  are  made  by  similar  methods  give  results  suffi- 
ciently trustworthy  to  enable  them  to  be  compared  together,  and  thus  to 
give  a  tolerably  correct  indication  of  the  circumstances  which  determine  the 
inerecue  or  diminution  in  the  principal  components  of  the  Blood. — The  first 
of  these  modifying  conditions  which  requires  special  notice  is  Age,  During 
the  latter  part  of  fcetal  life,  the  blood  is  remarkably  rich  in  solid  contents, 
as  appears  from  the  following  comparative  analyses  of  Denis  :^ 

Venous  Blood  of  Blood  of  Umbilical 

Mother.  Artery." 

Water, 781  0  701.5 

Solid  constituents,      .        .         .         .210.0  298  6 

The  larger  quantity  of  solid  constituents  in  the  blood  of  the  fcctus  is  chiefly 
doe  to  the  increased  proportion  of  corpuscles,  which  appears  to  continue  for 
a  short  time  ailer  birth ;  but  it  gradullv  diminishes ;  and  the  whole  amount 
of  solid  matter  in  the  blood  seems  to  fall  to  its  lowest  point  during  the  period 
of  childhood.  Towards  the  epoch  of  puberty,  however,  the  amount  of  solid 
matter  increases  again,  the  chief  augmentation  being  in  the  corpuscles;  and 
it  remains  at  a  high  standard  during  the  most  vigorous  period  of  adult  life, 
after  which  it  begins  to  decline.  This  is  made  apparent  in  the  following 
table,  deduced  from  the  analyses  of  Denis,  which  are  confirmed  by  those  of 
Lecanu  and  Simon  :* 

Solid  Constituenta. 
In   5  individuals  between   5  months  and  10  years,      .         .170 
13  "  *'         10  years      and  20      "  .         .     200 

11  "  •*         20      "  80      »'  .         .     240 

12  "  **         80      "  40      "  .         .     240 
P>          "                 *«         40      "                 60      '*  .         .     240 

8  "  "50      "  <iO      "  .         .     220 

9  "  "         60      **  70      "  .         .     210 

189.  An  appreciable  difference  exists  between  the  blood  of  the  two  Sexes; 
that  of  the  male  being  from  12  to  20  per  cent,  richer  in  solid  contents  than 
that  of  the  female,  the  excess  being  particularly  ob.servable  in  the  propor- 
tion of  the  corpuscles.  There  is  no  doubt,  also,  that  the  proportions  of  the 
constituents  var}"  considerably  with  individual  temperament  ixud  c()}i.itltution ; 
the  proportion  of  the  whole  solid  constituents,  and  es])ecially  of  the  cor- 
pu.scles,  being  considerably  greater  in  individuals  of  the  plethoric  or  "  san- 
guineous" temperament  than  in  persons  of  the  "lymphatic"  temperament ; 
and  it  appears  from  the  analyses  of  Lecinu,^  that  the  sexual  difference  in 


>  Mel.*en8  ( Annal.  de  C.  et  de  P.,  xxiii,  j).  8r)8)  donios  the  presence  of  copper  and 
lead;  and  Bechamp  (Journ.  de  la  Phys.,  1800,  vol.  iii,  p.  211)  appears  to  think  ihe 
occurrence  of  all  or  any  of  these  metals  to  be  merely  accidental. 

*  Recherches  Experimentales  sur  1e  Sang  humain,and  Simon's  Animal  Chemistry, 
vol.  i,  p.  238;  see  also  Panum,  Virchow's  Archiv,  18G4,  Bd.  xxix,  p.  481. 

'  Which  has  been  shown  by  Poggiale  to  be  identical  with  that  of  the  body  of  the 
F<etu*  (Comptes  Rt^ndus,  t.  xxv,  p.  198). 

*  Animal  Chemistry,  vol.  i,  pp.  237-239. 

*  Etudes  Chimiques  sur  le  Sang  humain,  p.  60,  and  Simon's  Animal  Chemistry, 
vol.  i,  p.  236. 
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the  Woini  almost  disappears,  when  the  blood  of  males  aod  of  f^male^  of  the 
latter  leiiijieminent  is  compared. 

190*  A  coueiderable  iuflueiice  L^  exercitsed  on  the  entire  amount,  and  oa 
the  relative  proportions,  of  the  constituent*  of  the  BltM^d,  by  the  prorioiii 
ingcition  of  rood  or  Drink,  and  by  the  Diet  habitually  employed.     Wbeu 
a  Ml  tijeal  eontainitm  oily  matter  i§  taken  atter  a  long  fml.  and  a  sumil 
quantity  of  blood  k  drawn  previously  to  the  meal  and  at  intervals  «abi^ 
queutly,  the  i*erum,  though  t^uite  limpid  in  the  blood  firet  drawn,  fihoW5  mn 
incipient  turbidity  about  half  an  hour  afterwards  i  this  turbidity  increa6€9 
for  about  six  houis  subsequently,  after  which  it  usually  begins  to  disappear. 
The  period  at  which  the  decoloration  i:^  the  greatest,  however,  and  the  leil|th 
of  time  during  which  it  continues,  vary  according  lo  the  kind  and  quantity 
of  the  food,  and  the  s^tate  of  the  digestive  functioiis.     When  nneh  milky 
Berutn  is  examined  with  the  microscope,  the  opacity  is  found  to  be  due  to 
the  pre^^ejice  of  an  injniense  number  of  exceedingly  minute  graiiule«,  irlenii- 
cal  with  thuse  which  form  the  "  molecular  base  "of  the  chyle  (§  153  l    They 
seem  to  be  composed  of  two  chemically  distinct  gubatauce^;  for  when  the 
milky  serum  is  agitated  with  ether,  a  part  Is  dissolved,  whilst  an  other  pj>r- 
tioij  remaiuH  sujjpendetl :  and  this  latter  is  eoluhle  in  caustic  ix>ta»at.    The 
furmer,  therefore,  appears  to  be  identical  with  the  **  molecular  base"*  <tf  the 
Chyle,  and  to  be  of  un  oily  or  fatly  nature ;  whilst  the  latter  belongs  U^  ikt 
protein-compounds,  and  probably  couiitituted   the   haptogeu    membmne  of 
A&chengon,  by  which  all  fatty  particles  floating  in  aa  albuuiinous  flulci  im* 
mediately  become  invej*ted-    The  Crai^samentum  of  guch  b]o<>d  often  exhibit* 
a  pellucid  fibrinous  crust,  sonjetimes  intergpersed  with  white  dot-H;  and  this 
seems  to  conE?ist  of  an  imperfectly  assimilated  protein-com|X)Und,  analiigt*tii 
to  that  found  in  the  serum.     The  quantity  of  this  varies  a<*cordi ug  to  the 
amount  of  the  protein -com  pounds  present  in  the  tlM>d, — The  inerea-*e  of  mc* 
vharine  matter  in  the  blood  (in  which  it  forms  part  of  the  ** extractive *'X 
after  the  ingestion  of  a  large  quantity  of  saccharine  or  farinaceous  alitncnl, 
has  been  noticed  by  many  ex|)erimenter3>     Its  proportion  dilfer&  much  iu 
different  parts  fif  the  body. — It  might  be  tairly  presumed  that  a  tentfMiniry 
augmeutation  must  take  place  in  the  aqueous  constituent  of  the  blomt,  vshm* 
ever  any  considerable  quantity  of  liquid  is  ingested ;  and  yet  this  augmen* 
tation  is  much  less  considei-able,  under  ordinary  circumstances,  than  we 
should  at  first  be  inclined  lo  suppose.     For  there  exist  various  provisions  iu 
the  system  (the  peculiar  Malpighian  apparatus  of  the  Kidneys  being  the 
chief  )  for  rapidly  freeing  the  blood  from  any  superfluity  of  water;  and  thus 
any  excess  of  fluid  absorbed  is  speedily  drawn  off  again.     But  further,  it  is 
certain  that  when  the  vessels  are  already  filled,  absorption  dottj.  not  tak^J 
place  with  nearly  the  same  readiness  as  after  long  abstinence  from  liquitls 
{§  Ki(>) :  the  rate  of  absorption  being  in  great  degree  governed  by  that  at 
which  the  liquid  is  disposed  of.     The  iimuenee  of  the  Begimt-n  upon  the 
comjHKHition  of  the  bhxKi,  however,  appears  to  be  more  definite  and  coiitilant 
An  animal  diet  tends  to  iucrextse  the  whole  amount  of  solid  matter,  but 
espe<'ially  to  augment  the  proportion  of  corpuscles.    On  the  other  hand,  a 
vegetable  diet  tends  to  lower  the  whole  amount  of  solid  matter,  occasioning 
a  marked  reduction  iu  the  corpuscles,  whilst  it  seems  rather  to  iucrcajie  lbi» 
albumen  ;  thu?f  sallowing  that  the  decrease  in  the  corpuscles  is  not  due  to  a 
deficiency  in  the  a^otized  pabulum,  but  depends  on  some  other  condidon. 
The  development  of  fibrin  appears  to  take  place  at  leaat  m  readily  on  the 
vegetable,  as  on  the  animal  regimen.     Hence  we  see  what  may,  and  what 
may  not,  l3e  cfiectcd  in  the  treatment  of  diaease,  by  the  adoption  uf  a  par* 
titular  dietetic  system  j  for  we  may  promote  or  retard  the  development  of 
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the  red  corpuscles  by  the  employment  of  an  animal  or  a  vegetable  regimen, 
but  can  make  little  or  no  impression  upon  the  fibrin.^ 

191.  The  effects  of  Loss  of  Blood  and  of  Abstinence  are  very  similar  in 
their  nature.  Almost  as  soon  as  the  stream  begins  to  flow  from  a  wounded 
vessel,  there  seems  to  be  a  transudation  of  watery  fluid  from  the  tissues  into 
the  current  of  blood;  for  this  undergoes  a  rapid  diminution  in  density,  so 
that  the  portion  last  drawn  is  of  lower  specific  gravity,  and  contains  a  con- 
siderably smaller  amount  of  solid  matter,  than  that  which  first  issued.  The 
principal  diminution  occurs  in  the  proportion  of  red  corpuscles ;  the  amount 
of  fibrin,  albumen,  extractive  and  saline  matters  and  fat  being  only  slightly 
afiected.'  We  shall  find,  indeed,  that  in  inflammatory  diseases  the  amount 
of  fibrin  undergoes  an  extraordinary  increase,  which  is  not  checked  in  the 
slightest  appreciable  degree  by  the  most  copious  venesection.  It  is  remark- 
able that  after  very  considerable  losses  of  blood,  a  decided  increase  shows 
itself  in  the  proportion  of  Colorless  corpuscles,  not  only  relatively  (as  to  the 
red)  but  absolutely;  so  that,  in  the  blood  of  a  Horse  from  which  50  lbs.  had 
been  previously  abstracted,  the  colored  and  the  colorless  corpuscles  appear 
to  exist  in  equal  numbers.' 

192.  We  have  now  to  consider  the  differences  which  present  themselves  in 
the  composition  of  the  Blood  drawn  from  different  vessels  of  the  same  body ; 
these,  it  is  obvious,  being  dependent  on  the  changes  to  which  the  fluid  is 
subjected,  during  its  passage  through  organs  that  will  appropriate  or  change 
its  several  constituents  in  an  unequal  degree.  And  the  first  and  most  im- 
portant of  these  sets  of  differences,  is  that  which  exists  between  Arterial  and 

Venous  blood.  The  analyses  already  cited  having  been  made  chiefly  upon 
the  latter,  it  will  be  sufiScient  here  to  state  the  general  results  of  compara- 
tive inquiries  into  the  composition  of  the  former.  The  quantity  of  solid 
constituents  pertaining  to  the  Corpuscles  is  smaller;  they  contain  relatively 
more  haemoglobin  and  salts,  but  much  less  fat.  The  liquor  sanguinis  is 
somewhat  richer  in  Fibrin;  but  it  contains  a  larger  proportion  of  water,  and 
consequently  less  Albumen.  The  Fatty  matters  of  the  serum,  as  well  as  of 
the  corpuscles,  are  considerably  diminished;  on  the  other  hand,  the  Extrac- 
tive ana  ^Saccharine  matters  are  decidedly  increased.  The  most  remarkable 
difference  between  Arterial  and  Venous  blood,  however,  lies  in  the  amount 
of  gases  which  they  respectively  contain.  The  observations  of  M.  Malassez* 
have  shown  that  the  relative  amount  of  corpuscles  in  the  blood  varies  con- 
siderably in  different  parts  of  the  body,  being  really  increased  in  the  blood 
of  the  splenic  vein,  because  new  corpuscles  are  formed  in  the  spleen  and 
really  diminished  in  the  blood  of  the  hepatic  vein,  owing  to  the  destruction 
of  the  corpuscles  in  the  liver.  On  the  other  hand,  they  are  apparently  di- 
minished in  the  mesenteric  veins  during  digestion  owing  to  the  absorption 
of  fluid,  and  apparently  increased  in  the  blood  returning  from  the  skin, 
glands  and  tissues  generally  owing  to  the  exosmose  of  the  fluid  parts. 

193.  Pneumatology  of  the  Blood, — The  Gases  contained  in  the  blood  prin- 
cipally consist  of  Oxygen  and  Carbonic  acid,  the  former  being  chiefly  com- 
bined with  the  red  corpuscles,  the  latter  wholly  with  the  saline  constituents 


*  See  on  this  subjwt  the  treatise  of  M.  Emilo  Mrtrchand,  De  1' Influence  compftra- 
tive  du  Keginie  ATegetal  et  du  Regime  Animal  siir  le  Physique  ct  le  Moral  dc 
rUorome. 

'  ijee  the  Observations  and  Analyses  of  Zimmerman  ( Holler's  Arcbiv,  Ud.  iv,  p. 
a8o) ;  Pulli  f  Med.-Cbir.  Review,  Oct.  1847) ;  J.  Daw  (Anat.  and  Physiol.  Rc^uarches, 
vol.  ii.  p.  28j. 

*  Koliiker^s  Manual  of  Human  Histology  (Sydenham  Society's  edit.),  vol.  ii,  p. 

m. 

*  See  Pamphlet,  1873,  and  London  Med.  Record,  1874,  p.  132. 
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of  tlje  plasma,     A^mall  proportion  of  Nitrog^u  ami  traea*  of  Amintmli 
however,  cou^tanlly  present     In  IDO  volumes  of  blood  are  found  i>*?twtf 
and  60  volumes  of  them  gase^  collectively  (oamelv,  in  arterial  l»k«Ml  OOJ 
3(*-S5  vol,  0  16-20  vo!,,  and  N  1  or  2  vol.,  m  venou 9^0,40-^0  vol.,  0 12  vol^j 
H  1  or  2  vol/);  but  their  total  quantity,  m  well  as  their  relative  prop<L>rtii»a 
present  cousiderable  variations  in  diflerent  part^  of  the  bodv-     From  tiiil 
results  of  numerous  rc^ceut  researches  the  conelusiowis  may  be  drawo.  thu 
the  afflnity  or  capacity  of  ahsorptiou  of  the  blood  for  the  two  fir-:  \\ 

gases  at  lea&t^  m  pLTuliar*  fullows  laws  of  it^  own,  and  dlfiers   ir, 
from  that  of  other  lifjuidii.     If  we  compare  it,  for  iustance,  with  uaier,  u« 
find  that  whilst  100  voL  of  water  will  take  up  2.97  vol,  of  Oxy|r«^ti  nt  i^uituU 
ard  temperature  aud  pres^^ure,  the  &ame  quantity  of  blocMi^  at  ^J^i"  F.*  ^ill " 
absorb  txom  K>,882  vol.  to  10.7G4  %^oL;'  aud  the  amount  ab^orKHl  atipc^rij 
to  be  but  slightly  atfected  by  the  degree  of  pressure  t^  which   the  ilmA  b 
subjected  (Bert),  though  aeeordhig  to  the  experiments  of  Bern  an  i"  it  var' 
to  a  considerable  extent  in  blood  drawn  from  different  regions  of  the  Uwiy.] 
Thus  whilst  100  voL  of  arterial  blood  which  already  contained  a  con^idr^ 
able  amouut  absorbed  only  8.9  voh  of  Oxygen,  the  same  quatility  of  blotid  ^ 
taken  from  the  Jugular  Vein  abt^orbed  1(3  voL,  from  the  Right  lli^iirt  2M , 
vol.f  and  from  the  Portal  Vein  30  vol.  of  this  k!as^  and  Grehani  liiuiid  thidi 
the  arterial  blood  of  a  dog  contained  16.3  vol.  per  cenL  of  Oxygen ,  hot  if  J 
the  animal  were  made  to  breathe  O,  the  proportion  rose  to  23.3  dit  cent,  l 
whilst  if  it  were  agitated  with  oxygen  out  of  the  br*dy  it  contained  26.^  p«?rj 
cent.     In  ordinary  air  the  tension  of  the  oxygen  is  equal  to  a  column  rifi 
mercury  158  mm,  in  height,  corre^^pontling  to  20.8  per  cent,  by  volvime;  buti 
the  tension  of  the  oxygen  in  the  blood  Is,  in  consequence  of  its  affinity  ffif 
haemoglobin,  very  low,  amounting  in  the  case  of  the  arterial   bUxMi  ai  diu 
dog  to  a  mean  of  only  22  mm,  of  mercury,^  that  is  to  say^  it  corrt^in^mli*  t^i 
the  tension  of  oxygen  in  an  atmosphere  containing  2.0  jwr  cent  of  ihiB  jpu; 
in  the  venous  blood  it  amounts  to  29,6  mm,  i  3.9  per  cent.).     For  complete 
aat  unit  ion  the  pressure  of  the  oxygen  in  the  atmsisphere  or  in  the  bh«id 
must  amount  to  between  20  and  30  mm.     With  increase  of  temperaturr?  tlie 
affinity  of  bremoglobin  for  oxygen  diniiuigheSj  whilst  with  diminshht^d  tern-, 
pent! u re  it  increases,  or  in  other  words  the  quantity  of  oxygen  ab^orl^wl  by" 
.  the  blo<jd  varies  inversely  with  the  temperature  of  the  air  iii^^pired/    la  a 
similar  manner,  whilst  100  vol.  of  water  will  ab.'^orb  about  HXl  vuK  of  Car* 
bonic  acid  at  ordinary  temperature  and  pre.«s?ure,  Meyer ^  found  that  IOt> 
voh  of  fnc'sh  defibiinated  hhjod  would  take  up  178.3  voh  of  Carbonic  acid  At 
48°  F.,  the  tpniotity  increai;ing,  though  not  in  direct  proporiiuu,  wiih  the 
pressure.     The  tensi«)n  of  the  COj  In  ordinary  air  amounti*  to  tU18  mm.,  ct^r- 
responding  to  O.Oo  per  cent,  by  volume;  but  in  arterial  blood  it  amounts  m  \ 
its  average  to  21  mm.»  i>.,  to  the  tension  of  the  gas  in  an  atniusiphere  rcio- 
taining  2.8  per  cent.;  and  in  venous  blood  to  41  mm.^  or  to  the  tension  of  I 
the  gsm  in  an  atmoaphere  containing  5.4  j^er  mulf    £veo  aa  reganb  ^itnh-l 


^  8et«cbcnnW|  Beltrage  zur  PneumatoTnpc  dps  BUiteSi  Sit*iir^ff*lH*rii*ht  d.  k,  Akid. 
d.  Wisa<?n9.p  1X1  vi,  1859,  p.  293.  S*?(jabo  Feniet,  Annul  de  Scien.  Nut.,  IS^s.  Wm, 
Vlii,  JJ   V2fy.     Gr^hnnl,  Com  plea  Kondus,  Ixiv,  p.  405. 

'  Lemons,  1859,  torn.  I,  p.  282. 

*  ^ce  Worm  MiJUcr.  Berioht  d.  SneliG.  Gosollschoftj  1870,  p,  S5L  S*so  alio  Hi'f* 
innmi,  PUyaiulogie,  1B74|  p.  140, 

*  Miithieu  nod  D'Urbftin,  Archives  dp  Phyeiologie,  No.  5,  ^W*%  S^  Alio  lUtof 
and  St.  Pierre,  Journal  d&  PAjiatomio,  18G5, 

*  ZeitM^Jirirt  f-  Kat.  Med.,  Bd.  viii,  p.  256. 

«  See  Hernovnu,  op   ciU,  p   140,  quoted  from  StrH>sl>nrg.     Woltl  i  '^r'l 

Arc^hiy,  Bd.  iv^  Heft  x^  found  tho  t*?tidoii  of  the  U  in  i\w  hlood  ot   -i      ,  rurj  _ 

eapiUttried  amounted  to  27  mm.  of  merour^^i  and  that  of  the  CO,  |o  24  mtiu 
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gen,  the  Blood  appears  to  possess  a  superior  power  of  absorption  than  pure 
water,  100  vol.  of  tne  latter  absorbing  at  ordinary  temperature  and  pressure 
about  1.5  vol.  of  nitrogen,  while  100  vol.  of  fresh  defibrinated  Blood  de- 
prived of  gas  by  exhaustion  will  absorb  about  5  vol.  at  a  temperature  of  65*^ 
F.  and  under  a  pressure  of  0.6  m.  (Setschenow).  It  is  very  evident  then 
that  the  absorption  of  these  gases  does  not  take  place  in  accordance  with  the 
ordinary  law  established  by  Dalton  and  Henry,  but  that  chemical  affinity 
must  come  into  play;  and  the  investigations  of  Meyer,  Fenict,  Heidenhain,* 
Preyer,  and  Pfliiger*  and  others  indicate  that  the  carbonic  acid  present  in 
the  blood  may  be  divided  into  two  portions,  of  which  one  follows  the  ordi- 
nary law  of  absorption,  whilst  the  absorption  of  the  other  is  only  explicable 
on  the  supposition  of  there  being  certain  substances  in  the  blood  for  which 
it  possesses  a  strong  affinity,  and  with  which  it  enters  into  combination. 
These  substances  appear  to  be  the  carbonate  and  phosphate  of  soda  con- 
tained in  the  liquor  sanguinis,  for  dilute  solutions  of  both  these  salts  in  pure 
water  exert  a  well-marked  influence  in  increasing  the  quantity  of  carbonic 
acid  which  can  be  absorbed;  in  the  former  case  a  bicarbonate  of  the  alkali 
being  formed,  and  in  the  latter  case  a  peculiar  double  salt,  represented,  ac- 
cording to  Fernet,  by  the  formula  PO^  -h  Na,  +  COj.'  As  regards  the 
Oxygen  contained  in  the  blood  there  seems  every  reason  to  believe  that  it 
is  chemically  combined  with  the  hajmoglobin  of  the  red  corpuscles  in  which 
it  exists  in  the  active  or  ozonized  condition,  and  from  which  it  can  be  ab- 
stracted with  the  utmost  facility  by  reducing  agents,  such  as  the  sulphides 
of  potassium,  ammonium,  and  hydrogen,  protoxide  of  nitrogen,  carbonic 
oxide,  and  iron  filings.  The  hicmoglobin,  therefore,  plays  a  most  important 
pert  as  a  carrier  of  oxygen  from  the  air  to  the  tissues,  the  affinity  of  which 
for  ozone  is  still  greater  than  that  of  haemoglobin.  One  gramme  of  haemo- 
globin takes  up  from  1.2  to  1.3  c.c.  of  oxygen,  carbonic  oxide,  and  pro- 
toxide of  nitrogen  at  standard  pressure  and  at  0°  C,  but  its  affinity  for  pro- 
toxide of  nitrogen  is  stronger  than  for  carbonic  oxide,  and  for  carbonic 
oxide  than  for  oxygen ;  so  that  by  presenting  blood  to  these  gases  in  that 
order  they  may  be  made  successively  to  replace  each  other.  Carbonic  oxide 
is  commonly  employed  as  a  means  of  determining  the  amount  of  oxygen 
contained  in  blood,  the  coloring  matter  of  which  under  its  influence  acquires 
optical  and  other  characters  which  remarkably  resemble  those  of  oxyhje- 
moglobin.  (3,  Fig.  116.)  The  importance  of  the  absorption  of  oxygen  beiug 
dependent  upon  chemical  affinity  and  not  simply  uikhi  pressure  is  sufficiently 
obvious;  since,  by  securing  the  introduction  of  a  definite  proportion  of  this 
gas,  it  enables  animal  life  to  be  maintained  without  difficulty  at  all  alti- 
tudes, and  under  the  most  various  conditions  of  atmospheric  pressure. 
Preyer*  states  as  the  results  of  his  experiments  that  Hienioglobin  forms  no 
chemical  compound  with  Carbonic  Acid  gas,  nor  does  it  materially  alter 
the  capacity  of  water  to  absorb  this  gas. 

194.  The  actual  quantity  and  relative  proportions  of  the  gases  contained 
in  the  blood,  as  well  as  the  exact  ratio  of  the  combined  to  the  simply  ab- 
sorbed gases,  is  still  a  matter  of  question.  The  following  table  gives  the 
most  recent  observations  on  this  subject  i*^ 


'  Studien  de«  Phvsiolog.  Inst,  zu  Brcslau,  1863,  p.  103. 

•  Cenlralblatt  f.  d.  Med.  Wiss.,  18G7,  Nos.  21  and  40. 

•  Heidenhnin's  expcrim«.'nts  show  that  this  statoniont  only  holds  for  ver}-  dilute 
solutions.     See  Sertoli,  Ccntralblatt  f.  d.  Med.  Wiss.,  18G8,  No.  10. 

*  Die  Blutcryetulle,  1871,  p.  78      Sco  also  Claude  Bernard,  Le9(>nj?,  1875. 

*  See  Henle  and  Meissner,  1857,  1859,  p.  303,  1860,  p.  «30;  v.  Gorup-Besanoz, 
Phys.  Cheroie,  1802,  p.  322.   Mathiou  and  JD'Urbain,  Brown-Sequard's  Archives,  1872. 
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In  100  VoU. 


Human  blood,     .     .     . 
Arterial  blood  of  dog, 


Venous        "        " 
Arterial      "        " 

"  '*     of  cat, 

Carotid  (arterial),  .     . 
Crural         **  .     . 


-.2 

=  ^u^ 

s 

-Hil 

2^° 

'X 

O  «  e« 

H     *- 

48  20    45  88 

46/22    

41.32  ' 


49.44  !  46.90 
82.81 


16.41 
11.89 

9.88 
16.9 

4.15 
15.05 

9.92 
28.45 
18.03 


CarboDic  Acid. 


2.82 
1.90 

1.20 
4.18 
1.54 
1.4 

28.27 

26.2 

5.49 
2.54 

1  19 
0.98 

80.66 

1.64 

1.60 

80.59  Setschenov. 
80.08  Schoffer. 
29.90,  NawrockL 

jPfluger. 
29.82  Schoffer. 
88  20  Setschenow. 
21.91  Hering. 
48.18  Matbieu. 
44.28;  UrbaiD. 


The  percentage  proportion  of  the  gases  of  the  blood  amongst  themselves, 
obtained  from  the  mean  of  seven  observations  of  Meyer  and  Setschenow,  is 

Oxygen, 28  20 

Nitrogen, 7.10 

Carbonic  Acid, 64.70 

100.00 

In  all  experiments  made  to  determine  the  proportions  of  the  gases  of  the 
blood,  the  investigation  should  be  commenc^  immediately  after  the  blood 
has  been  withdrawn  ;  since  it  is  certain  that  the  quantity  of  oxygen  decreases, 
and  of  carbonic  acid  increases,  with  considerable  rapidity.  Thus  Felix 
Nawrocki^  found  the  following  differences  in  two  equal  and  similar  portiona 
of  blood  drawn  at  the  same  time,,  one  of  which  (I)  was  examined  immedi- 
ately, and  the  other  (II)  after  the  lapse  of  24  hours,  the  mean  temperature 
of  the  air  in  the  room  being  86°  F. 

I.  II. 

C0„,     ....     34.66  ....  40.95 

O,        .        .        .        .       7.72  ....  1.02 

N,        .        .        .        .       1.97  ....  0.67 

44.05  42.64  vol.  in  100  of  Blood. 


MM.  Mathieu  and  Urbain^  found  that  whilst  blood  taken  from  arteries  of 
the  same  size  contained  equal  amounts  of  oxygen,  the  proportion  of  thisgu 
was  slightly  (2  or  3  per  cent.)  diminished  in  blood  drawn  from  the  smafler 
vessels.^  Hirschmann,  however,  found  no  remarkable  differences  in  the 
blood  of  different  arteries.  The  variations  which  occur  in  the  venous  blood 
returning  from  muscles  at  rest  aud  in  action,  as  compared  with  the  arterial 
blood  of  the  same  animal,  arc  well  shown  in  the  following  results  obtained 
by  Sczelkow,^  where  A  indicates  Arterial  blood,  MR  the  blood  retuming 
from  muscles  at  rest,  and  MA  that  returning  from  muscles  in  action : 


*  See  Studion  dos  Physiolog.  Institut  zu  Breslau,  1868,  p.  144. 
^  Op.  oit.,  p.  200. 

3  Ilirschmunn,  Journal  de  I'Anatomic,  1865,  p.  802.     See  also  Ester  and  Piemi 
Archiv  f.  Anat.  u.  Physiol.,  1866,  p.  502. 
«  Sitzungsbericht  d.  Wiener  Akud.,  Bd.  xlv,  1862. 
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Total  Gas. 

0. 

N. 

FreeCOb. 

Combined  COj. 

Total  CO*. 

A,     .     .     .     43515 
MR,.     ..     40  450 
MA,.     .     .     87.069 

17.884 
7.5 
1.265 

1.636 
1.364 
0.923 

24.204 
31.036 
84.443 

0.841 
0.650 
0.488 

84.645 
81.586 
34.881 

In  other  experimeDts  Sczelkow  found  that  the  venous  blood  returning 
from  muscles  at  rest  contained  on  the  average  6.71  per  cent,  more  carbonic 
acid  and  9  per  cent,  less  oxygen  than  arterial  blood,  whilst  that  returning 
from  muscles  in  action  contained  an  excess  of  10.79  per  cent,  of  carbonic 
acid,  and  a  deficit  of  from  12  to  14  or  even  16  per  cent,  of  oxygen ;  and 
similar  results  were  obtained  by  Bernard.*  The  experiments  of  Dr.  Gaird- 
ner*  seem  to  show  that  increase  in  the  relative  proportion  of  oxygen  in  the 
blood  increases  the  proportion  of  fibrin  that  may  be  obtained  from  it,  thus 
the  arterial  blood  of  six  healthy  rabbits  furnished  the  following  mean  per- 
centage results,  Fibrin  1.65,  Corpuscles  82.35,  Albumen  46.30.  On  the  other 
hand,  the  analysis  of  the  blood  of  three  individuals  which  had  been  made 
to  respire  pure  oxygen  for  half  an  hour,  gave  the  following  as  the  propor- 
tions of  its  components :  Fibrin  2.40,  Corpuscles  69.56,  Albumen  40.23.  It 
is  further  stated  by  Dr.  Gairduer*  that  a  rabbit  having  been  kept  for  half 
an  hour  under  the  influence  of  an  electro-magnetic  current  between  the  chest 
and  spine,  which  produced  a  great  acceleration  in  the  respiratory  movements, 
its  blood  was  found  to  contain  as  much  as  2.9  parts  of  fibrin  in  1000.* — The 
larger  quantity  of  fibrin  in  arterial  blood  of  itself  renders  its  coagulum 
firmer;  out  independently  of  this  there  would  seem  to  be  a  difference  in  the 
quality  of  the  fibrin,  which  when  separated  by  stirring  or  whipping,  is  more 
tenacious  and  compact  in  arterial  than  in  venous  blood.  Bert*  found  that 
when  oxygen  reaches  the  proportion  of  28-30  vols,  for  100  vols,  of  arterial 
blood  in  a  dog  the  animal  is  seized  with  convulsions,  while  a  proportion  of 
35  vols,  proves  fatal. 

195.  The  proportion  of  red  corpuscles  in  arterial  and  venous  blood  re- 
spectively has  been  variously  stated  by  different  observers,  and  we  may  easily 
conceive  it  to  be  affected  by  several  eircurastances,  which  may  produce  a 
change  in  the  whole  proportion  of  the  solid  to  the  fluid  constituents  of  the 
blood  during  the  course  of  its  circulation.  Thus,  the  discharge  of  the  con- 
tents of  the  thoracic  duct  into  the  venous  system  near  the  heart  will  tend  to 
dilute  the  blood  of  the  pulmonary  and  arterial  circulation ;  whilst  conversely, 
the  escape  of  the  watery  part  of  the  blood  by  the  renal  and  cutaneous  secre- 
tions and  by  transudation  into  the  tissues,  which  takes  place  during  its  pas- 
sage through  the  svstemic  capillaries,  will  tend  to  augment  the  proportion;*  of 
the  solids  of  the  blood  drawn  from  the  systemic  veins.  On  the  other  hand, 
if  the  discharge  of  fluid  from  the  thoracic  duct  be  suspended,  and  the  amount 
absorbed  from  the  tissues  during  the  systemic  circulation  should  exceed  that 
which  is  transuded  (as  appears  sometimes  to  happen,  §  191),  then  the  pro- 
portion of  solid  matter  will  be  less  in  venous  than  in  arterial  blood. — The 
difference  in  the  color  of  arterial  and  of  venous  blood  is  undoubtedly  due  to 


»  Lt-^ons,  vol.  ii,  1859,  p.  435.  *  Treatise  on  Gout,  2d  edit.,  p.  153. 

»  Op.  cit  ,  p.  183. 

*  More  recently  3Ir.  A.  H.  Smee  (Proceedinp^s  of  the  Royal  Society,  1863),  and  v. 
Gonip-Bceanez  (Physiolo^.  Chemie,  1862,  p.  137)  have  stated  that  thoy  have  obtained 
a. fibrin-like  8ub:ftanco;  the  former,  by  transmitting  Oxygen,  and  the  latter  Ozone, 
through  an  albuminous  fluid. 

*  Comptcs  Rendus,  No.  8.  Aug.  25th,  1873. 
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the  different  absorptive  powers  of  light  possessed  by  blood  charged  respec- 
tively with  oxygen  and  carbonic  acid.  Venous  blood  recently  taken  from 
the  living  animal,  and  containing  only  a  small  amount  of  oxygen,  is  dark, 
and  in  thin  layers  dichromatic,  whilst  its  spectrum  is  materially  different 
from  that  of  arterial  blood  into  which  it  is  immediately  changed,  becomiDg 
brighter  and  monochromatic  on  shaking  it  with  air  or  oxygen.  The  change 
in  color  which  results  from  the  addition  of  certain  reagents  to  the  blood  is, 
however,  partly  to  be  attributed  to  an  alteration  in  the  form  of  the  corpiu- 
cles,  the  tint  being  darkened  by  whatever  tends  to  distend  the  corpuscles,  »o 
as  to  render  them  flat  or  biconvex,  wliilst  it  is  brightened  by  whatever  tends 
to  empty  them,  so  as  to  render  them  more  deeply  biconcave.  Thus  arterial 
blood  is  rendered  dark  by  the  addition  of  water,  the  corpuscles  being  swollen 
and  more  or  less  deprive<l  of  their  coloring  matter.  Oxycen  will  not  then 
restore  the  form  of  the  corpuscles  or  the  bright  hue  of  the  mood,  but  this  is 
quickly  effected  by  the  addition  of  solutions  of  neutral  salts.  In  like  raaD- 
ner  venous  blood  can  be  reddened  by  strong  saline  solutions,  even  without 
the  contact  of  oxygen.  The  varying  circumstances  under  which  either  arte- 
rial or  venous  blood  may  be  at  one  time  dark  and  at  another  scarlet  in  color, 
have  been  very  fully  <liscussed  by  Wells  *  and  Bernard.'  The  latter  observes 
that  in  the  Ftetus,  aud  in  the  asphyxiated  animal,  the  blood  is  everywhere 
dark  or  venous.  On  the  contrary,  during  sleep,  in  the  hibcrnauts  during 
the  period  of  repose,  and  in  animals  dying  by  anannia,  the  blood  is  eveiy- 
wliere  scarlet  or  arterial.  With  high  temjwratures  of  the  surrounding  me- 
dium, whether  this  be  air  or  water,  there  is  little  difference  in  the  color  of 
the  two  kinds  of  blood,  the  arterial  being  less  and  the  venous  more  florid 
than  usual.^  The  difference  between  them  is,  on  the  other  hand,  best  marked 
in  cold  weather.  The  Blood  coniained  in  the  veins  of  muscles  is  dark,  and 
always  of  a  deeper  shade  in  proportion  to  the  energy  and  duration  of  the 
previous  muscular  contraction,  whilst  that  returning  from  the  glands  is  always 
brighter  in  proportion  to  the  activity  with  which  secretion  is  being  performed; 
and  in  the  latter  instance,  with  the  alteration  in  color,  the  amount  of  fibriu 
is  found  to  be  diminished,  or  so  modified  as  to  form  a  softer  clot,  from  which 
a  larger  (juanlity  of  serum  separatees.  It  is  remarkable  that  if  the  dark- 
colored  clot  of  ordinary  venous  l)lood  be  immersed  in  the  serum  of  the  scarlet 
venous  blood,  it  rapidly  assumes  a  i)righter  tint,  and  conversely  the  clot  of 
scarlet  venous  blood  changes  to  a  dark  color  when  immersed  in  the  serum 
of  deeply-colored  venous  blood  ;  from  which  we  may  conclude  that  the  pri- 
mary changes  are  cfiected  upon  the  Liquor  Sanguinis,  and  not  upon  the  cor- 
puscles. The  influence  of  the  Nervous  System  in  inducing  alterations  in  the 
Color  of  the  blood  returning  from  the  salivary  glands  has  already  been  pointed 
out  (§105). 

196.  Although  but  little  difterence  except  as  regards  the  relative  propor- 
tion of  oxygen  and  carbonic  acid  gases  ])resent  can  be  detected  between 
samples  of  blood  drawn  from  various  parts  of  the  Arterial  system  of  the 
same  animal,  very  important  variations  exist,  as  might  ha  expected,  in  the 
comj)osition  of  the  blood  drawn  from  the  several  pirts  of  the  Venous  svstem ; 
since  the  changes  to  which  it  has  been  subjected  in  the  several  organs  tliroueh 
which  it  has  passed,  are  of  a  very  diversiiied  character.  The  blood  of  the 
Vena  Portie.  for  exami)le,  diffei*s  considerably  from  the  blood  of  the  Hepatic 
vein,  and  both  of  these  differ  from  the  blood  of  the  Jugular.  So,  again,  the 
bloo<l  of  the  Splenic  as  well  as  that  of  the  Renal  vein  differs  from  all  the 


»  Pliil.  Trans.,  171*7.  a  Lemons,  xi  to  xix,  1859. 

3  S'T  an  account  of  Davy's  and  Crawford's  Experiments,  in  Gulliver's  Lectures, 
Med.  Times  and  Gaz  ,  18G3,  vol.  i.  p.  1. 
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preceding.  The  most  important  and  best  established  of  these  diversities  will 
DOW  be  enumerated.  lu  s])eaking  of  the  composition  of  the  blood  of  the 
Vefia  ParfiE,  it  must  be  remembered  that  this  consists  of  two  very  distinct 
factors,  namely,  the  blood  of  the  Gastric  and  Mesenteric  veins,  and  the  blood 
of  the  Splenic  vein ;  the  former  having  been  altered  by  the  introduction  of 
solid  and  liquid  alimentary  matters,  and  the  latter  by  its  circulation  through 
the  spleen.  These,  therefore,  ought  to  be  separately  studied  ;  and  this  has 
been  done  by  M.  Jules  B^clard.*  The  characters  of  the  blood  returning  by 
the  Gastric  and  Mesenteric  veins  from  the  walls  of  the  alimentary  canal,  are 
of  course  affected  by  the  stage  of  the  digestive  process,  and  by  the  nature 
and  amount  of  the  absorbable  matters.  As  compared  with  the  ordinary 
venous  blood,  the  total  quantity  of  ita  solid  constituents  is  lowered  during 
the  early  part  of  the  digestive  process,  by  the  dilution  it  suffers  through  the 
imbibition  of  liquid ;  and  this  diminution  is  especially  remarkable  in  the 
corpuscles,  the  relative  proportion  of  albumen  being  increased  by  the  intro- 
duction of  new  albuminous  matter  from  the  food.  Towards  the  conclusion 
of  the  digestive  process,  however,  the  blood  of  the  mesenteric  veins  gradu- 
ally comes  to  present  the  ordinary  proi)ortions  of  these  two  components ;  and 
in  an  animal  that  has  been  subjected  to  long  abstinence,  it  does  not  differ 
from  that  of  the  venous  system  in  general.  The  quantity  of  extractive  is 
usually  increased  ;  and  in  this  part  of  the  blood  it  must  be,  that  sugar,  dex- 
trin, gelatin,  and  other  soluble  organic  matters  that  are  taken  into  the  cir- 
culation, are  contained.  S^jme  of  these  have  in  fact  been  detected  in  it.' 
The  fibrin  of  the  blood  of  the  mesenteric  veins  appears  to  be  less  perfectly 
elaborated  than  that  of  the  blood  in  general ;  for  the  blood  of  the  mesen- 
teric veins  coagulates  less  firmly  (having  been  erroneously  asserted  by  some 
not  to  coagulate  at  all) ;  and  its  fibriu,  when  separated  by  stirring,  shows  a 
marked  deficiency  in  tenacity,  and  liquefies  completely  in  the  course  of  a  few 
hours.  A  part  of  the  albuminous  constituent  of  this  blood  does  not  present 
the  characters  of  true  albumen,  for  it  is  not  precipitated  by  heat  or  by  nitric 
acid,  and  the  precipitate  thrown  down  by  alcohol  is  redissolved  by  water; 
like  albumen,  however,  it  is  precipitated  by  the  metallic  salts,  ereasote,  and 
tannin.  This  substance,  which  has  been  distinguished  by  M.  Mialhe  as 
aWuminose,  further  differs  from  true  albumen  in  the  facility  with  which  it 
traverses  organic  membnines ;  for  the^e  resist  the  passage  of  albumen,  while 
they  are  freely  transuded  by  albuminosc.  And  it  is  affirmed  by  M.  Mialhe, 
that  the  want  of  that  conversion  of  albuminosc  into  albumen,  which  ought 
to  take  place  as  part  of  the  assimilating  process,  is  one  cause  of  the  readi- 
ness* with  which  albuminous  matter  transudes  from  the  blood  in  albuminuria 
and  in  dropies;  this  albuminous  matter  frequently  having  rather  the  char- 
acters of  albuminosc,  than  those  of  true  albumen.' 

197.  The  Splenic  blood  is  remarkable  for  the  marked  decrease  it  presents 
iu  the  amount  of  solid  matter  it  contains;  the  average  of  twelve  experi- 
ments giving  only  187.1  per  1000  of  solid  constituents  in  the  splenic  blood, 
whilst  the  arterial  blood  of  the  same  animals  contained  239  parts,  and  the 
jugular  venous  blood  201  parts.*  The  decrease  depends  upon  the  diminished 
proportion  of  red  corpuscles.  The  albumen  and  fibrin,  on  the  other  hand, 
with  the  white  corpuscles,  are  usually  more  or  less  increased  in  their  relative 


'  See  his  Memoir  in  the  Arch.  G^n.  de  Med  ,  4«  Forie,  torn,  xviii,  p.  :VJ2  ct  seq. ; 
and  hi*  edition  of  his  fathor's  EUrnenB  d 'Anatomic  G*>neralo,  pp.  20o,  200. 

'  Se«?  th«»  Researches  of  MM.  Bouchardat  and  Sandras  in  the  Supplement  ii  TAn- 
nuairc  de  Therapeutique,  1846. 

•  See  the  Cours  de  Physiolopie  of  M.  Paul  Bernrd,  tom.  iii,  p.  87. 

*  See  the  Analyaea  of  Mr.  Grav  in  his  Essay,  On  the  Structure  and  Uses  of  the 
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proportions,  the  fibrin  having  been  found  in  amounts  varying  from  2.5  to 
11.53  parts  in  1000,  and  coagulation  having  been  noticed  to  recur  when  the 
blood  had  already  been  freed  from  the  fibrin  by  whipping.  Hirt'  counted  1 
colorle*?  to  2179  colored  corpuscles  in  the  blood  of  the  splenic  artery,  but  1 
colorless  to  (U)  colored  in  that  of  the  splenic  vein.  The  red  corpuscles  some- 
times present  crystals  in  their  interior.  Many  comparative  observations 
have  been  made  upon  the  blood  of  the  Vena  Porke  and  of  the  Hepatic  vein; 
but  a  large  part  of  them,  according  to  M.  CI.  Bernard,  are  vitiated  by  the 
fact,  that,  unless  the  vena  porta?  be  tied,  a  reflux  of  blood  takes  place  into 
it  from  the  liver,  so  that  the  blood  which  flows  when  it  is  wounded,  is  not  so 
much  portal  as  hepatic  blood.  The  latter,  like  all  blood  which  contains 
much  carbonic  acid  and  little  oxygen,  coagulates  slowly  and  forms  a  bulky 
clot  fn)in  which  the  serum  imperfectly  separates.  It  contains  8  or  9  per 
cent,  less  water  than  the  portal  blood,  owing  apparently  to  the  retl  corpuscles 
taking  up  solid  materials  in  their  passage  through  the  liver.  The  blood  of 
the  hepatic  vein  is  far  richer  in  blood-cells,  both  colored  and  colorless,  than 
that  of  the  portal  vein ;  Hirt  estimated  that  the  proportion  of  the  colorless 
to  the  rod  corpuscles  was  in  the  j)ortai  venous  blood  as  1 :  524,  in  the  hepatic 
as  1 :  186 ;  the  colored  are  seen  in  heaps  of  a  distinct  violet  color,  and  they 
are  less  reariily  destroyed  by  water  than  are  those  of  the  blood  of  most  other 
vessels.  The  corpuscles  in  the  blood  of  the  hepatic  veins  are  poorer  in  fat 
and  in  salts,  and  especially  in  htematin,  or  at  least  iron,  but  somewhat  richer 
in  extractive  matters.  Their  specific  gravity  is  higher  than  that  of  the  cor- 
puscles of  the  portal  blood,  notwithstanding  the  diminished  quantity  of  iron. 
The  plasma  of  the  blood  of  the  hepatic  veins  is  far  denser  than  that  of  the 
blood  of  the  portal  vein,  for  it  contains  a  much  larger  amount  of  solid  con- 
stituents generally,  although  little  or  no  fibrin  is  to  be  found  in  it.  If  we 
compare  the  solid  constituents  of  the  serum  of  both  kinds  of  blood,  we  find 
less  albumen  and  fat,  and  far  less  salts,  in  the  blood  of  the  hepatic  vein, 
while  the  (juantity  of  extractive  matter,  and  especially  of  sugar,  unless  the 
examination  be  made  instantaneously  after  death,  is  perceptibly  augmented.? 
It  cannot  be  doubted  that  when  the  secretion  of  urine  is  proceeding  with 
rapidity,  the  blood  of  the  Rfimd  vnn  must  contain  a  smaller  proportion  of 
water  than  that  of  the  renal  artery,  and  that  the  quantity  of  salines  also 
must  be  diminished  ;  since  a  separation  of  these  ingix'dients  take^^  place  in 
the  j)assage  of  the  blood  through  the  renal  capillaries.  So  far  as  regards 
the  (piantity  of  water,  this  a  priori  conclusion  has  bei»n  confirmed  by  the 
analyses  of  Simon,  who  found  71M)  parts  of  water  in  1000  of  blo<xl  drawn 
from  the  renal  artery,  and  only  778  in  blood  drawn  from  the  renal  vein  of 
the  same  anima!.^  And  Picard^  found  in  the  renal  arterial  blood  of  two 
dogs  O.O.SO.")  and  0.04  per  cent,  of  Urea,  whilst  in  the  venous  blood  returning 
from  the  kidneys  the  proportion  was  0.0180  and  0.02  |X)r  cent.  Poisseuille 
and  (iobley,'*  however,  did  not  find  the  difference  so  well  marked  or  con- 
stant. 

1JI8.  AUrrations  in  the  Com  position  of  the  Blood  in  Disease. — Under  this 
head  it  is  intended  here  to  consider,  not  the  state  of  the  Blood  in  eveiy 
principal  type  of  disease  (which  it  is  the  duty  of  the  Pathologist  to  investi- 
gate*, but  the  most  important  facrts  which  the  study  of  its  morbid  conditions 
has  affurdi;<l,  towards  the  determination  of  the  conditions  under  which  de- 


»  Miillitr's  Archiv,  1H.>0. 

«  Ph\>-it»l«)git'al  Chi'inistry  (Cavendish  Soci«»ty's  od.).  v«»l.  ii,  p.  2*'>9;  Lehmftnn, 
Lcipzii^tT  J5«'iifht<',  iii,  lol  ;  :ind  1'harmai.vut.  C\*ntrulblutt,  1856,  p.  433. 
3  Siii)«>ir>  Animal  (^hrniistry  (Sydonhnm  Society's  t-d.),  vol   i,  p.  214. 

*  Pirjird,  Sur  lu  Prd-t-nro  de  I'Ureo  dans  le  Sang,  Stra«buurg,  1850. 

*  Com  pie*  Ki'ndus,  180!),  p.  1(14. 
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cided  variations  take  place  id  the  quantity  or  quality  of  its  principal  com- 
ponents, and  of  the  effects  which  those  variations  produce  upon  the  system 
at  large.  Many  analyses  have  been  made  by  excellent  observers  ;^  but  in 
consequence  of  the  variations  in  the  mode  of  analysis  pursued,  the  results 
can  only  be  given  in  general  terms. 

199.  The  first  of  these  components  whose  variations  we  shall  consider,  is 
Fibrin:  the  estimate  of  which,  however,  is  open  to  an  important  fallacy, 
that  has  not  been  sufficiently  guarded  against,  namely,  the  admixture  of  the 
Colorless  corpuscles.  "  These,"  as  Mr.  Paget  correctly  remarks,  "  cannot, 
by  any  mode  of  analysis  yet  invented,  be  separated  from  the  fibrin  of  mam- 
malian blood ;  their  composition  is  unknown,  but  their  weight  is  always  in- 
cluded in  the  estimate  of  the  fibrin.  In  health  they  may,  perhaps,  add  too 
little  to  its  weight  to  merit  consideration ;  but  in  many  diseases,  especially 
in  inflammatory  and  other  blood  diseases  in  which  the  fibrin  is  said  to  be  in- 
creased, these  corpuscles  become  so  numerous  that  a  large  proportion  of  the 
supposed  increase  of  the  fibrin  must  be  due  to  their  being  weighed  with  it. 
On  this  account,  all  the  statements  respecting  the  increase  of  Sbrin  in  cei^ 
tain  diseases  need  revision.'  In  the  results  of  the  analyses  now  to  be  stated, 
it  must  be  borne  in  mind  that  the  term  "  fibrin  "  really  designates  the  ''  col- 
orless ooagulum"  of  spontaneous  formation,  whatever  may  be  its  composi- 
tion. The  following  may  be  considered  as  the  normal  range  of  variation  for 
the  principal  constituents  of  the  blood  in  health,  according  to  the  mode  of 
estimating  them  pursued  by  MM.  Audral  and  Gavarret: 


Fibrin, 

from      2  to 

8J  pnrts  per  1000. 

R<»d  corpuscles,    . 

"      110   '• 

152       " 

Solids  of  serum,  . 

"         7-2   »• 

88       ^^              '^ 

Water, 

li      760  " 

815       »*              " 

200.  The  most  important  fact  substantiated  by  Andral,  is  one  that  had  been 

Sreviously  suspected, —  the  invariable  increase  in  the  quantity  of  Fibrin 
uriug  acute  Inflammatory  affections,  as  pleurisy  and  pneumonia,  the  in- 
crease being  strictly  proportional  to  the  intensity  of  the  inflammation,  and 
to  the  degree  of  symptomatic  fever  accompanying  it.  "The  augmentation 
of  the  quantity  of  Fibrin  is  so  certain  a  sign  of  Inflammation,  that,  if  we 
find  more  than  5  parts  of  fibrin  in  1000  in  the  course  of  any  disease,  we 
may  positively  affirm  that  some  local  inflammation  exists."  The  average 
proportion  of  Fibrin  in  inflammation  may  be  estimated  at  7 ;  the  minimum 
at  5;  the  maximum  at  1*].3.  The  greatest  augmentation  is  seen  in  Pneu- 
monia and  Acute  Kheumatism.  Such  blood  in  general  coagulates  slowly.' 
An  increase  is  also  commonly  observable  during  the  advanced  state  of 
Phthisis,  in  spite  of  the  deterioration  which  the  blood  must  then  have  un- 
dergone, and  this  is  probably  dependent  upon  the  development  of  local 
inflammation  around  the  tubercular  deposits.  In  continued  and  Typhoid 
Fevers,  whilst  the  proportion  of  Corpuscles  is  commonly  increased,  there  is 
a  decrease  in  the  proportion  of  Fibrin,  especially  in  the  early  stage;  though 
the  usual  augmentation  will  take  place  if  any  local  inflammation  occurs. 
It  appears  from  the  experiments  of  Magendie,  that  one  of  the  eflects  of  a 

>  S««  Andral  and  GaTHrret,  Essai  d'Ha^mutologie  Puthologiquu ;  Bocqucrul  and 
RiiditT,  Kec'herchcs  sur  la  C(>mp<ii»ilion  dii  Sang,  otc. 

'  Kirkea  and  Panel's  Handbook  ol*  Physiology,  p.  57. 

■  The  white  fibrinous  clots  found  after  death  in  the  heart  and  larcjo  arteries,  in 
▼arioU0  diseasei^,  appenr  to  owe  their  origin  to  the  slight  di!>po!*ition  of  the  hlood  in 
the^  cases  to  coagulate,  thus  affording  time  for  the  sinking  or  separation  of  the 
red  corpuscles.  Mayer  has  augmented  the  amount  of  fibrin  in  the  blood  of  dogs  to 
nearly  double  its  normal  amount  by  repeated  bleedings,  repeated  at  stated  intervals 
(quoted  in  Brucke'0  Vorleeungen,  1874,  p.  117). 
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dimbution  in  the  proportion  of  Fibrin  is  a  tcuHcncy  to  the  orciirreDce 
Haemorrhage  or  Congeetion,  eitber  in  the  pareucliymatous  tis^uf  **«■ 
surface  of  membranes;  and  these  conditions  arc  well  known  to  < 
common  com  plication  3,  not  only  of  febrile  diseawa,  but  also  of  A^- 
and  Purpura  hieraorrbagiea,  in  both  of  which  there  is  a  marked  defi« 
of  Fibrin.    It  ha.^  been  asserted  that  the  proportion  of  Fibrin  ii*  dimioS 
in  Scurvy;  but  this,  from  the  analyses  of  MM.  Becquere!  and  RtKiter,  Cliatia 
and  Bouvier,'  and  Mr.  G,  Busk/ appears  not  to  bf  the  ca*ie,  ihe  prapcirtioul 
of  tibriu  being  rather  above  than  below  the  normal  average.     In  C%€ikf%J 
however,  a  reduction  in  the  eoagulabie  element  of  the  blood  seem*  !o  he  ag 
almost  constant  occurrence;   and  iu  some  instances  the  bloiwl,  a!rhf>u^1|] 
b>aded  with  solid  matter,  has  scarcely  coagulated  at  all,   Ofth*  'nural 

during  life,  it  has  been  ob^^erved  that  the  clot  is  hiofse  and  gn  .rVfa 

not  Bhriuking  and  expelling  serum  ;  and  that  thi??  change  preis^nits  it^^lf  m 
a  degree  corresponding  to  the  seventy  and  advanced  stage  of  the  di^«a^. 
And  when  the  blood  lias  been  removed  from  the  body  after  death »  the  clf>t 
have  been  found  loi^^  and  fragile  in  texture,  sometimes  a!mo?t  semifluifi'l 
How  far  the  io<'alleii  exudHilun  found  in  an  inflamed  part  is  dependeal; 
upon  the  aceumulation  of  the  white  corpuscles  on  the  exterior  of  the  ves^la^'' 
as  described  by  Waller  and  Cofinheim,  cannot  as  yet  be  stated  with  oer* 
tainty. 

20L  The  amount  of  Bed  Corpuscki  seems  to  he  subject  to  greater  vnh- 
ation,  within  the  Jimits  of  ordinary  health,  than  is  that  of  iibrin«  It  nuiy 
even  form  a  raciaL  chamcteristic,  for  Mr.  Bakewell*  states  that  he  wn*  able 
to  distinguish  the  Mohammedan  from  the  Htud^w  by  the  pro(>orrion  of  ror- 
puseles  contained  in  their  blood,  and  both  of  these  races  readily  frfxn  the 
D^ro,  the  blood  in  the  latter  race  being  verv  highly  corpusculatcd.  In  ibr 
condition  which  is  ordinarily  termed  a  higlify  sanguineous  tem|K*raTneni,  f>r 
Plethora^  it  is  chiefly  the  entire  mass  of  the  blood  that  undergoes  an  incrca^r; 
but  whatever  excess  there  may  be  in  the  proportion  of  it^  S4>lid  constitucntA, 
this  affects  the  Corpuscles  rather  than  the  fibrin,  the  proportion  of  lh«^«', 
according  to  ^lantega^za,^  rising  from  5,000^000,  which  b  the  nomml 
amount,  to  5,500,000  iu  a  cubic  centimetre.  Fie t boric  per^u^  arc  not  mure 
prone  to  luftummation  than  are  those  of  weaker  constilutiou ;  but  they  arc 
liable  to  Congestion,  especiully  of  the  brain,  and  to  apoplexy  or  other 
haemorrhage.  The  effect  of  bleeding  iu  diminishing  this  tendency  is  now 
intelligible,  since  we  know  that  loss  of  blood  reduces  the  proi>ortian  of  cor- 
puscles,— On  the  other  hand,  in  that  tetn|>erauient*  which,  when 
becomes  Amtimia,  there  is  a  marked  dimiuution  of  the  Ci 
number  contained  iu  a  cubic  centimetre  falling  from  5,000,000,  wltkU  i?  iin 
normal  amount,  to  about  2,000,000.  This  temperamejit  may  lead,  on  rk 
one  hand,  to  Chlorosis  iu  which  the  Red  Corpuscles  are  diminibhcd  mImI^: 
the  Fibrin  remains  the  same,  a  condition  of  the  system  which  in  ^ingidailv 
Improved  by  the  remedial  employment  of  Ironf  and,  on  the  other,  to  Sctoi* 

'  JiHiPTi,  de  Chi  mm  Medkul©,  Mtirs,  1848 

*  Libriiry  of  Medicini?,  voU  v,  p.  90.    ism  aUo  Ch«fv«t,  ITaton  llisdUm)^,  I8TI| 
p.  525. 

»  See  Dr.  Fnrkci's  Rpeeiirche»  into  the  Piitliology  nnd  Tremmewt  of  lli«  Asistlecr 
Algid**  Cholerii,  pp.  32.  73. 

*  MiHi.  Timi^  mi^  GiiKcll^,  Noir.  1^72,  p.  514,     A)k»  a  \m\mr  read  b«fore  tW  A»- 
tl>ropolo£jk*iil  Socirty. 

»  Grt^rMrd.  ItJit,  18(J5,  Nos  2a  and  25. 

*  Til©  ivTm  li/mphttik  hm  bt*PT*  uppfiifd  to  this  lempernmcnt;  by  wblcb  term  *» 
m«ftnt  a  jhretlomvnHhcp  fit  lymph  in  the  absorbent  vefctjU. 

^  Thi?  pt5C«irfi^  vf  Medicine  it-nreely  furnish  n  moro  noUiblfl  oxAmplcof  l!it  prmi* 
ci^Ui  iDflttenceof  tlieorie}  faundod  upan  n  fiballow  Empirkiitifl,  nnd  of  ih«  superioHtj 


ALTBRATI0N6   OF   ITS   COMPOSITION   IN   DISEASE.  267 

ula,  in  which  a  diminution  of  Corpuscles  coexists  with  a  deficiency  in  the 
amount  or  in  the  degree  of  elaboration  of  the  Fibrin.  A  similar  deficiency 
in  the  proportion  of  Red  Corpuscles  has  been  observed  by  Andral  in  other 
cachectic  states  induced  by  disease,  as  in  Diabetes  Mellitus,  Aneurismal 
dilatation  of  the  Heart  producing  Dropsy,  and  in  Cachexia  Saturnina.  It 
occurs  also  in  Scurvy,  and  in  the  advanced  stages  of  Albuminuria,  and  Dr. 
Williams^  has  observed  a  similar  total  destruction  of  the  blood-disks  in  a 
case  of  malignant  scarlatina  with  purpura ;  and  has  met  with  indications  of 
m  partial  destruction  of  them  in  acute  purpura  connected  with  jaundice,  and 
in  cases  of  functional  derangement  of  the  liver. 

202.  A  marked  increase  in  the  proportion  of  the  Colorless  Corpuscles  has 
been  frequently  observed  in  the  olood  of  Inflammatory  subjects ;  this  in- 
crease is  not,  however,  so  characteristic  of  the  Inflammatory  state  as  some 
have  supposed;  for  it  is  by  no  means  constant  in  that  condition,  and  is  fre- 
quently seen  in  very  different  states  of  the  system.* — Attention  has  recently 
been  drawn  by  Prof  J.  H.  Bennett'  to  a  condition  of  the  Blood  which  is 
especially  characterized  by  a  marked  excess  of  these  bodies,  and  which  he 
baa*  designated  by  the  term  LexicocyihcBmia  (white-cell  blood).  This  con- 
dition has  been  detected  in  the  blood  of  a  considerable  number  of  individ- 
uals suffering  under  diseases  (most  commonly  enlargement)  of  the  Spleen, 
Liver,  and  Lymphatic  glands,  either  separately  or  in  conjunction ;  out  it 
has  not  yet  been  determined  how  far  it  is  constantly  associated  with  any  of 
these  abnormal  conditions.  In  all  cases  in  which  such  blood  has  been  an- 
alyzed, its  specific  gravity  has  been  found  very  low,  and  the  total  amount 
of  corpuscles  small ;  but  the  fibrin  is  almost  invariably  above  the  average, 
having  in  one  instance  risen  to  7.08. 

203.  The  quantity  of  Albumen  in  the  blood  seems  to  vary  less  than  that 
of  most  of  its  other  constituents.  The  proportion  which  it  bears  to  the 
water  of  the  serum,  is  of  course  elevated  oy  anything  which  diminishes  the 
latter;  and  thus  we  find  it  high  in  cholera  after  profuse  discharges  of  fluid 
from  the  intestinal  canal,  and  in  other  cases  in  which  there  has  been  an  un- 
osual  drain  upon  the  liquid  part  of  the  blood,  provided  that  the  albumen 
do  not  pass  ofl'  with  it,  as  sometimes  happens.  Where  some  special  cause 
is  in  operation,  which  favors  the  escape  of  the  albumen  from  the  circulat- 

of  a  RMtional  practice,  based  on  a  knowledge  of  tlic  real  facts  of  the  case,  than  is  aflforded 
bj  the  contrast  between  the  former  and  the  present  troalment  of  Chlorosis.  Whilst  the 
notion  prevailed  that  the  '*  buffy  coat"  is  a  sign  of  Inflammation,  and  that  the  most 
potent  remedy  for  InflMmmation  is  loss  of  blood,  patients  already  reduced  to  a  state  of 
anemia,  who  complained  of  pain  in  the  left  hypochondrium,  palpitations,  etc.,  were 
bled  over  and  over  again,  every  withdrawal  of  blood  of  coiirho  seriously  increasing 
the  mi^hief,  by  producing  a  further  reduction  in  the  proportion  of  rod  corpuscles 
((  187).  The  Author  well  remembers  that,  when  a  pupil  in  the  Bristol  Infirmary  in 
the  years  1833-4,  he  was  repeatedly  directed  b}'  the  estimable  Senior  Physician  (long 
since  deadj  to  draw  eight,  ten,  or  twelve  ounces  of  blood  from  patientn  in  this  con- 
dition ;  and  that  the  crassamentum,  after  coHgulation,  often  resembled  a  small 
Uland  floating  in  an  ocean  of  serum.  Yet,  because  this  minute  clot  exhibited  the 
bulTvcoat,  the  bleeding  was  considered  to  be  ''  orthodox  "  practice,  and  the  obstinacy 
of  tKe  aymptoms  was  attributed  to  the  severity  of  the  disease.  If  M.  Andral  had 
made  no  other  contribution  to  Medical  Science  than  the  demonstration  of  the  real 
nature  of  this  condition  of  the  blood,  and  of  the  intlucnco  of  further  depletion  in 
promoting  it,  he  would  have  rendered  a  most  essential  service  to  the  multitude  of 
females  who  are  unfortunate  enough  to  suifcr  from  this  kind  of  deterioration  of  their 
▼iul  fluid. 

>  Principles  of  Medicine,  2d  edit ,  p.  116. 

'  As  in  Scurvy.     See  Laboulb^no,  La  Revue  Scient.,  ser.  ii,  an.  1,  p.  43,  1871. 

*  See  bitf  successive  Papers  in  the  Edinb.  Monthly  Journal  for  1851,  his  Treatise 
On  Leucocythiemia,  and  his  Clin.  Lectures  On  the  Principles  and  Practice  of  Med., 
4th  edity  1866,  p.  867  et  seq. 
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ing  current  (a.^  hap|>eni!  in  varioua  ibrms  of  Albuminuria,  but  o^pedally  m 
the  nfhanced  stage  of  *' Bnght'a  ditease*'),  the  anioutti  of  albumeii  in  tb<^ 
Beruni  is  reduced  below  the  normal  standard.  Thus  Dr.  Cliridtbon  Um\d 
the  entire  ^olida  of  the  i^eruno  to  be  reduced  in  some  in^tancess  to  55  or  ev*- 
52  parfc*  in  1000^  hh  estimate  nf  their  normal  amount  being  SZA:  and  i 
found  the  specific  gravity  of  the  serum  to  fall  as  low  as  1020  or  even  loiy 
the  normal  standanl  being  from  1027  to  103L  According  to  ApdraL  ih 
diminution  in  the  amount  of  Albumen  in  the  Serum  in  exartly  r  je 

to  the  (|Uantity  coataiued  in  the  Urine,*     The  proportion  of  i\'>  -  uJtl 

dimiubhed  in  scurvy  (Chalvet).  The  proportion  of /«%  nuuici  m  ih» 
serum,  and  especially  of  the  eholesteritJ,  has  been  found  by  MM.  Jli^ti^titrvl 
and  Kodier  to  undergo  an  increase  at  the  commencement  of  inoet  ai^tii*^  dL^ 
eases;  and  they  have  also  observed  an  increa^  of  fat,  and  efpecnally  <if 
chole^lerin*  in  chronic  diseases  of  the  liver*  in  Bright *s  disease  of  the  kiii- 
ney,and  in  tuberculo&is.    The  quantity  of  fat  in  the  bli»od  sometimes  under- 

foes  such  an  aogmentation,  as  to  give  to  the  serum  a  eouBtani  **milkintsBL,*' 
'his  has  been  observai  by  Marcet  in  a  case  of  diabetes,  by  Traill  in  hep- . 
titis,  by  Christison  in  dropi^y^  icterus^  and  nephritis,  by  Zauareili  m  ifisn 
monia^  and  by  8ion  in  mammary  abscess     In  Dr,  8 ion**  ca^,  tha  Liu 
itself  was  i|uite  milky^  it  underwent  no  coagulation;  and  only  a  very  ^mali 
quantity  of  coloring  matter  was  deposited,  when  it  was  allowed   to  sisunt 
TUh  h\(Kid  was  found  hy  Leeaim  to  contain  2QG  part**  of  ^did  eoOMttuinilii 
in  lOlK);  but  of  these  uo  less  tiuiu  UT  part*  were  fat,  the  remainder  t^tn- 
giisting  of  albumen  (G4  parts),  and  of  exiractive^  and  mline^  (25  part*!.' 
Ki>  tibriu  could  be  founds  and  the  quantity  of  hie nn>yj I o bin  Has   ' 
ciable,'    Such  a  fluid  must  be  considered  rather  m  chyle  than  ;i 
and  in  the  entire  absence  of  coagulating  jMiwer^  corresponds  nilher  witji 
chyle  when  first  absorbed,  than  with  that  which  m  u.suuily  transmittrd  by 
the  thoracic  duct  {§  154),— Little  is  known  with  certainty  regar<liug  thi 
Tariations  of  the  alMlm  salU  in  the  blood  in  di^rent  diseases.     The  anai- . 
yses  which  have  been  made,  however,  are  coa&ider^  by  Prof.  Lehmann*  i 


*  A  case  is  rolaiod  by  Andral,  undor  Ihh  beadj  whic^h  nffordi  nu  :  ♦i* 
empltficiition  of  the  gene  ml  fut^ts  thiil  havt*  been  iittatn«Mi  by  his  itivr-               '      ^1 
Wurnim  who  biid  been  ^uff'prinj^  from  Erysifiobis  of  th*  fiieo,  nnd  Imd  lu^i  bUnid  botlil 
by  vt?iK*aiieii<m  »nd   hy   locche^j  b<>^iiriii.*  the  sobjet't  of  Albion  I  mi  rin      Tb**  t>lti 
driiwn  lit  this  time  exhibited  a  con s^idf' ruble  dimlnuliiLm  In  Iho  prcipor! 
CrtPpu^cI^j  na  weH  (is  of  Albumen, — n  fwi't  wbitrb  the  previou!*  lo**  of  ' 
0oiinted  for.     After  h  ?hnrt  period,  dn^trij^  ifc'hicb  j<be  bsid  bron  aHi^s.   i    . 

I  another  eiperimentnl  bkH'ditig  C3thibiti*d  nn  inercn&i?  in  xhi?  jirnpr.r  i    r,     t   H 
Lpu&elea.    Sonic  time  nftopwnrda,  when  the  Albumen  bad  iii*npi<(^ftfi'.i  Utu.:  tin   Ui 
riome  mor«  blood  wns  dmwnf  and  tt  wh«>  then  observed  ibm  tm*  Aibiom-n  of  iJiij 
ram  had  returned  lo  its  duo  |>ropurtionT  but  tbiit  the  Corpuscles  hud  rii^uifi  .!li 
l«hed,  whilst  tfacre  wab  a  miijked  increase  in  the  quwrvlity  of  Fibrm.      i 
WHS  fully  accounted  for  by  the  fm-t,  ibal  in  the  intcrviil,  ^ftrernl  Ijmj 
in  the  neek  bad  been  inflnmed  tind  hrid  puppurnted;  «nd  thht  tbo  pnlkia  hud 
Agiiin  pbiecd  on  very  low  diet.     *'Tbus/'^  observes  Andriil,  *'  wn  were  fniibW  if»  it^if* 
a  complete  explRntitiou  of  th^  remnrkiible  osdllntiMns*  whii-h  wt  r       -  ^  "^j" 

proportion  of  the  different  elementiiof  the  bloodr  drawn  nl  three  . 
the  sRoio  individual'  imd  Ihrue  it  is^i  tliiit,  the  more  extended  ar- 
more  eney  docs  it  bocomi?  t*^  refer  to  ijenerwl  ]>nn€iple»  tlie  CHU*ie*  > 
in  the  compushion  of  the  bloody  which,  from  tbc  rrequencTond  r:  _ 
ihcy  occur,  seem  at  flrti-t  iigbt  to  biiffle  nil  rulc«,  MT^d  to  tftJte  jdnee^  n*>  ti  witt,  nt  rtn4 
dom.  In  the  tnid&t  of  xhh  fip)>nrent  disorder^  Ibero  is  but  th»*  fullSlmeol  of  /ffw»; 
andj  in  order  to  obtain  Ihesct  it  i*  only  necessHry  to  ^trip  ibo  pbtitiom^na  <^f  ibeJrJ 
coniplicHlioQS,  and  reduce  theoi  lo  (heir  simplest  form." 

■  See  kIso  ji  case  by  Speck.  Arcbfv  T  wips,  Heilk.,  18fJ4,  p.  232* 

*  This  rcmarkflble'crtse  h  cited  in  Simon's  Animal  Chemistry,  vol.  I,  p,  898^  Iwa 
the  Lttncette  Frnn^aise,  1835,  No.  40. 

*  Pbysiologiciil  Chemistry  (Cftvendi^h  Society  *i  ed,),  vol.  if,  p.  S0t. 
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indicate  that  in  very  severe  inflammations  they  are  greatly  diminished  ; 
whilst  they  are  much  increased  in  the  acute  exanthemata  and  in  typhus,  in 
dysentery,  Brizht's  disease,  and  all  forms  of  dropsy  and  hydrsemia ;  and 
are  often  doubled  in  quantity  in  diseases  depending  upon  malarious  influ- 
ences, such  as  endemic  dysentery,  malignant  forms  of  intermittent  fever, 
etc.  Although  a  large  quantity  of  saline  matter  usually  passes  off  from 
the  blood  in  Cholera,  yet  the  proportion  of  water  discharged  is,  so  much 
greater,  that,  as  appears  from  the  analysis  of  Dr.  Garrod,  the  percentage 
of  salines  in  the  blood  is  rather  increased  than  diminished.^  The  propor- 
tion of  Water  in  the  blood  will  of  course  vary  reciprocally  with  that  of  the 
aolid  constituents;  and  will  be  specially  augmented  when  there  is  a  marked 
diminution  in  the  amount  of  red  coq)uscles. 

204.  That  the  Blood  is  subject  to  a  great  variety  of  other  morbid  altera- 
tions, which  are  sometimes  the  causes,  and  sometimes  the  results,  of  Disease, 
cannot  be  for  a  moment  doubted.  But  our  knowledge  of  the  nature  of  these 
changes  is  as  yet  very  insufficient.*  The  great  amount  of  attention  which  is 
being  directed  by  Chemists  and  Pathologists  to  the  subject,  however,  will 
doubtless  ere  long  produce  some  important  results. — Among  the  most  fre- 
quent causes  of  depravation  in  the  character  of  this  fluids  we  must  undoubt- 
eidly  rank  the  retention,  in  the  Circulating  current,  of  matters  which  ought 
to  6e  removed  by  the  Excretory  processes.  We  shall  hereafter  see,  that  a 
total  interruption  to  the  excretion  of  Carbonic  Acid  by  the  lungs  will  occa- 
sion death  in  the  course  of  a  very  few  minutes;  and  even  when  only  a  slight 
impediment  is  offered  to  the  elimination  of  the  carbonic  acid,  so  that  the  quan- 
tity of  it  always  contained  in  arterial  blood  is  augmented  to  but  a  small 
degree,  a  feeling  of  discomfort  and  oppression,  increasing  with  the  duration 


*  London  Journal  of  Medicine,  May,  1840. 

•  It  teems  not  improbable  that  the  phenomonii  of  disease  nro  sometimes  caus^ed  by, 
though  perhH|iB  in  other  instances  they  may  be  only  associated  with,  the  develop- 
ment of  Hvini;  oFfi^nisms  in  the  blood.  Thu^  extremely  fine,  movinc^  threadlike 
bodieft  resembling  spirillum,  have  been  observed  by  Obermcier  (Centratblatt,  1873,  p. 
145)  in  the  blood  of  patients  suffering  from  roi-urrent  fever,  shortly  befont  or  during 
the  crisis,  but  their  nature  is  unknown.  Nedvotf^ki  (idem,  1872,  p.  284)  has  seen 
moving  particles,  apparently  derived  from  the  white  corpuscles,  and  bncteridia  in  the 
blood  "f  ch«»leraic  patients  Nenveu  (Gaz.  Med.  de  Paris,  1872,  No.  8)  has  noticed 
hiu.'teria  in  cases  of  erysipelas.  Lewis  (Pamphlet,  1872,  Lancet,  1878,  1,440)  has 
described  a  peculiar  kind  of  Filuria,  as  beini;  constantly  present  in  large  numbers  in 
the  blood  of  patients  (in  India)  .suffering  from  chyluria^  Riess  (Reichert's  Archiv, 
1872,  p  287),  bright  granules  in  scarlet  fever;  Birsch-Hirschfeld  (Archiv  d.  Heil- 
kundc,  xiii,  1872,  p.  88),  micrococci  in  pyaemia  and  puerperal  fever;  Hiiter  (Central- 
blatt,  1868,  p.  177),  similar  foims  in  diphtheritis.  See  also  Orth,  Archiv  d.  Heil- 
kunde,  1872,  ziii,  p.  205,  and  Uiller,  Centratblatt,  1874,  p.  888.  In  the  Biennial 
IUiro*pect  of  Physiology,  of  the  New  Syd.  Soc.  for  1875,  several  other  references 
will  be  found.  Considerable  interest  attaches  to  a  statcr/lent  re<.>ently  made  by  Los- 
torfer  (Wien.  Med.  Jahrb.,  1872,  Heft  i,  p.  OG),  and  confirmed  by  Strieker,  though 
vehemently  denied  by  <»thers,  that  the  blood  of  syphilitic  patients  can  be  recognized 
by  the  presence  of  small  bright  bodies,  which  present  Brunonian  movements,  and  in 
the  course  of  a  week  after  removal  from  the  bo<ly,  enlarge,  sprout,  become  vacuo- 
lated, and  die.  Lostorfer's  statements  have  been  partially  corroborated  by  Biesia- 
decki,  who,  however,  regards  the  bright  particles  as  paraglobulin  (Untersuch.  aus 
dem  Path.-Anat4)m.  Institute  in  Krakau,  Vienna,  1872)  precipitated  by  carbonic 
acid  developed  during  the  decomp<»sition  of  the  blood.  Such  particles  are  present  in 
small  numbers  in  all  blood,  but  are  uncommonly  abundant  in  blood  pre^iarations 
from  sjphilitic  patients,  either  because  their  blood  contains  more  parai^lobulin  or 
leM  fibrinogrnous  subsUmce  than  othrr  blood.  See  article  by  Klein  in  Lond  Med. 
Record,  April  9th,  1873.  Halford,  On  the  Condition  of  the  Blocni  after  Snakebite, 
1867,  has  observed  peculiar  nucleated  cells  in  the  blood  after  snakebite,  which  he  be- 
lieves to  be  derived  from  germinal  matter  in  the  poison  of  the  snake,  and  to  have 
grown  at  the  expense  of  the  blood. 
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of  th  e  i  n  term  nt  i  on ,  i*  gpeed  i  1  x  p  rod  need.     T  b  e  ti^u  1 U  af  xh  e  retec  tioa  of  tlae 
loaterials  of  the  Biliary  aod  Urinary  excretions  will  be  hereafter  coQiideroi  . 
(cbap,  xi  i;  aud  at  pre^ut  it  will  be  only  riemarked  that  8uch  ritentioii  iift] 
inosit  fertile  eoaree  of  siigbt  disorders  of  the  system,  that  it  is  lar^lr  ( 
cerned  in  producing  many  ^vere  dUease§,  and  that,  if  complete,  it  will  i 
oenaitily  aiid  rapidly  bring  about  a  fatal  result. 

3,    Of  the  Viial  Properties  of  the  Blood,  and  iU  retattons  to  tt*  JJ^Kp 

OrganUm, 

205,  It  cannot  be  doubted  that  the  perfect  and  regular  p^rformfitiaeaf  the 
yarious  aetiona  to  which  the  Blood  13  subservient,  is  tl  si  llieail- 
tnixture  of  its  principal  components  in  their  due  pr^M  npoo  Ita 
freedom  from  deleterious  matters  whether  formed  witiiiu  tlie  -  r  in- 
troduced into  the  circulating  current  from  without.  And  it  l^  lultl 
to  see  how  any  conBiderable  alteration  which  affect;*  its  ph^^k^I  to; 
merely,  may  thereby  produce  a  most  serious  disturbance  in  the  reguluni;  ..i 
the  circulation^  and  in  the  functions  to  which  it  miuis^tere.  Tliu«i  it  ha^  htt^n 
shown  by  the  ex|)eriments  of  Poisseuille,'  that  a  certaiu  degree  of  viscidity 
m  favorable  to  the  motion  of  liquids  through  capillary  tube^;  a  thia  Kolutbttl 
of  iuearor  gum  being  found  to  traverse  them  more  readily  than  |wire  wat«r^ 
will  do.  Hence  any  perioui?  alteration  in  the  pr«>portion  of  the  nrgmueAod 
saline  compoundg  diEsolved  in  the  liquor  sanguinis,  and  esj>ecially  in  tbal  of 
the  Fibrin  (on  which  the  viscidity  of  the  blood  apt>ear2*  chiefly  to  rkpeoil), 
might  be  expected  to  produce  otfstruction  in  the  cnplllary  circulation,  auJ 
to  favor  transudation  of  the  fluid  ijortion  of  the  blood;  aud  (he  nT?*Ti<*r»m 
e^Lperiments  of  Magendie  (Op*  citj  seem  to  fevor  thi.s  view^  a' 
are  far  from  maui testing  that  character  for  accuracy  and  di- 
which  would  be  ref|uired  to  afford  an  authoritative  sanction  to  it. 

more  determinate  influence,  however^  must  be  exerted  upon  the  it 
pnscles,  by  any  cause  which  seriouslv  affects  the  specific  gravity  of  the  liqunr 
sanguinis  (§  173);  and  the  perfect  elaboration  of  the  Albuminonscoi^-^'*' 
of  tbe  serum  has  been  shown  to  be  requisite^  to  prevent  it  from  - 
transuding  the  membranous  walls  of  the  vessels  which  it  traverses  i^  i  ^' 
These  and  other  physical  and  chemical  relations  of  the  Blood  are  quit*! 
iubordinate  to  its  vital  reaelions;  and  it  is  into  them  that  we  have  now  to  1 
inquire.     Before  proceeding,  however,  to  inquire   into  the  nattire  of  tli« 
relation  of  the  Fibrin  and  the  Corpuscles — the  two  constituents  of  the  Mood 
that  are  most  highly  endowed  with  vital  properties — to  the  **  Life  of  tlii 
Bk>od/*  our  attention  may  be  ad%*antageously  directed  to  that  reiDarkaUt 
change  in  the  state  of  the  blood  when  withdrawn   from  the  V6»ebof  lilt 
livinf^  b(xly»  which  is  corrynonly  known  as  it^  ** coagulation.** 

206.  The  Co^f^tdafhu  of  ihr  Bhod  consists  in  the  new  arrangemeiit  of  ite 
constituent^^  which  take^  place  when  it  is  drawn  from  the  vesseli  miMl  it  left 
to  itself,  or  when  the  body  itself  dies  {%  172).  This  new  arrankr*  ""♦I'i  t^**ett- 
tially  depends  upon  the  passage  of  the  Fihnn  (or  of  the  d  -  of 
Fibrin)  from  the  wfuhle  to  the  imoiuhle  state,  in  which  it  forms, .- -.  ^.,  umur- 
phous  coagnlnni,  but  a  network  of  fibres  more  or  lcs«  de^oitelf  marked 
out;  in  the  meshes  of  which  network  are  included  the  Rctl  eorpaacles,  usually 
grou|>ed  together  in  columnar  massei^  resembling  piles  of  money.  Oano- 
meftt%$m  or  CiM  thus  formed,  gradually  acquires  a  degree  of  6rmn«^  pro- 

kportioned  to  the  amount  of  Fibrin  wliich  it  contains,  and  to  the  degree 
of  its  elaboration;  and  it  undergoes  a  progressive  contraction,  by  wh\ch  ihi 
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Albuminous,  Saline,  and  Extractive  matters,  still  dissolved  in  the  water,  are 
more  or  less  completely  expelled  from  it,  constituting  the  Serum,  This  sepa- 
imtion  will  not  occur,  however,  if  the  coagulation  take  place  in  a  shallow 
vessel;  nor  if  the  amount  of  Fibrin  should  be  small,  or  its  vitality  low.  A 
homogeneous  mass,  deficient  in  firmness,  presents  itself  under  such  circum- 
stances ;  though  the  solid  part  of  this  may  pass  into  a  state  of  more  com- 
Slete  condensation  after  a  lapse  of  a  certain  time. — That  the  coagulation  is 
ue  to  the  Fibrin,  and  that  the  Corpuscles  do  not  take  any  active  share 
in  the  process,  appears  from  several  considerations.^  A  microscopical  exami- 
Dation  of  the  clot  shows,  that  it  has  the  same  texture  with  Fibrin  when 
coagulating  by  itself;  the  Corpuscles  clustering  together  in  the  interspaces 
of  the  network,  and  not  being  uniformly  diffused  through  the  whole  mass. 
Their  specific  gravity  being  greater  than  that  of  the  Fibrin,  they  arc  usually 
most  abundant  at  the  lower  part  of  the  clot,  and  the  upper  surface  is  some-. 
times  nearly  colorless,  especially  when  the  coagulation  has  taken  place 
•lowly;  yet  this  upper  part  is  much  firmer  than  the  lower,  showing  that  the 
fibrin  alone  is  the  consolidating  agent.  If,  afler  the  complete  subsidence  of 
the  Corpuscles,  a  little  of  the  colorless  Liquor  Sanguinis  be  skimmed  off,  it 
will  undergo  complete  coagulation,  forming  a  colorless  clot,  as  was  long  ago 
shown  by  Hews<m.  The  same  fact  may  be  experimentally  demonstrated, 
by  the  use  of  methods  which  effect  an  artificial  separation  of  the  Fibrin 
from  the  Corpuscles.  Thus  Miiller  placed  the  blood  of  a  Frog,  diluted  with 
water  (or  still  better,  with  a  very  thin  syrup),  on  a  paper  filter,  when  the 
Ldquor  Sanguinis,  having  passed  through  completely  unmixed  with  the  cor- 
puscles, presented  a  distinct  coagulum;  although,  from  the  diluted  state  of 
the  fluid,  this  did  not  possess  much  consistency.  Owing  to  the  more  minute 
siie  of  the  Blood-disks  of  warm-blooded  animals,  this  experiment  cannot  be 
so  readily  performed  with  their  blood.  So,  again,  if  fresh-drawn  blood  be 
C(»itinually  stirred  with  a  stick,  the  Fibrin  will  adhere  to  it  in  strings  dur- 
ing its  coagulation ;  and  the  Red  corpuscles  will  be  left  susjyended  in  the 
serum,  without  the  slightest  tendency  to  coagulate.  Moreover,  if  a  solution 
of  any  salt  that  has  the  property  of  retarding  the  coagulation  (such  as  car- 
bonate of  potash  or  sulphate  of  soda)  be  added  to  the  mood,  the  Corpuscles 
will  have  time  to  sink  to  the  lower  stratum  of  the  fluid  l)eforc  the  clot  is 
formed;  the  greater  part  of  the  craswimentum  is  then  entirely  colorla*<8,  and 
is  found  by  the  microscope  to  contain  few  or  no  red  particles.  A  curious 
observation  has  been  made  by  Bernard,  showing  that,  even  during  life,  the 
Blood-cells  gravitate  to  the  lowest  part  of  the  fluid.  Thus  in  a  Horse,  laid 
out  on  the  ground  in  such  a  position  that  its  long  jugular  vein  was  nearly 
horizontal,  a  small  o]x;ning  made  in  the  upper  surface  allowed  the  escape 
only  of  yellowish  serous  fluid  without  red  corpuscles,  whilst  from  a  similar 
small  opening  made  at  the  lowest  surface  of  the  vein  some  very  black  blood 
issued.  Both  portions  coagulated;  the  first,  of  course,  giving  a  colorless 
clot;  the  second,  as  usual,  a  dark  clot,  with  a  well-marked  bufiy  coat.'  It 
will  be  presently  shown,  however,  that  the  difference  of  specific  gravity  is 
by  DO  means  the  only  cause  of  the  separation  of  the  Corpuscles  from  the 
I^iquor  Sanguinis.  Generally  speaking,  the  fibrillation  is  more  perfect  the 
more  slowly  it  takes  place;  and  the  higher  the  previous  vital izatiou  of  the 

■  It  IB  remarkHble  that  this  doctrine,  clearly  established  by  the  older  Physiolopstij, 
and  especially  by  Hew^on,  should  ever  have  boon  put  aside,  even  temporarily,  for 
the  untenable  hypothegift  that  the  coa£:ulation  of  the  blood  is  due  to  a  running  togi»ther 
of  iU  red  corpuscle*. — For  an  admirable  summary  of  the  hi:»tory  of  opinion  on  this 
lubject,  see  M.  Gulliver's  Introduction  to  his  Edition  of  Hcwson's  works  (published 
by  the  Sydenham  8ociety). 

*  Rernard,  Le^onj,  1859,  p.  482. 
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rfibriti,  th€  longer  is  H  before  if  cliatiges  \t3  state,  Tbus  the  coagulntinti  <il 
itlieiiic  iuflainnmtory  b!o^H^  whitHi  products  a  clot,  of  remarkflblt?  firmn^Si, 
h  much  loDger  in  lakit^fr  place  thati  tbe  coagulation  of  ordiniiry  bbwul; 
whilst  the  eoagulatiou  of  the  bborl  of  cachectic  gubjecti^,  which  titk<^  pbi'e 
x^ery  rapiiih%  h  feeble  and  imperfect.  The  plas^tic  effusiom  fKuir^d  out  fwm 
the  blood  iu  these  two  opposite  conditions,  partake  of  the  charuct^r  of  tli«f 
blood  itself;  those  of  the  Infiammatory  blood  of  a  previon^ily  beallby  s^uh- 
ject  being:  converted  into  fibrous  membranes  of  considerable  tirmuojiji,  which 
arc  sii bserjn en tly  penetrated  by  bloodvessels,  and  become  regularly  nr^niicd 
tii^sue^;  whilst  those  proceeding  from  the  bh>od  of  cachectic  subjeit-s  iv^ 
quently  undergo  a  certain  degree  of  organization  with  greni  raf>itlity,  bat 
do  not  go  on  to  the  same  perfection,  and  sjieedily  degenerate.' 

207,  InMance^  occasionally  pr^ent  themselves,  in  which  the  blood  doe* 
n  ot  coft  g  n  1  a  to  a  fk  e  r  d  ea  t  h ,  o  r  eoagu  1  ates  ve  ry  i  in  pe  rfect  ly,  1 1  wa  p  a  ffi  rmed 
by  Hunler'  tliat  no  coagulation  occurs  in  the  blood  of  animals  hunted  to 
d  ea  I  h ,  o  r  o  f  il  i  ose  k  1 11  ed  by  1  i  gh  t  a  i  n  g,  by  elect  ri  e  sIkjc  k  p  ,  or  by  blows  u  f hj« 
the  epiga!?trium:  and  this  statement  has  been  generally  received  ujM>n  Irii 
anthorily*  It  is  far,  however,  from  being  eoni^itantly  true*  ibr  Mr*  Gulliver 
has  made  obiervatronj*,  and  coUeeted  numerous  cai^ei  in  which  coagultttion 
wai?  Ibund  to  have  taken  place  iu  the  blood  of  animab  killed  In  t-acb  of 
these  modes;  in  some  of  them,  however,  the  coagulation  was  very  inij>t?rfecL* 
It  m  not  improbable  that  somenf  the  instances  of  apparent  abstnti'  of  coaga- 
lation  were  really  caee.*  of  retarded  coagidation  (§  208);  and  Dr.  Pol  it  go«f 
so  far  as  to  maintain^  that  the  complete  ab^uce  of  eoagulatiug  jiower  ii»  & 
phenomenon  which  ban  no  real  existence.  He  states  that  he  has  never  met 
with  an  in&tan<:*e  in  which  the  blood,  when  left  to  itself,  and  duly  prf>liK!fed 
from  external  destructive  influences,  did  not  coagubite  before  becimjing  fHi» 
trid ;  and  that  he  has  more  than  once  found  bltmd  to  coagulate,  which  huj 
been  taken  in  u  fluid  state  from  the  vessels  thirty-six  or  forty-eight  hours  aAer 
death/  Still  there  seems  no  reasiiuable  doubt  that  non-coagulatifm  mt 
occur,  when  the  blood  has  been  previously  subjected  to  conditions  whit 
affects  it^  vitality,  fesuch  ap|K*ar8  to  be  the  case,  for  example,  when  dcnthi 
occurs  from  Asphyxia,  as  by  hanging,  drowning,  or  breatning  of  irn^pir*] 
able  gases  i*^  and  the  same  has  been  observetl  in  ca,^e3  of  poisoning  by  hrdr 
cyanic  acid,  in  which  asphyxia  was  probably  tlie  immediate  cause  of  dcatl 
In  certain  diseased  states,  again,  we  have  seen  that  the  coagulating  powi 
feems  to  be  completely  deficient  (§  200  L 

208.  The  rapidity  of  Coagulation,  and  the  degree  in  which  the  clot  *H>lid 
ifies^  vary  considerably ;  in  general,  they  are  iu  the  inverse  proportion  lu 
©ich  other*  Thus^  if  a  large  quantity  of  blood  be  withdrawn  trorn  th« 
ves44el&  of  an  aruuial  at  the  same   time,  or  within   i<hort  intervals,  the  noi^ 

jtiou!^  that  last  How  coagnhite  much  more  rapidly,  as  ortgiuaUy  prtiveo  b 
'Hewson,  but  much  les;*  iirmly,  than  those  first  obtained^     In  blixxl  dt^w 
during  Inihimmutory  stiites,  again,  the  coagulation  is  usually  &low,  but  ih 
dot  is  preteruatu rally  firm  ;  es|>ecially  at  its  upper  part,  where  the  Bulfi 
coat  (§199)  or  eohjriess  stratum  of  fibrin  gmdnally  coDtmtns^  and  protlocet 


*  S©e  eipecinily  Mr.  Dulrviiij>i«s*s  Memoirs,  On  the  liiipid  Orgitnisiiition  af  Lyiaflt] 
In  Uactiexift,  in  tho  Hid  *Chir^  Trnn^.^  vul  xxV\\  ;  «nd  Ua  tbu  EHrly  Ori^nnimtluii  j 
of  Coh^uIh  and  Mixed  Fibrinous  Etlutiuns  under  certiiin  Condi tioaa  af  tti<»  By^tem, «|ii 
eit,,  vol,  xxvji. 

*  The  Work*  of  Jolin  Hunter,  iKihcd  by  Jume?  F.  Pidmer»  vol   iii,  pp.  M,  111, 

^  See  Edinb.  &lcd,  and  t^urg.  Juurn,,  Uot.  IMHi  pp,  di}?,  il@|  and  bi^  Editiun  ot  \ 
H(sw5-Qn'i  Work*,  pp.  20,  2L 

*  Annnh  UiHver^zint  1845^  and  Ennking^a  Ab^trficti  vol  iu  p.  8^7. 
^  See  Dr.  J,  Dj&vy'^  Plty&mlagleHl  iLiid  Anntoniieal  R^iearehoi,  vgl,  li^  p.  l^t. 
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the  "  cup,"  which  may  be  generally  considered  to  indicate  a  high  degree  of 
InflamniatioD.  The  physical  changes  to  which  the  blood  is  subjected  when 
drawn  from  the  vessels  are,  that  it  is  brought  to  rest,  that  its  temperature  is 
reduced,  and  that  it  is  expose<l  to  the  action  of  the  air.  It  may  easily  be 
diown,  however,  that  its  coagulation  cannot  be  attributed  to  either  of  these 
conditions.  For  in  the  first  place  if  the  blood  be  continually  agitated  in  a 
bottle,  though  its  coagulation  is  delayed,  it  will  at  last  take  place  in  shreds 
or  insulated  portions ;  that  rest  is  not  the  cause  of  its  coagulation  (as  some 
have  supposed)  is  proved  by  the  fact  that,  if  a  portion  of  blood  be  included 
between  two  ligatures  in  a  living  vessel,  it  will  remain  fluid  for  a  consider- 
able time;^  as  it  also  will  when  effused  into  the  midst  of  living  tissues,  or 
kept  in  a  state  of  stagnation  in  parts  affected  with  inflammation.  Thus 
Mr.  Gulliver,  besides  other  instances,  mentions  a  remarkable  case  witnessed 
by  himself,  in  which  a  collection  of  blood  which  had  been  effused  in  con- 
sequence of  a  bruise  on  the  loins,  was  found  uncoagulated  when  let  out 
twenty-eight  days  afterwards;  it  measured  five  ounces,  was  as  liouid  as 
blood  just  drawn  from  a  vein,  and  showed  the  normal  characters  when  ex- 
amined microscopically;  and  it  coagulated  in  a  cup  in  les.s  than  thirty 
minutes.'  And  Mr.  Paget  mentions  that  he  has  known  the  blood  remain 
fluid  in  the  vessels  of  an  inflamed  part,  though  in  a  state  of  complete  stag- 
nation, for  as  long  as  three  days.' — Again,  so  far  from  coagulation  being 
promoted  by  cold,  it  can  be  shown  to  be  accelerated  by  moderate  warmth, 
the  natural  heat  of  the  body  from  which  the  blood  is  taken  appearing  to  be 
most  favorable  to  it ;  but  the  coagulating  power  appears  to  be  destroyed  by 
a  temperature  of  about  150^,  bhxMl  heated  to  that  point  remaining  perma- 
nently fluid.^  On  the  other  hand,  the  coagulation  is  retarded  by  cold  ;  but 
the  coagulating  power  is  not  destroyed  even  by  extreme  cold  ;  for  if  blood 
be  frozen  immediately  that  it  is  drawn,  it  will  coagulate  on  being  thawed. — 
Lastly,  although  coagulation  is  accelerated  by  exposure  to  air,  it  is  not  pre- 
veoted  by  complete  exclusion  from  it,  as  is  proved  by  its  tiiking  place  in  a 
vacuum,  or  in  a  shut  sac  within  the  dead  body:  complete  exclusion  from 
the  air,  however,  does  retard  the  change ;  as  may  be  easily  shown  by  caus- 
ing blood  to  flow  into  a  vessel  containing  oil,  which  will  form  an  impervious 
coating  on  its  surface,  and  will  occasion  the  coagulation  to  take  ])lace  so 
slowly,  that  the  red  particles  have  time  to  subside,  and  the  upj)er  stratum 
of  the  clot  to  be  colorless.' — The  effect  of  the  addition  of  strong  solutions 
of  neutral  salts  to  fresh  blood,  is  usually  to  retard,  and  sometimes  even  to 
prevent,  its  coagulation;  and  the  same  effect  is  produced  by  many  vegetable 
substances,  particularly  those  of  the  narcotic  and  sedative  class,  such  as 
opium,  belladonna,  aconite,  hyoscyamus,  digitalis,  and  tea  or  coffee  in  strong 
infusion.'    The  action  of  most  of  those  substances,  however,  which  preserve 

>  The  tevtimony  of  all  experimenters  is  in  accordance  on  this  point,  althoiis^h  Ihoy 
differ  ms  to  the  length  of  time  that  elapses  before  coagulation  commences.  Mr.  Gul- 
liver ftates  that  out  of  mnny  triaU  made  by  him,  the  coagulation  commenced  within 
two  hours  in  only  a  few  instance^* ;  more  commonly,  three,  four,  or  live  hours  elapsed 
before  any  clot  was  formed  ;  and  in  one  instance,  the  coagulation  was  incomplete  at 
the  end  of  twenty-four  hours.  In  all  these  experiments,  the  blood  coagulated  in  the 
course  of  a  few  minutes,  when  withdrawn  from  the  living  vessels. — See  Mr.  Gul- 
iiver't  edition  of  Hewson's  Works,  p.  23. 

•  Op.  cit.,  p.  17.  *  Lectures  on  Surgical  Pathology,  vol.  i,  p.  310. 

•  Gulliver,  op.  cit.,  pp.  4,  6. 

•  Dr.  Babtnq^ton  in  Medico-Chirurgical  Transactions,  vol.  xvi. 

•  See  Dr.  J.  Davy's  Anatomical  and  Physiological  Researches,  vol.  ii,  pp.  101, 
102;  and  Mr.  Prater's  Experimental  Inquiries  in  Chemical  Physiology,  pp.  69,  03, 
etc.  A  copious  table  of  ttio  results  of  their  experiments  is  given  in  Mr.  Ancell's 
LectQff*  on  the  Physiology  and  Pathology  of  the  Blood,  in  the  Lancet  for  Dec. 
2Ut,  1839. 
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the  fluidity  of  the  bloody  only  continue  dviriug  such  nine  m^  their 
taio  a  certain  strength  ■  for  if  thej  be  diluted  eoagulation  will  tbej 
althougb  in  most  coses  less  perfectly  thiiti  It  would  have  doue  at  lir^i,    TtiM« 
appeal^  to  lie  oo  limit  to  tbe  time  during  which  the  co&gulatioii  nmybel 
postponed;  thus  Jlr.  Gulliver'  mentions  that  he  ha»  kept  horste's  Ulood  f 
with  nitre  for  fiilty-j^veu  weeks,  and  that  it  stil!  reiidily  eoagnlatetl  wbe 
luted  with  water,'     It  is  not^o  difficnlt,  therefore,  as  it  might  other%rlse  geemal 
to  give  credit  to  the  statement  of  Dr,  Polli^  that,  iu  a  **ji^  wUnr^^gied  byJ 
himself^  complete  coagulation  of  the  blood  did  not  take  pkfe  until  tiHe 
days  after  it  had  been  withdrawn  from  the  body;  and  that  fifiaen  ilay*^ 
more  elapj^efl  before  putrefaction  commenced  iu  it.     The  upper  t'oyr-^fUis 
of  the  elat  were  colorle^i*.^,  the  red  corpu^les  occupying  only  the  h»vir€»t  fiAb, 
It  is  additionally  remarkable  that  the  patient  (who  was  Buftering  uodtf 
acute  pneumonia)  being  bled  very  frequently  during  the  succeeding  week» 
tlie  blood  gradually  lost  m  indisposition  to  coagulate,'     Neither  bcat^  aoh 
monia,  uor  carbonic  acid  appear  to  be  evolved,  Bji  mm  formerly  juppoiod, 
during  conguktion. 

209.  The  vital  conditiou  of  the  walb  of  the  blood ves^It?  appears  to  ha¥* 
an  important  inilueuce  upou  the  fluidity  of  the  Bloijd.  Thu^  it  has  been 
found  by  Sir  A.  Cooper  and  Mr.  Thackrah,  and  the  mme  {>oiDt  bas  hem 
strongly  iBsisted  upon  by  Briicke/  that  whilst  blood  inclo^ecl  io  a  UHmg 
vein  may  retain  its  fluidity  for  some  time  (§  208),  blood  f^imilarly  iDcloeedtn 
a  dead  veiu,  the  atmosphere  being  completely  excluded,  will  con gii laic  in  a 
quarter  of  au  hour.  Moreover^  inflammation  of  the  walls  of  the  bloodves- 
sel (which  is  a  condition  of  de^yreMed  vitality,  chap,  x)  promotes  the  coig- 
ulation  of  the  bliM>d  which  they  contain,  and  thu5  it  is*  that  the  trunks  bolh 
of  arteries  and  veins  frequent  ly  become  choked  up  by  cimgtila.  And ,  alihougli 
thci*e  eau  be  do  doubt  that  a  large  proportion  of  the  loose  fibrinous  msknam 
found  iu  the  he^irt  and  large  vessels  after  death,  are  the  result  of  po?it*mor^ 
tern  coagulation,  yet  there  is  often  adequate  evidence,  derived  from  the  gytuc 
totiis  previously  observed,  and  from  the  appearances  presented  by  the  iviaguL 
themselves,  that  the  eoagulatiou  has  commenced  during  life ;  and  iu  all  cai»di1 
of  this  kind  there  has  been  a  marked  de  predion  of  vital  power  for  some  It  me 
previous  to  the  final  extinction  of  life.  Again,  it  was  found  by  Schrued^ 
Van  der  Kolk,^  that  if  tbe  substance  of  the  braiu  and  &piual  mmmm  be 
broken  down,  coagulation  of  the  blt)od  takes  pla*^  whilst  it  Is  ^illl  manag 
within  the  vessels;  clots  being  found  in  them,  even  within  a  fthsi  mtutiletf 
after  the  operation.  Further,  that  the  contact  of  a  dead  §ubiitauee  promoies 
coagulation,'  even  in  the  living  and  actively  moving  blood,  h  shown  by  (lie 
experiments  of  Mr,  Bimou,  who  carried  a  dagle  thread  t^by  means  of  a  vifiy  J 


*  Mr.  G i» J Uver  conoid er&  tliia  fact,  together  with  the  occurrenc*^  of  *  n  nn 
th^  thMAvini^  qT  blood  whicli  hns  hi^f'n  frozen  whiUt  yitl  0vji<l^  m  rone  >in4t 
th(>  vital  ch II meter  of  the  Act ;  remnrking  that  if  wo  believt*  tbf*  *-••■ 

faflifcl  of  life^  w©  must  tidmit  thut  we  cftn  freeze  and  pickle  the  ! 
Ko  such  tidmb^ion,  however,  Is  nwe&enry.     Wu  do  not  freexe  m 
but  we  eirriply  prosorve  ihe  viUl  projiprtW  of  the  luMnneij  b\ 
undergoing  §poritflneouj4  chunirtj;   tbua  doinif  the  snioe  for  the  bl 
for  eei'da,  eijgs,  nnd  even  h\tih\y-orgtin\z(.^  bodk»&»  whtch  mny  \m  k*?pt  in  a  tUW  uf 
*'  dormtint  vitnlity  *'  for  unlimit''d  purio^lR,  by  ^ociUnj;?  or  drritig  thefa,  or  bjr  swiuiUnf 
them  from  tho  atmoaphero,     [Bee  Prlno,  of  GeUf  Fhyiioh) 
'  Up.  eit.,  p.  12. 

*  Gn^Pttfl  Medico  di  Milnno,  G?nn.  20, 1844  j  cited  in  Mr.  Paget**  Eepori  in  Brit 
ancl  For.  Med.  lie  v.,  vol.  ilx,  p.  262,  | 

*  Vorle^um^on,  1874*  ^.  81  ot  5«^q. 

*  Com  men t*  de  Sanguinis  Coftgulatione,  Groninf^en,  1820. 

*  For  varmuA  proofi  of  which  see  LUter,  Crooniaii  Lecture  on  tli«  Coagulfttlon  of 
tbe  Hloodf  in  L(iuc«t  for  1833)  voK  ii^  p.  179. 
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fine  needle)  transversely  through  an  adjacent  artery  and  vein  of  a  dog,  and 
left  it  there,  so  that  it  might  cut  the  stream,  for  a  period  of  from  twelve  to 
twenty-four  hours;  the  consequence  of  which  was,  that  a  coagulum  was  formed 
upon  the  thread  more  or  less  completely  obstructing  the  vessel.  There  was, 
however,  a  marked  difference  in  the  coagula  formed  within  the  artery  and 
the  vein  respectively,  which  may  be  attributed  to  the  difference  in  the  quality 
of  the  fibrin  in  the  blood  of  the  two  vessels,  or  to  the  difference  in  the  rate 
of  its  motion,  or  to  both  causes  conjointly ;  for  the  thread  which  traversed 
the  artery  usually  presented  a  "  vegetation  "  on  its  surface,  sometimes  as 
large  as  a  grain  of  wheat,  always  of  a  pyramidal  shape,  with  its  base  attached 
to  Uie  thread,  and  its  apex  down  stream  ;  whilst  the  venous  coagulum  was 
a  voluminous  black  clot,  chiefiy  collected  on  that  side  of  the  thread  remotest 
from  the  heart.^ 

210.  Again,  the  contact  of  dead  animal  matter  with  the  Blood  appears  to 
promote  the  coagulation  of  its  fibrin  in  a  very  remarkable  degree,  occasion- 
ing coagula  to  fbnn,  whilst  it  is  yet  actively  moving  in  the  vessels  of  the 
living  body.  Thus  M.  Dupuy  found  that  the  injection  of  cerebral  substance 
into  the  veins  of  an  animal  occasioned  its  death  almast  as  instantaneously 
as  if  pnissicacid  had  been  administered ;  the  circulation  being  rapidly  brought 
to  a  stand,  by  the  formation  of  voluminous  clots  in  the  heart  and  large  ves- 
sels. These  experiments  were  repeated  and  confirmed  by  M.  de  Blaiuville.' — 
The  same  efiTect  is  produced  with  still  more  potency,  when  the  substance  in- 
jected is  rather  undergoing  degradation,  than  actually  dead ;  for  it  then  seems 
to  act  somewhat  after  the  manner  of  a  ferment,  producing  a  marked  dimi- 
nution in  the  vitality  of  the  solids  and  fluids  with  which  it  may  be  brought 
in  contact.  Such  is  pre-eminently  the  case  with  piiSf  as  was  long  ago  observed 
by  Hunter,  and  as  Mr.  H.  Lee  has  since  determined  more  precisely.  It  was 
found  by  the  latter,  that  healthy  blood  received  into  a  cup  containing  some 
ofl^nsive  pus  coagulated  in  tuH)  minutes ;  whilst  another  sample  of  the  same 
blood,  received  into  a  clean  vessel  of  similar  size  and  shape,  required  ^^/i^n 
minutes  for  its  complete  coagulation.  When  he  injected  putrid  pus  into  the 
jugular  vein  of  a  living  ass,  coagulation  took  place  so  instantaneously  as  to 
produce  an  immediate  obstruction  to  the  current  of  blood,  so  that  the  vessel 
at  once  acquired  a  cord-like  character ;  and  in  this  mode,  the  pus  was  usually 
prevented  from  finding  its  way  into  the  general  current  of  the  circulation. 
Whilst  it  thus  remains  circumscribed  by  a  coagulum  of  blood,  the  pus  so 
introduced  seems  to  produce  no  other  constitutional  disturbance  than  is  at- 
tributable to  the  local  injury;  but  if  the  circumscription  should  be  incom- 
plete, and  the  pus  should  be  carried  into  the  general  circulation,  it  becomes 
a  source  of  extensive  mischief,  determining  the  formation  of  abscesses  in 
various  parts,  and  producing  a  most  depressing  influence  on  the  system  at 

*  Lectures  on  General  Prttholofry,  p.  66. — Mr.  Simon  applies  this  fact  to  the  expla- 
Dation  of  the  *•  vegetations  "  which  so  commonly  present  themselves  upon  the  valves 
of  the  heart,  in  cases  of  rheumatic  endocarditis;  maintaining  that  they  arc  simple 
depo»it8  from  the  flbrin  of  the  blood,  which  is  unusually  abundant  in  this  condition. 
This  doctrine  can  only  be  substantiated,  however,  by  a  careful  microscopic  examina- 
tion of  these  substances  ;  and  if  they  should  be  proved  to  have  the  simple  constitution 
which  31  r.  Simon  imputes  to  them,  the  fact  will  in  no  degree  set  aside  (as  he  seems 
to  consider  it  must  ao)  the  existence  of  endocardial  inflammation,  but  will  rather 
confirm  it,  since  the  deposition  of  fibrin  on  those  particular  spots  is  likely  to  be  spe- 
cially determined  by  inflammation  of  the  subjhcent  membrane. 

*  G&zette  Modicale,  1834,  p.  621. — There  is  no  rea<»on  to  suppose  that  cerebral  sub- 
stance possesses  a  more  special  influence  than  would  bo  exerted  by  any  other  tissue 
which  could  be  as  easily  mixed  up  with  the  circulating  current.  The  presence  of  a 
piece  of  flesh  or  of  the  clot  of  blood,  as  Prof.  Buchanan  has  shown,  often  sufiices  to 
determine  the  coagulation  of  fibrin  in  a  solution  from  which  it  would  not  otherwise 
have  separated. 
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I n  rge, *  Tli e  effect  of  ce rtn i d  ao t ni al  poi eon s  of  a  st  1 1 1  fii ore  poten t  n atti t«,  wb^ 
iDtrodueed  into  the  current  of  the  circulation  (aa  by  the  bite  fit"  veuf^mmii 
serpetils),  ap[>ears  lo  be,  like  that  of  a  high  temperature,  the  ti'  ne^ 

timi  of  the  ey adulating  power  of  the  blood;  poesibly,  as  Dr,  ILt,.  .  .  h» 
euggegteci,  by  the  rapid  development  of  corpuscles  of  germioal  niattin^  lit 
the  expose  of  the  oxygen  contained  in  it,  as  well  as  of  the  ¥it»l  eodow- 
mentis  of  the  tissues  generally, 

211,  The  proportions  of  Serum  and  Clot  wbich  present  tbem^elires  aAcr 
coagulation,  are  liable  to  great  variation,  independently  of  the  amntiiit  of 
the  fteveral  ingredietita  characterlMicof  each;  for  the  crassamep-  v  m* 
eludes  not  oniy  the  fibrin  and  red  corpuscles,  but  also  a  large  )  n  of 
the  mmm,  entangled  (m  it  were)  in  its  i^ubstance.  This  ie  partituj  ^  ^ 
cage  when  the  coagulation  is  rapid;  and  the  clot  then  expels  little  rn  i 

it  by  subsequent  contraction.  On  the  other  hand,  if  the  coagulri 
the  particles  of  fibrin  usually  seem  lo  become  more  completelv  ;^^ 
the  coagulum  is  denser  at  first,  and  its  density  is  greatly  Increaj^d  by  sniK 
se4]uent  contraction.  When  a  firm  fresh  clot  is  remtn't'd  from  the  tluid  tn 
which  it  is  immersed,  its  contraction  is  found  to  go  on  increasing  for  24  or 
even  48  bonn?,  serum  being  squeezed  out  in  drops  upon  its  surface;  and  in 
order,  therefore,  to  form  a  correct  estimate  of  the  relative  pn^porlions  wf 
Crassamentum  and  Serum,  the  former  should  be  cut  into  slices,  and  laid 
ufM>n  bibulous  |mper,  that  the  latter  may  escape  from  it  as  freely  and  com- 
pletely aa  possible.  According  to  the  experiments  of  Mr  Tbacknih,*  cttagii* 
latiou  takes  place  sooner  in  metallic  vesfsels  than  in  those  of  glass  or  cArthen- 
wure,  and  the  quantity  of  serum  separated  h  much  less;  in  one  i  the 

proportion  of  serum  to  clot  was  as  10  to  24},  when  the  blcxwl  c  1  in 

a  gtaiis  vessel ;  whilst  a  portion  of  the  same  blood,  coagulating  in  a  |k  wter 
ve&sel^  gave  only  10  of  serum  to  175  of  clot.  The  specific  gravity  of  Bioo<l 
is  no  measure  of  its  ct)agulating  power;  for  a  high  specific  gravity  mny  Iw* 
due  to  an  excess  in  the  amount  of  corpuscles,  which  form  the  hejivic^t  part 
of  the  bloiMi ;  and  may  be  accompanied  by  a  diminution  in  the  quantity  of 
fibrin,  which  is  the  coagulating  element 

212.  The  surface  of  the  Crassamentum  not  unfrequently  exhibitii,  in  cer- 
tain disordered  conditions  of  the  blood,  a  layer  that  is  neiirly  free  from  cobr; 
and  this  is  known  as  the  Buffjf  Coat  Its  prasenee  has  been  frequently  re- 
gardeil  as  a  sign  of  the  existence  of  Infiammation,  indicating  an  nudtie  pre- 
dominance of  fibrin  ;  but  this  idea  is  far  from  being  correct,  sinct*,  a«  ofcu« 
in  chlorosis,  it  may  result  from  an  opposite  condition  of  the  blcwMt.  Its  <K^• 
currence  in  the  human  subject,  excepting  in  the  female  during  the  latt<*r 
stages  of  utero-gesiatiou,  is  certainly  pathological;  hut  in  some  animals,  ju 
in  the  horse,  the  blood- clot  is  ordinarily  bufiy;  Conclusive  evidence  thut 
the  formation  of  the  huffy  coat  is  due  to  the  clumping  together,  and  con^K** 
quent  more  rapid  sinking  of  the  red  eorpuseles,  is  aflbrded  by  the  facts  that 
lU  appearance  is  hindered  by  artilicially  separating  the  corpuscles,  whilst  it 
18  hastened  or  increased  a^  their  aggregation  increases.  Thus^  as  shown  in 
Gulliver's  exix-rimenta,  dilute  solutions  of  neutral  alkaline  saltjs  prevent  th« 
running  together  of  the  corpuscles  and  retanl  the  formation  of  the  bulfv 
coat.  On  the  contrary,  certain  viscid  matters  facilitate  the  clumping  of  th*- 
corpuscles,  and  cotucideutly  the  quickness  of  formation  and  quantity  of  lh« 
buffy  coat.     But  the  most  curious  and  decisive  proof  is  the  discovery  by  Gnh 

I  See  Mk  H.  Le«'s  excellent  Treatise  Oa  the  Origin  of  loiamtziftiickQ  of  ttMYcliii, 

nnd  on  Farulent  Deposit*. 

'  Un  the  Condition  of  the  Blood  after  Deith  by  BQflkobfte,     Melbourtii,  I8«IT. 

*  Inquiry  into  the  Nature  md  Properties  of  the  Blood,  2d  edit.,  p.  06, 
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liver  that  in  fluid  blood  the  siDking  of  the  red  corpuscles  increases  in  a  kind 
of  arithmetical  ratio,  being  slowest  when  they  first  begin  to  collect  into 
clumps,  and  fastest  at  the  very  time  when  these  clumps  are  most  fully  formed ; 
80  that  the  corpuscles  would,  in  some  instances,  take  two  and  a  half  minutes 
at  first  to  sink  through  one-eighth  of  an  inch  of  the  liquor  sanguinis,  but 
only  two  and  a  half  minutes  more  to  sink  through  a  further  three-eighths  of 
an  inch.  It  is  remarkable,  as  Gulliver^  notices,  that  Hunter  was  well  ac- 
quainted with  the  clumps  of  the  red  corpuscles  in  inflammatory  blood. 

213.  The  actual  cause  of  the  separation  and  coagulation  of  the  fibrin  is 
still  exceedingly  obsure.  Dr.  Buchanan^  long  ago  remarked  that  fibrin 
might  apparently  be  formed,  or  at  least  that  coagulation  could  be  induced, 
by  mixing  two  serous  fluids  like  those  of  Hydrocele  and  Ascites,  or  of  As- 
cites and  Pleurisy,  neither  of  which  had,  separately,  any  tendency  to  coagu- 
late; and  that  coagulation  was  equally  caused  by  putting  into  the  serum 
portions  of  blood,  clot,  or  of  fibrin,  either  fresh  or  powdered,  muscular  fibre, 
or  other  tissues.  Schmidt,'  in  more  recent  observations,  attempts  to  explain 
the  phenomena  in  question  by  attributing  them  to  the  combination  of  two 
substances  existing  in  the  liquor  sanguinis  under  the  influence  of  a  ferment 
which  is  rapidly  formed  in  the  Blood  after  its  removal  from  the  body.  To 
one  of  these,  which  is  contained  in  considerable  quantity  in  the  blood-cor- 
puscles, he  has  applied  the  name  of  Fibrinoplastic  substance,  Olobxdin  or 
Orfgtallin,  though  it  differs  fn)m  the  crystal  1  in  obtained  from  the  lens  of  the 
eye  in  its  non-precipitability  by  heat  and  alcohol,  and  has  therefore  been 
termed  by  Kiinne  ParaglohuUn,  It  is  precipitated  when  its  alkaline  solu- 
tion is  exactly  neutralized.  To  the  other  substance,  which  is  closely  allied 
to  ordinary  albumen,  and  is  chiefly,  if  not  exclusively  contained  in  the 
plasma,  he  has  given  the  name  of  Fihrinogenic  substance  or  Fibrinogen. 
This  differs  from  the  Fibrinoplastic  substance  in  the  circumstance  that  its 
alkaline  solution  must  be  rendered  acid  with  acetic  acid  before  precipitation 
occurs.  Both  compounds  are  precipitated  from  dilute  solutions  by  carbonic 
acid,  the  latter  with  somewhat  greater  difliculty  than  the  former.  Both 
Schmidt  and  Hoppe-Seyler  have  been  successful  in  producing  a  coagulum 
diflering  in  no  respect  from  ordinary  fibrin,  by  the  admixture  of  thes^e  two 
substanceii  in  a  condition  as  pure  as  it  was  pos^isible  to  obtain  them.  A  small 
quantity  of  Paraglobulin  is  capable  of  eff'eeting  the  coagulation  of  a  rela- 
tively large  quantity  of  Fibrinogen.  Schmidt  appears  to  think  that  both  of 
thes^e  substances  are  weakly  acid»  and  are  combined  with  a  certain  propor- 
tion of  base,  and  that  when  brought  into  contact  with  one  another  under  the 
influence  of  the  ferment  and  also  of  oxygen,  they  unite,  displacing  a  part  of 
the  base,  which  explains  the  increased  alkalinity  of  the  fluid  in  which  the 

'  Seo  Lectures,  Med.  Times  and  Gaz.,  1803,  Oct.  17;  llewson's  works. 

•  Proceed! niars  ofGlaPii^ow  Phil.  Society,  1845. 

»  Mailer's  Archiv,  1862,  p  543,  and  Pfliiffer'a  Archiv,  B.  vi,  1872,  p  413.  See 
aUo  MiiiitegNZJca,  Annali  Univeri>ali  di  Medicine,  t.  ccxvi,  April,  1871.  In  opposi- 
tion to  hK.*hinidt,  see  Eichwuld,  Boitriicje  zur  Cheniie  dcr  gewebe-bild«*nden  Siibstan- 
zen  und  ihren  Abkommlinge,  1873.  Eichwald  rejjard!*  th(i  Fibrin  as  being  normally 
difK»1r(Hl  in  the  plasma,  but  undergoing  precipitation  wh»'n  exposed  to  the  action  of 
tiM  carbonic  acid  of  the  air.  Denis  divides  the  Albuminous  compounds  of  the  blood 
into  Serine  (amounting  to  62  parts  per  1000  of  blood),  which  is  coagulable  by  heat 
andacids;  and  Plnamine  (25  per  1000),  which  is  precipitated  by  NaCl,  but  redis- 
solves  in  from  10-20  parts  of  water.  The  plas^mine  is  capable  of  breaking  up  sponta- 
neously into  concrete  fibrin  (3-4  per  1000)  and  soluble  tibrin  (22  per  lOUO),  the  pro- 
portions of  which  hear  an  inverse  ratio  to  each  other.  Hence,  as  See  maintains,  it  is 
never  a  quwtion  in  disease  of  excess  or  defect  of  fibrin,  but  simply  of  the  relative 
proportions  of  the  concrete  and  soluble  fibrin.  See  Kiiss,  Physiologic,  1873,  p.  158, 
and  Budge's  Compendium  de  Physiologic,  1874,  p.  260. 
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Goagulatiou  has  occurrerL  Mr.  Goodman*  has  pointeii  out  that  ov-alkiiaes 
sus[>eDdod  in  cold  and  pure  water  for  sorae  time  loses  the  characters  of  at  bo* 
mtn,  and  assumes  the  nature,  appearance,  and  constitution  of  Fibrin;  and 
he  accounts  for  the  formation  of  the  Fibrin  in  Blood  in  this  way.  Sni«e,' 
admitting  that  the  changes  described  by  Goodman  occur^  attribnt^se  it  to  the 
removal  of  the  ^Its  of  the  albumen  hy  dialysis,  and  maintains  that  the  {Co- 
agulation of  blood  is  a  physical  act^  depending  on  the  same  laws  which  cavie 
all  soluble  colloid  substances  to  pass  from  a  pepfom  or  soluble  suitt  to  i 
peetormm  or  insoluble  state.  Browu-S^uard*  has  made  the  eunoua  ohaeirt-' 
tion,  that  on  injecting  defibrinated  blood  into  the  separated  limbs  of  aultnali, 
fibrin  is  formed,  especially  if  the  muscles  are  tetauized;  which  tend§  to  ciicMi 
t,  as  some  hold,  fibrin  is  the  result  of  the  disintegration  of  the  albuiDt»oii 

enes — a  view  that  is  further  supported  by  its  excess  in  all  inflamfiiatlMT 
and  tebrile  diseases.  Sim i Ear  results  have  been  obtained!  by  Beruanl/  It 
is  remarkable  that  Splenic  Venous  Blood,  when  defibrinatt^d,  will,  oti  ex- 
pjsure  to  the  air,  ibrm  a  second  coagulum.  The  blood  returning  from  tlir 
kidneys  and  liver  has  little  or  no  tendency  to  coagulate :  hence,  Uruwa- 
i^quarti  has  argued  thai  fibrin  is  destroyed  in  the^ie  organs,  and,  irom  •  ] 
caJculatiotJ  based  on  the  quantity  of  blood  transmitted  thmugh  the  r^iml 
arteriejip  estimates  the  total  quantity  of  fibrin  decomposed  by  the  kido^vi 
alone  at  from  8  to  10  lbs.  per  diem, 

214.  Of  the  particular  purjioses  which  are  served  by  the  fibrin  of  the  blood 
in  the  vital  economy  of  the  system  at  large,  it  must  be  confessed  t  !    : 
but  little  positive  knowledge.     But  putting  aside  its  pr*ssumtHl  ii 
majntairiing  that  physical  condition  of  the  bloml  which  h  most  Jiivuntbk  in 
m  tietj  movt^ment  through  the  vessels,  and  to  its  due  retention  within  their 
wall?  ( §  205),  we  find  that  it  k  entirely  on  the  coagulating  j  the 

hU)fid  that  the  cessation  of  htemorrhage  from  even  the  most  tri  i  mst 

is  dependent;  that  the  limitatioD  of  purulent  effusions  by  the  rltjo 

of  die  surrounding  tissue,  and  the  safe  sepanvtion  of  gaugrenuu  ^ 
only  take  place  in  virtue  of  the  same  property;  and  that  the  adhesion  ol^  in- 
cised wounds,  still  more  the  filling  up  of  breaches  of  substance,  rvqnifi^j 
tlieir  first  condition,  that  either  the  blood,  or  matter  eluded  from  it  i^hotshl 
be  able  to  assume  the  state  of  fibrous  ti^ue.  On  the  other  band,  we  :?*^  the 
consequence  of  exeem  of  the  pro[>ortion  of  fibrin,  and  of  that  increased  plw- 
ticity  (or  tendency  to  fibrillate)  which  usually  accompanies  its  augmcuia* ' 
tion,  in  the  tendency  to  form  those  plastic  efiusions  which  are  charaetrrirtio 
of  the  inflammatory  state,  and  which,  if  poured  out  upon  seron  i^m 

surfaces,  Cfinstitute  **  false  membranes  *^  and  ^'  adhesions,'*  or^  if  in  into 

the  substance  of  liviug  tissues,  occasion  their  consolidation,  TIuj?  iiKit^i^ 
plasticity  of  the  blood,  however,  may  frequently  be  regarded  in  the  light  of 
an  '*eflbrt  of  Nature''  to  antagonize  the  evil  consequences  of  that  depreafe'ioa 
or  positive  detitruction  of  the  vitality  of  the  solid  tissues,  which  seem*  to 
form  an  e^eutial  part  of  the  iuflamniatory  condition;  and  thus  it  is,  thai 
whilst  the  central  part  of  a  mass  of  tissue,  in  which  the  iuflammatian  hu 
been  most  intense,  suffers  complete  death,  and  is  carried  away  in  the  ^up-  j 
purative  pixjcess^  the  peripheral  part,  in  which  the  violence  of  the  infiam- 
m  at  ion  ha?  been  less,  becomes  infiltrated  with  plastic  matter  fM>urt^d  out 
from  the  blood,  and  tbrms  the  solid  and  impermeable  wall  of  the  ab^eesn 
(See  chap,  x,  sect  3.) 

21^3*  Turning  now  to  the  corpuselea  of  the  blood,  we  have  to  inquire 


>  Fibrmj  its  Ofigin  jind  Sources  of  Development     Punipblet,  I§71,  p,  12. 

'  Jpurrml  of  Annt.  und  Phy«loL,  v*»L  vl\^  p|>,  210,  21 H, 

*  Journul  de  la  PhytroL,  torn  i,  p.  299,  1858.  *  Le^om,  lS59p  voL  i,  p.  i«0. 
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their  special  fuDCtions,  and  into  the  nature  of  their  participation  in  the  vital 
operations  of  the  system  at  large.  Here,  also,  we  are  obliged  to  rely  upon 
evidence  of  a  far  less  satisfactoir  nature  than  could  be  desired ;  we  may, 
however,  look  upon  them  as  specially  subservient  to  the  vital  activity  of  the 
Nervo-Muscular  apparatus ;  since  it  is  one  of  the  most  important  conditions 
of  that  activity,  that  these  tissues  shall  be  supplied  with  duly  oxygenated 
blood,  and  that  the  carbonic  acid  which  is  one  of  the  products  of  their  disin- 
tegration, shall  be  conveyed  away.  And  this  view  is  in  complete  harmony 
with  the  fact,  that  the  proportion  of  red  corpuscles  in  the  blood  bears  a, 
close  relation  to  the  amount  of  respiratory  power  (as  shown  in  the  quantity 
of  carbonic  acid  set  free,  and  in  the  amount  of  heat  generated)  in  different 
classes  of  Vertebrata;  both  being  greatest  in  Birds,  nearly  as  great  in  Mam- 
mals, very  low  in  most  Reptiles,  and  varying  considerably  among  fishes.' 
Again,  we  observe  that  among  carnivorous  Mammalia,  the  proportion  of 
red  corpuscles  is  considerably  greater  than  it  is  among  the  Herbivorous 
tribes,  whose  nervo-muscular  energy  is  (upon  the  whole)  so  greatly  inferior; 
aud  it  is  in  the  condition  of  greatest  animal  vigor,  in  the  Human  system, 
that  we  find  their  amount  the  greatest,  whilst  the  reduction  of  that  vigor  by 
chronic  disease  of  any  description,  seems  invariablv  attended  with  a  more 
marked  diminution  in  this  constituent  of  the  blood  tdan  in  any  other.  And 
in  those  Ansemic  states  of  the  system,  in  which  the  proportion  of  red  cor- 
puscles is  reduced  to  an  extremely  low  point  (§  201),  we  invariably  find 
that  the  animal  powers  are  correspondingly  depressed ;  the  capacity  for  sus- 
tained exertion,  either  of  the  mental  faculties,  or  of  the  motor  apparatus, 
being  almost  destroyed,  although  both  the  nervous  and  muscular  systems 
are  very  easily  excited  to  feeble  action. 

216.  The  difficulty  of  precisely  determining  the  functions  of  the  Red  cor- 
puscles, is  even  surpassed  by  that  of  assigning  the  probable  duty  of  the 
Colorless.  The  considerations  already  adduced  appear  to  show,  that  the 
Colorless  corpuscles  are  to  be  considered  as  cells  of  a  lower  grade  than  the 
Red;  sinpe  thev  represent  them  among  Invertebrated  animals,  and  also  in 
the  incipient  blood  of  Vertebrata ;  and  also,  because  cells  resembling  the 
former  (if  not  the  very  same)  pass  on  to  develop  themselves  into  the  latter. 
Btill  we  find  that  this  final  change  does  not  occur  among  the  Invertebrata ; 
and  it  is  obvious,  therefore,  that  even  in  their  colorless  state,  the  corpuscles 
have  a  function  to  discharge  in  the  vital  ecouomy.  The  observations  of  Mr. 
Kewport  seem  to  indicate,  that  the  corpuscles  of  the  blood  of  Insects  (some 
of  them  in  the  condition  of  "granule-cells,"  others  in  that  of  "nucleated 
colorless  cells"),  play  an  important  part  in  the  elaboration  of  nutrient 
material.  For  he  found  that  the  "  oat-shaped  "  corpuscles  (the  "  granule- 
celk"  of  Mr.  Wharton  Jones)  in  the  Larva,  are  most  numerous  at  the  period 
immediately  preceding  each  change  of  skin  ;  at  which  time  the  blood  is  ex- 
tremely coagulable,  and  evidently  possesses  the  greatest  formative  power; 
whilst  the  smallest  number  are  met  with  soon  after  the  change  of  skin, 

1  Among  Invertebrated  animu1t«,  as  a  general  rule,  the  dogrco  of  nervo-niusculnr 
energy  that  can  be  put  forth,  the  quantity  of  carbonic  acid  produced  in  respiration, 
and  the  amount  of  heat  generated  in  the  body,  are  alike  at  a  low  standard  ;  and  the 
fluid  constituents  of  the  blood, with  the  colorless  corpuscles  that  float  in  it,  would  hoem 
to  convey  oxygen  to  the  tissues,  and  carbonic  acid  to  the  respiratory  organ!*,  with 
fufficicnt  facility.  In  insects,  however,  the  case  is  different;  the  nervo-inuscular 
activity,  capacity  of  respiration,  and  heat-producing  power  being  all  extraordinarily 
hi^h  *The  want  of  red  corpuscles  would  here  seem  to  be  compensated,  so  far  as  the 
respiratory  process  is  concerned,  by  the  introduction  of  air,  through  the  tracheal 
appftratus,  into  the  tissues  themselves. 
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when  the  ntitriont  matter  of  the  blood  has  been  eicUausLed  in  the  productioB 
of  new  c»i)i dermic  tii?^ue.' 

217.  That  coDditioD  of  the  corpuscular  elemeut:  of  the  blood  which  b  tmrrnul 
in  the  Insect,  must  he  coosidered  as  decidedly  abnormal  in  the  Vert <*bmu*i 
animal,  in  which  the  circulating  fluid  goes  on  to  a  higher  pha^  of  develop* 
meut;  and  the  excess  of  Colorless  corpuscles  in  the  latter  seeing  ahvnvsa  tnht 
associated  (save  in  the  early  part  of  liie)  with  an  imperfect  [>erforma»>ce  rf 
their  nutritive  o^ieratiou:^.    Tlius,  aceordiug  to  the  observations  of  Mr.  pHgt?t,* 

^  they  are  especially  abundant^in  the  blood  of  frogs  that  are  youngs  e^ickly.  i*r 
ill-fcd  ;  and  as  regards  the  human  ^^uhject,  be  confirms  the  statement  of  Mr* 
WhartiKi  Jones  and  Prof  J*  H.  Bennettt  that  the  increai^eiJ  proptrftori  ol 
Cobirless  corpuscles  in  inilamed  blood  is  most  frequent  wheo  tl-  ^^  ot 

the  disease  are  perj^ons  in  weak  health,  or  of  the  tubereuh>u>i  diu  Mr* 

iPaget  has  aUo  furnished  a  remarkable  eontirmation  of  this  vivw,  in  ike 
^  oWrvut ion,  that  the  inflammatory  exudations  produced  in  different  indi- 
vitiuuU,  by  the  application  of  the  same  stimulus  on  the  same  ti^ue  (e.  j^,  hf 
the  action  of  a  bliijter  on  the  skin)  are  found  to  pre^^nt  a  predominance  of 
the  fihritwm  or  t>f  the  cQrpiiseuiar  element,  according  to  the  general  eonditioQ 
of  the  patient. — "The  highest  health  is  marked  by  an  exudation  containing 
the  mo^t  periect  and  unmixed  fibrin  ;  the  lowest  by  the  formation  of  the  aioi<t 
abundant  corpuscles,  and  their  nearest  approach,  even  in  their  early  t^taie^to 
the  characters  of  pua-cells.^^  From  such  evidence  we  seem  forced  in  the  eoiw 
elusion,  that,  whether  or  not  the  Colorless  corpuscles  are  to  be  reganled  ia 
any  other  light  than  as  blotxi-cells  not  yet  fully  developed,  their  muliipUoi- 
lion  is  not  the  source  of  increase  in  the  fibrinons  coQBlittjeGt  of  the  hquor 
sanguinis. 

218.  The  fitness  of  the  B1o€k1  for  circulation  through  the  bodv  h  maitj* 
titined  jiartly  by  the  action  of  the  proper  excretory  appwratus,  ami  partly  Kr 
the  power  which  every  tissue  po^)t^e$se3  of  withdrawing  Irom  the  circulating 
fluid  some  particular  nialenal^  or  combination  of  materials,  which  tx>iiMiiyii^ 
its  own  special  jaibuhtm ;  and  as  the  **  pabuhim ''  of  each  tissue  is  dt^erenl^ 
it  follows  that  the  normal  composition  of  the  blood  can  only  be  prc*crvrrJ, 
without  waste  of  substance,  by  the  existence  of  ^uch  a  balauct^  bet  wren  iht 
appropriative  action  of  the  ficveral  pariw,  as  shall  cause  a  cen»in  ixjuividrtil 
of  bloocl  to  supply,  without  deficiency  or  surphis  the  mate  Hals  wbteh  tlwy* 
collectively  re<|Uire.    Such  a  balance  w,  in  fact,  ordimiHly  pnrscrv<.*fi ;  ami  it* 
maintenance  is  one  of  the  nn^st  marvellous  of  thoseext^mplificatiimsof  l)i^ifo, 
which  the  vital  economy  of  the  body  presents  in  no  less  a  iki  '     i  it^ 
organized  structure;  an  exemplification,  however,  which  hecan  ^itt 
marvellous,  when  it  is  shown  that  not  only  every  kind  of  tis*^UL,  hu;  vyerj 
spot  of  every  organ,  has  its  own  special  "  pabulum  ;*'  drawing  somcthin-z  frua 
the  Wood,  which  is  different  from  that  appropriated  by  every  ^ 
the  body  I  save  the  corresponding  spot  on  the  opposite  side,      l 
seems  fully  established  by  the  researches  of  Dr.  W.  Budd  and  ot  Mr.  l-^ 
on  **  Symmetrical  Diseases,"'  the  phenomena  of  which  are  full  of  intci*t>t»  as 
illustrating  the  ordinary  operations  of  Nutrition.     From  a  geiicrtil  i^msidera- 
tiou  of  these  as  displayed  in  various  rheumatic  and  »yphiHtic  affections*  tbo 
conclusion  seems  unavoidable,  that,  however  closely  one  portion  of  2»kiii  of 
bone  may  seem  to  resemble  another,  the  only  parts  that  are  ear^c//^  alike  ai«^ 
those  which  repeat  each  other  symmeirieally  on  the  opposite  sides  of  the  body;  ■ 
for,  although  no  power  of  artificial  chemistry  may  determine  the  difleft»jiee»  ™ 
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the  chemistry  of  the  living  body  makes  it  evident,  the  morbid  material  testing 
out  the  parts  for  which  it  has  the  greatest  affinity,  uniting  with  these  alone, 
and  passing  by  the  rest.  It  has  been  further  pointed  out  by  Dr.  W.  Budd, 
as  indicate  by  the  phenomena  of  these  diseases,  that  next  to  the  parts 
which  arc  symmetrically  placed,  none  are  so  nearly  identical  in  composition 
as  those  whicli  are  analogous,  such  as  the  corresponding  parts  of  the  superior 
and  inferior  extremities. — All  these  facts  tend  to  demonstrate  the  perfect  and 
most  minute  exactness  of  the  adaptation  which  must  exist  in  the  state  of 
health  between  the  blood  and  all  the  tissues,  as  well  as  the  almost  incon- 
ceivable minuteness  of  the  departure  from  this  adaptation  which  may  become 
a  source  of  disease.  And  hence  we  are  led  to  the  conclusion,  that,  as  Trevi- 
ranus  phrased  it,  "each  single  part  of  the  body,  in  respect  of  its  nutrition, 
stands  to  the  whole  body  in  the  relation  of  an  excreted  substance ;"  or,  in 
other  words,  each  part  of  the  body,  by  taking  from  the  Blood  the  peculiar 
substances  which  it  needs  for  its  own  nutrition,  does  thereby  act  as  an  ex- 
cretory organ,  inasmuch  as  it  removes  from  the  blood  that  which,  if  retained 
in  it,  would  be  injurious  to  the  nutrition  of  the  body  generally.  Thus,  the 
phosphates  which  are  deposited  in  our  bones,  are  as  effectually  excreted  from 
the  blocxl,  and  as  completely  prevented  from  acting  injuriously  on  other 
tidBues,  as  are  those  which  arc  discharged  with  the  urine. — The  api)lications 
of  this  doctrine  have  been  greatly  extended  by  Mr.  Paget,*  who  has  given  the 
following  among  other  examples  of  its  bearing  upon  the  general  relations  be- 
tween the  blood  and  the  tissues.  The  hairy  covering  may  be  considered  to 
serve,  over  and  above  its  local  purposes,  for  the  removal  of  certain  components 
of  the  blood,  which  would  be  injurious  to  its  constitution  if  they  remained  and 
accumulated  in  it ;  and  accordingly  we  do  not  find  that  its  development  is 
delayed,  until  near  the  period  when  its  protection  will  be  required  ;  for  a  com- 
plete coat  (the  lanugo  of  the  human  feet  us)  is  formed  in  the  fwtus  of  mammals 
generally,  whilst  they  are  still  within  the  uterus,  removed  from  all  those  con- 
ditions against  which  hair  is  a  defence ;  and  this  coat  is  shed  very  soon  after 
birth,  being  replaced  by  another  of  wholly  different  color,  the  growth  of  which 
had  begun  within  the  uterus.  The  same  principle  leads  to  the  apprehension 
of  the  true  import  of  the  hair  which  exists  in  a  kind  of  rudimental  state  on 
the  general  surface  of  our  bodies;  and  thence  to  the  real  meaning  of  the  ex- 
istence of  other  organs  which  permanently  remain  in  a  rudiniental  ^tate,  such 
as  the  mammarv  glands  of  the  male.  For,  as  Mr.  Paget  justly  remarks  (loc. 
cit.),  "these  rudimental  organs  certainly  do  not  serve,  in  a  lower  degree,  the 
same  puriK)ses  as  are  served  by  the  homologous  parts  which  are  completely 
developed  in  other  species,  or  in  the  other  sex.  To  say  they  are  ujfeless,  is 
contrary'  to  all  we  know  of  the  absolute  perfection  and  all-i^ervading  pur|)ose3 
of  creation  ;  to  say  they  exist  merely  for  the  sake  of  conformity  to  a  general 
type  of  structure,  is  surely  uuphilosophical,  for  the  law  of  unity  of  organic 
types  is,  in  larger  instances,  not  observed,  except  when  its  observance  con- 
tributes to  the  advantage  of  the  individual.  No :  all  these  rudimental  organs 
must,  as  they  grow,  be  as  excretions,  serving  a  definite  purpose  in  the  economy 
by  removing  their  appropriate  materials  from  the  blood,  thus  leaving  it  fitter 
for  the  nutrition  of  other  parts,  or  adjusting  the  balance  which  might  other- 
wise be  disturbed  by  the  formation  of  some  other  part.  Thus  they  minister 
to  the  self-interest  of  the  individual ;  while,  as  if  for  the  sake  of  wonder,  beauty, 
and  perfect  order,  they  are  conformed  with  the  great  law  of  unity  of  organic 
types,  and  concur  with  the  universal  plan  observed  in  the  construction  of 
organic  beings." 

219.  But  further,  there  are  many  examples  in  which  the  presence  of  a 


*  Lectures  on  Surgical  Pathology,  Loct.  ii. 
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certiim  substance  in  the  Blood,  appears  to  de term ine  the  fijrTiiatitm  of  tbf ' 
pjiitii-alar  tUiiue,  c>f  which  that  snb^tanfe  ts  tlie  nppropriate  pfihulutn.     AndJ 
thus  J  as  the  ahstraeliou  of  the  inaterml  retjiiii'ed  for  each  part  Imvc*  ibo 
hhntd  ill  n  Male  fitted  u>r  the  uutntioii  c>f  other  part^,  it  seerii^  to  follow,  j 
Mr,  Pagfa  hm  farther  renmrke^i,*  that  f^uch  a  mutual  dependence  exirtsl 
among  the  several  part^  and  orgauii  of  the  lio*ly,  «s  causes  the  e%*oltJltoii  of  j 
one  to  t^upply  the  conditions  requ bite  for  the  produniou  of  another;  and 
hence,  that  the  order  in  which  the  several  orgatjs  of  the  body  appcfir  m  tht J 
course  of  development,  while  it  is  conformable  to  the  law  of  imitation  of  th« 
parent,  and  to  the  lawof  progressive  ascent  ti}  wards  the  higher  grade  o? 
Ibeine,  k  yet  the  immediate  ix^^nlt  of  changes  effected  in  the  coudilron  of  th«  j 
blood  by  the  antecedent  opera tioDs.     And  this  view  i.*  eonfiruicd   by  maat  j 
circnmstonces,  which  indicate  that  certain  organs  really  do  stand  in  i^jch  a  I 
mmpit^nfid^jl  relation  to  one  another  as  it  iniplie'?;  a  large  clasi  of  faetj*  of  ] 
thia  order  being  supplied  bv  the  hi.^tory  of  the  evolniion  of  th*^  tjcn-  raUijj 
apparatus,  and  by  that  of  the  concurrent  changes  in  other  orgsi>  i| 

tnc  tegumentary )  which  are  found  to  be  dependent  upon  it,  iiU . 
is  no  direct  fnnctional   relation   between  them.     Thus,  the  growth  of  the 
beard  in  man  at  the  peri  ml  of  puberty,  is  but  a  ty|>e  of  a  nnich  more  im- 
portant change  which  takes  place  in  many  animals  with  e\^ery  reciirr«ace  uf 
ih  e  pe  ri  od  o  f  ge  ne  ra  t  i  ve  ac  t  i  v  i  t  y .     I  f  t  h  e  d  e  v  e  1  op  men  t  of  t  h  c  male  o  rgan  b  be 
]>revented,  the  evolution  of  the  beard  does  not  take  place;  while  the  cessa- 
tion or  the  absence  of  activity  iu  the  female  organs  is  often  attendc*d  hrs 
strong  growth  of  hair  on  the  face,  as  well  as  by  other  changci  thai  may  he 
attributed  to  the  presence  of  some  special  nutritive  material  in  the  bluod*. 
lor  W'hich  there  i^  no  longer  any  other  demand.     This,  again,  ^how*  w 
yet  more  strongly  in  Birds;  among  which  (as  Hunter  long  since  pointed  i 
it  is  no  uncommon  occurrence  for  the  female,  after  ceasing  to  lay,  l»> )     _ 
the  filumiige  of  the  male,  and  even  to  acquire  other  characteristic  porU,  i 
tbe  sspiirs  in  the  iiiwl   tribe.     Moreover,  it  has  been  ascertained   by  th«  ex- 
perimcntg  of  Sir  Philip  Egerton,  that  if  a   buck  be  castrated    whik  hiJ 
antlers  are  growing  and  are  still  covered  with  the  **  velvet;'  their  grr^wlh  m  i 
ehecked^  they  remain  as  if  truncated^  and  irregular  nodules  of  bone  pr»>}ect 
from  their  ^uriiices;  whilst,  if  the  cai^tration  be  |)erforn»ed  wiien  the  anil^rtj 
arc  full  grown^  these  are  shed  nearly  as  usual  at  the  end  of  the  Beaj^tin,  hoi 
in  the  next  sea,^>n  are  only  replaced  by  a  kind  of  low  conical  stumj>s.     That 
these  and  similar  changes  in  the  development  of  organs  are  immediatdy  de- 
termined by  the  condition  of  the  circulating  fluids  that  h,  by  the  pre^^nca  ^ 
or  ab.*ence  of  the  appropriate  "pabulum"  for  the  \mrt^  in  one^ttun,  would 
further  ^eem  likely  from  the  tact,  that  they  rnny  be  artificjally  imiu«i*d  by] 
circumstances  which  directly  affect  the  condition  of  the  blood,     Thii*  has 
been  &^hown  by  Mr.  Yarrell,"*  in  regard  to  the  assumjjtjon  of  the  male  jilum-  j 
age  by  the  female;  and  a  still  more  reuiarkablo  and  sat iw factory  [»r«Jof  ii 
furnished  by  the  conversion  of  the  **  worker"  larva  of  the  Be^  into  a  perfect 
"queen/^  solely  through  a  change  of  diet* 

22IX  Thus,  then,  tlie  precise  condition  of  the  Blood  at  tuiy  "Uie  lime,  w  ^ 
depndent  upon  a  vast  variety  of  antecedent  cirenm stances,  and  can  iwareely 
he  the  same  at  any  two  periods  of  life,  nor,  ind*.^d,  in  any  two  parts  of  lu 
course,  even  in  one  and  the  same  individuah    Yet  wa  finti  that,  taken  ma  , 
whole,  it  ejEhiblts  suelj  a  remarkable  constancy  in  its  leading  fealure?f,  tMi  ; 
we  seem  jufitilied  in  the  belief  that,  m  Harvey  and  Hunter  alwjiyei  iiuutt* 

*  Dp.  cit.,  p,  $2. 

*  Avconuiot  iin  Bxtraordiaupy  ?hoaftaat|iti  Huater**  Works,  Pulaier^i  edit,  t&l 
iVi  p^  44. 

»  PhlloHpphkiil  Transaction*,  1817,  <  Frinc.  of  Comp.  Pbjri.,  {  118* 


AND   ITS   RELATIONS    TO    THE    LIVINQ    ORGANISM.  2&3 

tained,  the  Blood,  like  the  solid  tissues,  has  a  formative  power  of  its  own, 
which  it  exerts  in  the  appropriation  of  the  new  material  supplied  to  it  from 
the  food;  and  that,  like  all  the  other  parts  descended  from  the  component 
cells  of  the  germinal  mass,  it  goes  through  a  succession  of  phases,  which  are 
partly  the  cause,  and  partly  the  effect,  of  developmental  changes  in  the  organ- 
ism generally.  The  self-maintaining  power  of  the  Blood  is  yet  more  shown 
in  the  phenomena  of  Disease;  and  especially  in  its  spontaneous  recovery  of 
its  normal  condition,  after  the  most  serious  perversions;  as  we  see  more  par- 
ticularly in  febrile  diseases  of  definite  type  (such,  for  example,  as  the  Ex- 
anthemata, Typhoid,  Typhus,  etc.),  of  whose  origin  in  the  introduction  of 
specific  poisons  into  the  blood,  there  is  no  reasonable  ground  for  doubt.  In 
studying  the  mode  in  which  these  and  other  "morbid  poisons"  act  upon  the 
blood,  and  through  it  upon  the  system  at  large,  we  may  derive  important 
assistance  from  a  previous  inquiry  into  the  history  of  the  action  of  such 
poisonous  agents,  which,  from  their  being  more  readily  traceable  by  chemi- 
cal analysis,  can  be  more  satisfactory  made  out.  Such  an  inquiry  has  a 
most  important  bearing,  also,  on  the  modus  operandi  of  medicines.  The 
operation  of  medicinal  or  poisonous  substances  for  the  most  part  depends 
ujpon  the  power  which  they  possess,  when  introduced  into  the  current  of  the 
circulation,  of  effecting  some  determinate  change  in  the  chemical^  and  there- 
by in  the  vital  condition,  either  of  the  components  of  the  blood,  or  of  some 
one  or  more  of  the  tissues  which  it  nourishes;  and  their  determination  to 
some  special  part  or  organ  must  be  attributed  to  the  same  kind  of  elective 
affinity,  as  that  by  which  the  normal  constituents  of  the  blood  are  so  deter* 
mined  (§  217).  Now  of  nearly  all  these  substanqes  it  may  be  said,  that  the 
system  if  left  to  itself,  tends  to  free  itself  from  them,  provided  tiitie  be 
allowed  for  it  to  do  so;  and  that,  when  death  results  from  their  introduction 
into  it,  the  fatal  result  is  to  be  attributed  to  the  fact,  that  the  disorganiza- 
tion of  structure  and  disturbance  of  function  are  too  rapid  and  violent  to 
allow  the  eliminating  processes  to  be  set  in  efficient  operation.  When 
smaller  doses  are  taken,  their  effects  are  evanescent,  unless  the  abnormal 
action  to  which  they  may  have  given  rise  is  of  a  kind  to  perpetuate  itself;' 
and  their  cessation  is*of)viously  attributable  to  the  removal  of  the  agent 
from  the  system,  whereby  the  continuance  of  its  deleterious  agency  is  pre- 
vented. Of  this  removal,  we  have  of  cou^^^c  the  most  satisfactory  evidence 
in  the  case  of  those  substances  which  can  be  detected  by  ordinary  chemical 
tests  in  the  excretions,  such  ad  the  alkaline  and  earthy  salts,  arsenic,  tar- 
tarized  antimony,  and  a  variety  of  other  metallic  compounds,  which  may 
readily  be  detected  in  the  urine  for  some  days  after  they  have  been  ingested; 
clearly  showing  that  their  elimination  is  a  work  of  time.  On  the  other 
hand,  the  salts  of  copper  appear  rather  to  be  removed  from  the  blood  by  the 
liver,  and  also  by  the  bronchial  secretion.  And  lead,  which  passes  off'  but 
little  by  the  onlinary  excretions,  is  withdrawn  from  the  circulation  by  vari- 
ous tissues  and  organs,  but  particularly  by  certain  parts  of  the  muscular  ap- 
paratus, with  the  substance  of  which  it  becomes  incorporated,  producing  a 
most  injurious  inffuence  upon  its  vital  endowments.* — The  only  exception  to 
the  general  rule  above  stated,  seems  to  be  in  the  case  of  those  medicines 

>  Such  a  perpetuation  is  seen  in  the  chronic  intiammation,  thickening  and  contrac- 
tion of  the  cp^mphagcal  walls,  consequent  upon  the  deglutition  of  strong  acids  and 
caustic  alkalies. 

'  This  has  been  shown  by  the  analyses  of  M.  Devorgie  (soo  the  Traite  dcs  Maladies 
de  Ploinb  of  M.  Tanquerel,  torn,  ii,  pp.  401-G),  and  of  Prof  Miller  (see  Dr.  W. 
Budd's  esfift}'  on  The  Symmetry  of  Di.oea^e,  in  the  Med.-Chir.  Trans.,  vol.  xxv). 
M  Mala;isez  (Gaz.  Med.  de  Paris,  Nos.  1  and  2,  1874)  has  shown  that  under  the  toxic 
influence  of  lead  the  number  of  red  corpuscles  falls  to  2,200,000:  they  at  the  same 
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which  have  what  is  called  a  "cumulative"  tendency;  this  tendency  bein^, 
in  fact,  simply  the  result  of  their  want  of  stimulating  influence  upon  the  ex- 
cretory organ?,  whose  functional  activity  is  rather  impeded  than  promoted 
by  them.  This  is  pre-eminently  the  case  in  regard  to  lead,  which  is  prob- 
ably the  most  cumulative  poison  with  which  we  are  acquainted ;  itscontinnal 
introduction  in  doses  of  even  extreme  minuteness,  being  capable,  if  suffici- 
ently prolonged,  of  causing  the  most  serious  disturbance  in  almost  every  func- 
tion in  the  economy.  Even  here,  it  is  rather  in  the  tissues,  than  in  the 
blood,  that  it  accumulates, — as  is  indicated  by  a  variety  of  facts,  but  more 
especially  by  the  difficulty  with  which  it  is  eliminated  from  the  system  by 
means  that  would  be  probably  effectual  in  removing  it  from  the  circulating 
current. 

221.  There  are  some  substances  of  this  class  which  are,  nevertheless,  of  a 
nature  and  composition  which  render  them  peculiarly  susceptible  of  change, 
when  subjected  to  the  influences  which  they  must  encounter  in  the  living 
body,  and  more  especially  when  ex|x>sed  in  a  state  of  very  fine  division  to 
the  agency  of  oxygen.  We  see  exemplifications  of  this  mode  of  elimination 
of  poisons  in  the  transient  operation  of  moderate  doses  of  Alcohol,  Ether, 
Chloroform,  Opium,  Strychnia,  Prussic  Acid,  Snake  poiscm,'  etc.,  in  all  of 
which  the  question  of  lite  or  death  is  one  of  time;  for  if  the  fatal  result  do 
not  speedily  follow  the  absorption  of  the  poison  into  the  blood,  the  patient 
gradually  recovers  from  its  effects ;  and  the  most  effectual  treatment  con- 
sists in  tlic  artificial  maintenance  of  the  respiratory  movements,  which  the 
influence  of  these  poisons  upon  the  nervous  centres  might  otherwise  suspend. 
With  regard  to  certain  poisons  of  this  unstable  class,  there  is  strong  evidence 
that  whilst  in  nKMJeratc  doses  they  are  partially  or  completely  destroyed'  in 
the  system  ;  when  taken  in  large  doses  they  pass  into  the  urine  aud  are  elimi- 
nated, without  unclergoing  any  change  that  impairs  their  physiological  ac- 
tion ;  this  evidence  being  affonled  in  the  effects  of  the  reingestion  of  the 
urine,  eitiier  by  the  individuals  themselves,  or  by  others.  A  very  curious 
example  of  this  kind  is  afforded  by  the  intoxicating  fungus  Amanita  inii«- 
caria,  which  is  used  i)y  some  of  the  inhabitants  of  the  northeastern  parts  of 
Asia,  in  the  same  manner  as  alcoholic  liquors  by  other  nations.  Its  effects, 
like  those  of  other  excitants,  have  a  limited  duration ;  for  a  man  who  is  in- 
toxicated by  it  one  day,  "sleeps  himself  sober"  by  the  next.  His  restora- 
tion is  due,  however,  not  to  his  repose,  but  to  the  elimination  of  the  poi^n 
which  takes  place  during  the  interval ;  for  if  he  drink  a  cup  of  his  urine 
the  next  morning,  he  is  yet  more  powerfully  intoxicated  than  he  was  the 
preceding  day  ;  and  this  fluid  has  the  same  effect  upon  any  other  individual 
into  whose  urine  the  active  principle  then  passes;  so  that,  according  to  the 
testimony  of  travellers,  the  intoxicating  agent  may  be  transmitted  in  tbi« 
manner  through  hvo  or  six  [persons,  a  small  stock  at  the  commencement  thus 
serving  to  maintain  a  week's  debauch.  Kesults  of  the  same  order  have  been 
obtained  by  Dr.  Lstheby,  in  regard  to  opium,  1)elladonna,  hemlock,  aconite, 
etc.;  the  passage  of  these  substances  into  the  urine  being  proved  by  the  in- 
duction of  their  characteristic  effects,  when  that  fluid  was  administered  to 
other  animals. 

222.  Between  the  substances  which  admittedly  rank  fis  poisons^  and  those 
which  are  reckoned  as  maferies  morbonun,  no  definite  line  of  demarcation 

timo  become  inercnsod  in  eizo,  and  less  liable  to  change  under  the  influence  of  re- 
agon  Is. 

*  S».M»  in  particular  the  experiments  of  Brunton  and  Fiiyrcr  on  the  nuture  tnd 
phv*i<>lojricnl  action  of  the  poison  of  Naja  tripudinns,  etc.,  Proceed.  Roy.  Soc.,  18T3, 
p.  3r>8,  and  1874,  p.  08. 

'  See  the  researcbes  of  Anstie  and  Dnpre  on  Alcohol,  in  the  Practitioner. 
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can  be  drawn ;  and  the  train  of  symptoms  produced  by  the  operation  of  the 
former,  is  really  as  much  a  disease  as  that  which  results  from  the  presence 
of  the  latter.  The  connection  is,  in  fact,  established  by  those  "animal  poi- 
sons" which  are  the  result  of  decomposition  either  within  or  without  the 
body ;  such  as  that  of  the  "  pustule  maligne/'  or  of  the  flesh  of  animals 
suffering  under  disease  on  the  one  hand,  or  the  "  cheese  poison,"  etc.,  on  the 
other. — ^It  may  be  admitted  that  our  belief  in  a  specific  material  cause  for 
a  great  part  of  the  effects  set  down  to  the  action  of  "morbid  poisons"  is 
merely  inferential ;  and  there  are  many  persons  to  whom  their  exhibition  in 
a  tangible  form  seems  to  afford  the  only  convincing  evidence  of  their  exist- 
ence. But  it  must  be  remembered  that  the  germs  of  other  ferments  con- 
stantly exist  in  the  state  of  suspension  in  the  atmosphere,  as  is  well  shown 
by  the  experiments  of  Schroder  and  Pasteur,*  who  found  that  the  mere  fil- 
tration of  air  through  so  coarse  a  medium  as  a  plug  of  cotton- wool  placed 
in  the  mouth  of  the  vessel,  was  sufficient  to  prevent  the  fermentation  or 
putre&etion  of  almost  any  organic  substance  which  had  been  heated  to  boil- 
ing, and  it  is  easy  to  conceive  that  pus>cells,'  or  the  minute  insoluble  parti- 
cles of  albuminous  substance  believed  by  Chauveau^  to  constitute  the  active 
agents  in  the  communication  of  the  vaccine  virus,  or  the  minute  portions  of 
the  plasma  of  various  diseases,  may  be  taken  up  during  evaporation  and 
remain  long  floating  in  the  atmosphere.  In  the  case  of  those  ix)isons  which 
are  capable  of  being  introduced  by  inoculation,  we  have,  indeed,  the  required 
proof  of  their  material  existence ;  and  this  proof  is  capable  of  being  ex- 
tended by  a  safe  analogy  to  infectious  diseases  generally.  For,  if  small-pox 
can  be  communicated  by  the  inhalation  of  an  atmosphere  tainted  with  the 
exhalations  of  a  person  already  affected  with  it,  as  well  as  by  the  introduc- 
tion of  the  fluid  of  the  cutaneous  pustule  into  the  blood  of  another,  it  can 
scarcely  admit  of  a  question,  that  the  same  poisonous  agent  is  transmitted 
in  both  cases,  although  through  different  media,  and  that  it  has  as  real  an 
existence  in  the  transferred  air  as  in  the  transferred  liquid.  Diseases,  then, 
which  are  capable  of  being  transmitted  in  both  these  methods,  form  the  con- 
necting link  between  those  resulting  from  ordinary  toxic  agents,  and  those 
which  must  be  assumed  to  depend  upon  a  subtle  poison,  of  which  the  air 
alone  is  the  vehicle, — such,  for  example,  as  malarious  fevers;  this  assump- 
tion being  required  by  all  the  rules  of  logic,  as  the  only  one  which  will  ac- 
count for  the  phenomena  to  be  explained,  and  therefore  jK)s?»essing  a  claim 
to  be  accepted  as  an  almost  certain  truth.  There  is  a  strongly  marked  dif- 
ference, however,  l)etween  the  modus  operandi  of  the  toxic  agents  whose 
action  has  been  previously  examined,  and  that  of  the  morbid  poisons  we  are 
now  considering;  for  whilst  the  former  possess  a  certain  definite  action,  the 
intensity  of  which  (aeteris  paribus)  is  proportionate  to  the  quantity  that  is 
in  operation,  and  which  is  usually  determined,  in  virtue  of  the  "elective 
affinity"  already  spoken  of,  to  some  particular  organ  or  tissue, — the  latter 
act  primarily  upon  the  blood,  influencing  the  system  at  large  through  the 
changes  which  they  produce  in  its  constitution ;  and  their  potency  depends 
rather  upcm  the  susceptibility  of  the  blood  to  their  peculiar  influence,  than 
upon  the  quantity  of  the  poison  that  may  be  introduced  into  it. 

223.  Of  the  existence  of  such  susceptibility  as  a  "predisposing  cause"  of 
Zymo/u^ disease  there  cannot  be  the  slightest  doubt.     In  the  case  of  the  Ex- 

*  Liebig,  Annalen,  cix,  Hoft  i. 

'  Kcvue  <ie«  Cours  Sc*icnlifiqiie«,  18(54,  No.  21. 

*  See  the  eipcrinients  of  Dr.  Eiselt,  uf  Prague,  referred  to  in  Med.-Chir.  Rev.,  Oct. 
1866,  p.  528. 

*  Compter  Rcndus,  1808,  and  Revue  Scientifique,  t.  x,  1872,  p.  68. 

*  The  term  zymotic  is  a  very  convenient  designation,  which,  originally  suggested 
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anthemata  and  Plooping-cough,  we  see  that  it  is  congenital  and  is  usuallj 
removed  by  tlie  oecurrenee  of  one  attack  of  the  disease  (although  this  is  not 
a  uniform  protection);  but  the  liability  even  to  these  varies  greatly  in  differ- 
ent individuals,  and  at  different  times  in  the  same  individual.     And  with 
regard  to  other  zymotic  diseases,  the  liability  to  which  is  not  thus  limited, 
all  extended  observation  concurs  in  showing  that  it  is  augmented  by  anything 
which  tends  to  depress  the  vital  powers  of  the  system,  and  more  particularly 
by  any  («use  which  obstructs  the  due  purification  of  the  blooil,  by  the  elimi- 
nation of  the  products  of  decomposition.     Thus,  it  will  be  shown  hereafter 
(chap,  ix,  sect.  3),  that  no  antecedent  conditions  have  been  found  more  effi- 
cacious in  augmenting  the  fatality  of  Cholera  than  overcrowding  and  impure 
water ;  the  former  compelling  those  who  are  subjected  to  it  to  be  constantly 
breathing  an  atmosphere  laden  with  putrescent  emanations,  thus  favoring 
the  accumulation  of  decomposing  matter  in  the  blood,  which  serves  as  the 
most  appropriate  soil  for  the  seeds  of  the  disease;  whilst  by  the  latter  such 
matter  is  introduced  directly  into  the  system.*     And  what  is  true  of  Cholera 
has  been  found  to  be  true  of  Zymotic  diseases  in  general ;  the  very  same 
fermentable  matter  in  the  blood  serving  for  the  development  of  almost  any 
kind  of  zymotic  poison  that  may  be  received  into  the  system,  whether  from 
the  atmo;?phere,  or  from  the  bodies  of  those  who  have  already  been  subjects 
of  the  disease.     That  such  cimditions  are  constantly  present  in  all  large 
towns  is  shown  in  the  most  satisfactory  manner  by  the  observations  of  Dr. 
Angus  Smith,''  who  found  that  whilst  on  the  hills  above  Manchester  the  pro- 
portion of  organic  matter  was  one  grain  in  200,000  c.  in.  of  air,  in  the 
crowded  courts  of  the  town  there  was  one  grain  in  every  8000  c.  in.,  indicat- 
ing but  too  surely  the  source  of  the  various  diseases  of  the  lungs,  brain, and 
alimentary  canal,  which  the  observations  of  Dr.  Greenhow'  have  shown  to 
occur  in  such  excess  in  town  districts.     Hence  what  has  been  here  spoken 
of  us  "  fermentable  matter,"  is  not  a  mere  hypothetical  entity,  but  has  a  real 
material  existence ;  for  in  all  those  conditions  of  the  system  in  which  we 
know  that  decomposition  is  going  on  to  an  unusual  extent,  and  in  which 
there  is  a  marked  tendency  to  putrescence  in  the  excreted  matters,  we  wit- 
ness such  a  peculiar  liability  to  zymotic  diseases,  as  clearly  indicates  that  the 
state  of  the  blood  is  peculiarly  favorable  to  the  action  of  the  zvmotic  poison. 
This  is  pre-eminently  the  case  in  the  puerperal  state,  in  which  the  tissue  of 
the  uterus  is  undergoing  rapid  di^integration,  its  vital  force  having  been  ex- 
pended ;  for  there  is  now  abundant  evidence  that  the  contact  of  deconi()osiDg 
matters  which  would  be  innocuous  at  other  times,  is  capable  of  so  acting 
upon  the  blood  of  the  parturient  feniale  as  to  induce  that  most  fatal  zpnofu 
which  is  known  as  "puerperal  fever."*     And  her  peculiar  liabilitv  is  in  do 
respect  more  manifest  than  in  this:  that  the  poison  by  which  she  is  afJected 
may  have  lain  dormant  for  weeks  or  months,  for  want  of  an  appropriate 


"bv  Dr.  W.  Farr,  has  of  lat<'  painod  i^nncrul  ciirn*ney,  for  that  class  of  disoaoM  whose 
plienoinena  may  be  attribntod  to  tin*  operation  of  u  morbid  poison  of  the  nature  de- 
scrilu'd  above;  this  ojicration  Ix'arini:  a  j^tronj;:  analogy  to  that  of  fcrinents. 

*  ScM!  the  various  papers  of  Pelteiitcofer  in  the  Zeits.  f.  Biologie,  B.  v-x. 
'^  Orj  the  Air  of  Towns. 

•♦  l*a})ers  on  the  Sanitarv  State  of  the  People  of  England,  bv  G.  H.  Greonhow, 
M.I).,  iH.Vc). 

*  For  a  most  marked  and  oonvincinq:  example  of  this  kind,  see  Dr.  Routh's  paper 
on  Thi»  Cimsrs  of  the  PIndcmic  Puerperal  Fever  of  Vienna,  in  the  Mcdio<»-Gni- 
ruri^ieal  Traiisacticms,  vol.  xxxii,  j)  '27. — That  the  poison  which  develoiui  puerpertl 
frver  nuiy  be  conveyed  from  patients  laboring  under  almoi>t  any  otnur  form  of 
Zvmotic  disease  tendini;  to  ]>utrese«Mice,  that  is  propagablo  by  contact, — t-uch  M 
scarlatinal,  small-pox,  or  erysipelas, — is  now  the  general  opinion  of  most  piitboIogi^U 
who  have  paid  special  attention  to  the  subject. 
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Didus,  and  will  yet  exhibit  its  full  potency  on  the  very  first  case  in  which 
opportunity  may  be  given  for  its  introduction  into  the  system  of  a  puerperal 
patient/  The  same  kind  of  liability  is  displayed  in  the  subjects  of  severe 
iiijuries,and  in  those  exhausted  by  long-continued  muscular  exertion,  among 
whom,  also,  there  is  not  only  a  state  of  general  depression  of  the  vital  powers, 
but  also  a  special  source  of  decomposing  matter  in  the  system  ;  for  there  is 
evidence  that  "surgical  fever"  may  be  induced  in  them,  by  the  introduction 
of  a  zymotic  poison  derived  from  a  variety  of  external  sources  (amongst 
others,  from  palients  affected  with  puerperal  fever),  such  as  would  have  no 
efiect  upon  a  healthy  subject;  and,  moreover,  that  overcrowding  in  hospitals 
has  a  special  tendency  to  increase  this  liability.'  Thus,  then,  we  may  affirm 
with  strong  confidence  that  the  special  liability  to  Zymotic  diseases,  which 
determines  their  selection  of  individuals  when  epidemically  prevalent,  de- 
pends upon  the  previous  condition  of  the  blood  of  the  subjects  who  are  thus 
** predisposed "  to  their  invasion;  and  more  especially  on  the  presence  of 
fermentable  matters,  resulting  from  the  ordinary  processes  of  disintegration, 
which,  in  the  state  of  perfect  health,  are  eliminated  as  fast  as  they  are  formed, 
but  of  which  an  accumulation  is  prone  to  take  place,  either  when  there  are 
special  sources  of  an  augmented  production,  or  when  the  excretory  opera- 
tions are  imperfectly  performed.'  And  it  would  further  appear  that  the 
continued  accumulation  of  such  matters  may  itself  become  a  source  of  cer- 
taiu  forms  of  Zymotic  disease,  which  may  thus  originate  de  novo  in  the 
system,  and  which  may  thence  be  propagated  to  other  individuals  in  some 
of  the  modes  already  specified ;  of  this  we  have  notable  examples  in  ery- 
sipelas and  the  "  pustule  maligne." 

224.  It  is  not  only,  however,  in  the  class  of  Zymotic  diseases  that  we 
seem  distinctly  able  to  trace  the  operation  of  morbid  poisons  circulating  in 
the  blood  ;  for  there  are  numerous  other  maladies,  of  whose  origin  in  a  like 
condition  there  can  be  no  reasonable  doubt ;  and  these  are  in  some  respects 
more  closely  analogous  than  the  preceding  to  the  disordered  states  induced 
by  the  introduction  of  toxic  agents.  For  in  those  of  which  we  have  now  to 
speak,  the  action  is  destitute  of  any  analogy  to  fermentation,  and  its  po- 
tency i.s  strictly  proportionate,  in  each  case,  to  the  amount  of  the  dose  that 
is  in  o])eration.  Here,  too,  we  have  a  connecting  link  afft)rded  by  those 
disordered  states  of  the  system,  which  depend  upon  an  undue  accumulation 
of  poisons  normally  generated  within  it,  in  consequence  of  some  olwtacle  to 
their  elimination.  Thus,  the  retention  of  urea  or  of  uric  acid,  of  carbonic 
acid,  biliary  matter,  lactic  acid,  or  of  other  sub??tauces  which  are  normal 
products  of  the  waste  or  disintegration  of  the  body,  in  the  blood,  are  as  true 
instances  of  poisoning  as  if  these  substances  had  been  directly  injected  into 
the  blo<^Kl vessels ;  and  the  evil  is  of  course  increased,  when  (as  frequently 
happens;  augmented  production  is  concurrent  with  imperfect  elimination. 

225.  In  all  cases,  therefore,  one  of  the  first  questions  which  the  intelligent 
Practitioner  will  feel  called  upon  to  decide,  is,  whether  the  malady  he  has 
to  treat  originates  in  the  state  of  the  Blood,  or  in  a  disorder  purely  local; 
and  if  he  feel  justified  in  referring  it  to  the  blood,  whether  it  merely  depends 

'  This  i.-*  shown  by  tho  instances,  unhappily  of  no  unfroqucnt  occum-nce,  in  which 
pmcliti oners  who  have  unfortunately  become  the  VfhiclcH  of  the  puerperal  poison, 
anil  h&vc  convoyed  it  to  several  patients  in  suocejision,  have  exptjrienced  the  same 
dinM'ul  results  immediately  on  resumini^  obstetric  attendance,  after  a  leui^thened  in- 
lervjil  of  s»usp<*n^ion  from  it,  and  even  frcmi  professional  (employment  of  every  kind. 

*  See  Prof.  Simpjion,  On  the  Analoujy  between  Puerperal  and  Surt^ical  Fever,  in  tho 
E<lin.  Monthly  Journ.,  vol.  xi,  p.  414  ;  and  vol.  xiii,  p.  72.  See  also  Bryden,  Keport 
on  Cholera,  18t>9. 

•  For  a  fuller  exposition  of  this  doctrine,  see  tho  Brit,  and  For.  Med.-Chir.  Rev., 
vol.  xii,  p.  159  et  seq. 
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upon  au  alteration  in  the  proportion  of  its  normal  coustituents,  as  in 
plethora  and  simple  anscmia,  or  whether  its  phenomena  imply  the  presence 
of  some  toxic  substance  in  the  circulating  fluid. — If  the  former  be  his  con- 
clusion, he  has  then  to  endeavor  to  rectify  the  excess  or  the  deficiency,  by 
reducing  the  former,  or  by  supplying  the  latter;  as  when  he  bleeds  and 
prescribes  low  diet  for  Plethora,  and  employs  iron  and  generous  living  in 
Anaemia.  But  it  is  his  duty  to  take  care  that  his  means  are  appropriate  to 
his  ends;  for  there  can  be  little  doubt  that  the  too  copious  venesection 
which  was  formerly  practiced  almost  indiscriminately  in  acute  inflanama- 
tions,  had  a  pernicious  tendency  to  postpone  the  final  recovery  from  them, 
whilst  it  had  often  but  a  doubtful  efficacy  in  subduing  the  first  violence  of  the 
disease.  As  a  general  rule,  it  may  be  stated  that  general  bloodletting  is  likely 
to  be  rather  injurious  than  beneficial  in  toxic  inflammations,  in  which  the 
vitality  of  the  blood  as  a  whole  is  decidedly  lowered,  and  to  this  rule,  the 
results  of  careful  and  extended  observation  have  recently  shown  that  Rheu- 
matism is  seldom  to  be  considered  an  exception,  notwithstanding  that  this 
disease  was  formerly  considered  to  be  one  of  those  in  which  the  efficacy  of 
copious  depiction  was  most  undoubted. — In  diseases  of  to j;ie  origin,  thet^ea^ 
ment  must  be  conducted  upon  principles  exactly  the  same  as  those  by  which 
the  practitioner  would  be  guided  in  his  treatment  of  a  case  of  ordinary 
poisoning ;  but  as  regards  the  two  chusses  into  which  it  has  been  shown  that 
these  maladies  may  be  divided,  a  difl'erence  must  be  made  in  their  applica- 
tion. 

226.  The  "  rtlorbid  poisons'*  of  our  second  class  (§  224)  are  distinguished 
by  this,  that  there  is  a  continual  new  f/enerafion  of  them  within  the  system; 
and  the  first  indication  of  treatment,  therefore,  will  be  to -check  their  forma- 
tion, so  far  as  this  may  be  possible.  This  is  the  rationale  of  the  dietetic 
and  regiminal  treatment  of  the  lithic,  lactic,  and  oxalic  diathesis,  of  lepra 
and  psoriasis,  of  chronic  gout  and  rheumatism,  and  many  other  chrouie 
diseases  of  toxic  origin. — Secondly,  we  should  endeavor  to  destn>y  or  neutral- 
ize the  poison,  if  we  have  any  remedies  which  i)ossess  such  an  action  upon 
it.  Perha))s  the  curative  influence  of  Ammonia  in  Australian  snakebite, 
recomnuMided  by  Prof.  Halford,  if  supported  by  future  investigations,'  would 
constitute  one  of  the  best  examples  of  this  kind. — Thirdly,  where  we  cannot 
thus  destroy  the  poison,  wo  must  endeavor  to  moderate  its  action  upon  the 
system;  this  is  the  rationale  of  palliative  treatment  of  every  description,  in 
which  the /o/i>j  ct  origo  of  the  malady  is  left  unchanged. — But,  fourthly,  our 
main  object  must  be  to  eliminate  the  poison  from  the  system  as  nipidly  as 
possible,  by  the  various  channels  of  excretion ;  acting  up(m  these  by  rem- 
edies which  either  increase  their  activity,  or  which  so  alter  the  comiiiion  of 
the  morbific  nmtter  as  to  enable  it  to  be  more  readily  drawn  off*.  The  judg- 
ment of  the  well-informed  practitioner,  in  the  treatment  of  diseas«^  of  this 
class,  is  more  shown  in  his  discriminative  selection  of  the  best  means  of  thus 
aiding  the  Blood  to  regain  its  normal  purity,  than  in  any  more  apparently 
"heroic  measures;"  anil  a  canrlid  review  t)f  the  most  approved  systems  of 
treatment,  for  diseases  of  the  ty[>e  here  alluded  to,  will  show  that'the  ratio 
of  their  efficacy  is  in  accordance  with  that  of  their  harmony  with  the  abore 
indications. 

227.  Among  the  Toxic  diseases  of  the  zi/motic  class,  in  most  of  which  the 
poison  is  introduced  from  without,  the  course  of  the  morbid  phenomena  to 
which  this  gives  rise  is  usually  more  definite  and  si>ecific,  and  its  duration 
more  limited.     There  is  no  source  within  the  body,  whence  a  new  supply  of 


1  It  hiiK  bocn  trieil  and  fniind  iiM>ff(>('tim1  in  the  case  of  Indian  snBkebites  by  HilitoD, 
Ind.  Med.  Guz.,  1873.     Fuyrcr,  Proceed.  Roy.  Soc,  Jan.  22d,  1874. 
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the  poison  is  contiDuallj  arising ;  and  its  operation  ceases,  therefore,  as  soon 
as  it  is  entirely  eliminated  from  the  system.  But  there  is  this  peculiarity  in 
the  action  of  many  of  the  poisons  in  question,  that  they  have  the  power  of 
multiplying  themselves  within  the  body ;  thus,  for  example,  when  small- 
pox has  been  communicated  by  the  inoculation  of  an  excessively  minute 
portion  of  the  virus,  hundreds  or  thousands  of  pustules  are  generated,  each 
of  them  charged  with  a  poison  equally  potent  with  that  from  which  they 
originated.  It  is  to  this  multiplication,  that  the  extension  of  zymotic  dis- 
eases, by  communication  between  individuals  affected  with  them  and  healthy 
subjects,  is  chiefly  due;  and  the  question  of  the  "contagion"  or  "non-con- 
tagion" of  any  particular  disease  of  this  class,  is,  therefore,  essentially  that 
of  the  multiplication  or  non-multiplication  of  the  poison  in  the  human 
body.  This  multiplication  of  certain  zymotic  poisons  is  a  yet  stronger  point 
of  analogy  to  the  action  of  "  ferments,"  than  that  which  is  afforded  by  the 
violence  of  the  changes  they  induce  when  compared  with  the  amount  in 
operation.  Some  of  these  poisons  are  of  such  potency,  that,  in  however 
minute  a  (quantity  they  are  intrmluced,  they  will  change  the  whole  mass  of 
the  blood  m  a  few  minutes,  and  will  act  indiscriminately  on  all  individuals 
alike;  this  is  the  case,  for  example,  with  the  venom  of  serpents.  On  the 
other  hand,  there  are  manv  (as  already  remarked)  which  seem  to  require 
the  presence  of  some  special  fermentable  matter  in  the  blood  (§  223).  And 
between  these  might  probably  be  established  a  regular  gradation — from 
those  most  "pernicious"  forms  of  malarious  poison,  which  derive  their  po- 
tency from  the  intensity  of  vegetable  decomposition  under  the  influence  of 
a  high  temperature;  or  those  "malignant"  types  of  typhoid  poison,  which 
owe  their  special  intensity  to  animal  putrescence  engendered  by  filth  and 
overcrowding ;  both  of  these  attacking  a  very  large  proportion  of  those  who 
are  exposed  to  them — to  those  milder  forms  of  zymotic  poisons,  which, 
though  derived  from  the  same  sources  with  the  preceding,  act  with  so  much 
ten  of  uniformity  upon  different  individuals,  that  we  can  scarcely  fail  to 
recognize  as  a  "  predisposing  cause,"  or  rather  as  a  necessary  concurrent 
condition,  the  presence  of  some  readily-decomposable  matter  in  the  blood. 
The  long-continued  action  of  these  poisons,  in  their  milder  forms,  seems 
itself  capable  of  inducing  this  condition;  thus,  a  healthy  person  who  settles 
in  an  aguish  country,  may  remain  free  from  intermittent  fever  for  a  consid- 
erable time,  but  his  health  gnidually  deteriorates,  and  at  last  he  becomes 
the  subject  of  the  disease,  which  would  have  much  earlier  attacked  him  if 
his  blood  had  been  brought  into  the  "  fermentable  '*  state  by  irregularity 
of  diet,  over-exertion,  etc. ;  and  the  same  may  be  observed  in  the  case  of 
those  long  exposed  to  the  poison  of  typhoid  or  other  fevers,  which  espe- 
cially locates  itself  in  animal  miasmata,  if  it  be  not  actually  engendered  by 
them. 

228.  In  some  of  the  diseases  of  this  class,  the  change  in  the  qualities  of 
the  Blood  produced  by  the  introduction  of  the  poison  is  such  as  to  give  it  a 
morbid  action  on  certiiin  organs  or  tissues  only;  their  phenomena  in  this 
respect  corresponding  with  those  of  ordinary  poisons,  and  of  the  toxic  dis- 
eases previously  noticed.  Such  may  be  said  of  vaccinia,  gonorrhiea,  pri- 
TDSLTX  syphilis,  etc.,  in  which  the  general  functions  of  the  body  seem  to  be 
disturbed  chiefly  or  solely  through  the  local  disorder.  It  may  happen  that, 
even  where  a  specific  poison  is  present  in  the  blood,  it  may  not  be  ])()tent 
enough  to  manifest  itself  in  any  disordered  action,  either  general  or  local, 
until  the  depressed  state  of  the  nutrition  of  some  part  or  organ  renders  it 
more  susceptible  of  a  further  perversion ;  thus  it  is  very  common  ibr  the 
first  development  of  Cancer  to  follow  upon  some  local  injury ;  and  where 
constitutional  Syphilis  may  be  presumed  to  exist,  it  often  seems  to  lie  dor- 
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niant,  until  Rome  appropriate  part  is  rendered,  by  some  such  cause,  pecu- 
liarly susceptible  to  this  malady.* — But,  in  other  cases,  we  find  that  the  con- 
tamination of  the  blood  is  such  21s  primarily  to  produce  more  or  less  dis- 
turbance in  all  the  functions ;  as  we  especially  witness  in  the  severer  fumu 
of  fever,  in  poisoning  by  venomous  serpents,  etc.  £veu  in  this  last  class  of 
cases,  however,  a  special  determination  to  one  organ  or  system  is  frequently 
obvious;  and  this  may  be  so  constant  as  to  be  characteristic  of  the  disease, 
as  is  the  case  with  the  skin  affection  in  the  Exanthemata  generally,  the 
affection  of  the  throat  and  the  kidneys  in  Scarlatina,  and  that  of  the  air- 
passages  in  Measles.  But  in  other  instances,  the  local  affections  produced 
in  different  individuals  by  the  same  specific  poison,  vary  in  their  relative 
intensity,  and  even  in  their  seat,  according  to  the  previous  conditions  which 
their  res|)ective  subjects  afford ;  and  whilst  in  some  instances,  this  variatioa 
may  be  clearly  traced  to  local  peculiarities  of  nutrition,  in  others  it  seenu 
only  capable  of  being  accounted  for  by  supposing  that  the  blood  of  each 
individual  has  some  peculiar  or  personal  character,  which  causes  it  to  be 
differently  affected  in  each  subject.  Of  the  determining  influence  of  local 
deterionitions  of  nutrition,  we  occasionally  meet  with  curious  examples  in 
the  Kxanthemata:  thus,  the  eruption  of  Measles  has  been  seen  to  be  deepest 
and  nio.st  diffused  over  a  knee  affected  with  chronic  synovial  inflammation 
and  general  swelling;  and  in  a  patient  who  became  affected  with  Small-Pox 
soon  after  a  fall  on  the  nates,  the  pustules,  though  thinly  scattered  elsewhere, 
were  crowded  together  on  the  injured  part  as  thickly  as  possible.'  So,  during 
an  epidemic  Influenza,  it  is  evident  that  the  local  aflection  ofleu  manifests 
itself  chiefly  ( if  not  solely)  in  what  was  previously  regarded  as  the  "  weak 
point"  of  each  patient's  system.^ — The  local  determination  of  a  morbid 
})oison  may  frequently  be  regarded  as  one  of  the  means  whereby  the  blood 
and  the  system  at  large  are  freed  from  its  action.  Of  this,  again,  we  have 
a  mo.>t  characteristic  example  in  the  Exanthemata:  for  it  is  a  matter  of 
const:iiit  observation,  that  the  constitional  symptoms,  especially  fever  and 
delirium,  arc  most  severe  before  the  cutaneous  eruption  comes  out;  that 
there  is  much  greater  danger  to  life,  when  the  eruption  does  not  develop 


*  See  Mr.  Pjii^ct's  Lectures  on  Surgical  Pathology,  vol.  i,  p.  492. 

2   Paget,  op.  cit.,  ]».  444. 

5  Of  those  variations,  on  the  other  hand,  which,  «8  thoy  cannot  be  thus  attributed 
to  purely  local  cau^e.s,  must  bo  refern-d  u>  jjeeuliaritie!?  in  the  general  sUtte  of  the 
^y.*^t^Mn,  and  especially  of  the  blood,  of  each  individual,  we  have  a  hiti^hlj  characler- 
i>tic  example  n\  tiie  followini;  incident,  which  fell  under  the  notice  of  Prof,  lluiler, 
when  servini^  as  Assistant-Surueon  on  hoard  H.  M.  S.  Rattlesnake,  which  had  been 
eniraj^ed  on  a  surve\in^  voyai^e  about  New  Guinea  and  Australia.  The  cruw  Kem 
to  have  acquired  a  predispo>iiion  to  disease,  by  long  continenient,  exposure  to  trop- 
ical sunshine,  unwholesome  food,  and  other  unfavorable  influences;  out  no  decided 
malady  had  .-^hown  il.>eii'  amom;  thfrn,  until  on<i  of  them,  after  slightly  wounding 
his  hand  with  a  beef-bone,  had  suppuration  of  the  axillary  lymphatic  glands,  witn 
whicii  t.y}dioid  symptt)ma  and  delirium  were  associated,  and  which  piMved  fatal.  A 
few  da\>  alti-r  hi^  death,  the  .bailor  who  washed  his  ch>thes  had  similnr  symptoms  of 
disease  in  the  axilla  ;  and  for  four  or  five  months  he  suffered  with  sloughing  of  por- 
tions of  the  cellular  tis>uc  of  the  axilla,  arm,  and  trunk  of  the  same  side.  Near  the 
same  time,  a  third  sailor  had  diffuse  intlammation  and  sloughing;  in  the  axilla;  and 
after  this,  tlu*  disease  ran  in  various  forms  throutch  the  ship's  company,  t>etwe«>n  thirty 
and  forty  of  whom  were  sometimes  on  the  sick-list  at  once.'  Some  had  difTiisv  cellu- 
lar inflammation  ;  some  had  inflammation  of  the  lymphatic  glands  of  the  heHd,axillai 
and  lower  extremities;  one  had  .severe  idi»»paihic  erysipelas  of  the  head  and  nock; 
another  had  phh'^monous  erysipelas  of  the  hand  and  arm  after  an  accidental  wound; 
olher>  had  l«tw  fever  with  or  without  I'nlari^ement  of  glands.  Finally,  the  disease 
to<)k  the  form  of  mumps,  which  affected  almost  everyl>ody  on  board.  *The  epidemic 
lastf>(i  from  .May  to  .July  (the  winter  in  the  southern  hemisphere),  the  ship  being  at 
sea  during  the  whole  time. 


AND   ITS   RELATIONS    TO    THE   LIVING    ORGANISM.  291 

iUelf  fully;  and  that  its  premature  repression  induces  a  return  of  the 
severer  constitutional  affection.  So  in  Syphilis  and  Cancer  (as  Mr.  Paget 
remarks),  the  severest  defects  or  disturbances  in  the  whole  economy  may 
coexist  with  the  smallest  amounts  of  specific  local  disease;  and  it  has  been 
laid  down  as  a  general  law  by  Dr.  Robert  Williams,  *'that  when  a  morbid 

Soison  acts  with  its  greatest  intensity,  and  produces  its  severest  forms  of 
isease,  fewer  traces  of  organic  alterations  of  structure  will  be  found,  than 
when  the  disease  has  been  of  a  milder  character."^ 

229.  In  nearly  all  the  Toxic  diseases  of  the  zymotic  class,  there  is  a  natu- 
ral tendency  to  the  self-elimination  of  the  poison  and  of  the  products  of  its 
action  on  the  blood,  either  by  the  operation  of  the  ordinary  excretory  organs, 
or  by  the  peculiar  local  actions  just  adverted  to ;  and  this  process  takes 
place  in  many  instances  with  such  regularity,  that  not  only  the  period  which 
It  will  altogether  require,  but  each  of  those  successive  epo(!hs  which  mark 
the  stages  of  development  and  metamorphosis  in  the  poison  and  in  the  prod- 
ucts of  its  action,  may  be  almost  exactly  predicted.  There  is  not,  in  fact,  a 
more  remarkable  indication  of  the  "  Life  of  the  Blood,"  than  is  afforded  by  its 
extraordinary  power  of  self- recovery,  after  having  undergone  the  excessive 
perversion  which  is  consequent  upon  the  introduction  of  the  more  potent 
Zymotic  poisons ;  and  every  philosophical  physician  is  ready  to  admit  that  it  is 
to  this  "  vis  medicatrix  naturse,"  rather  than  to  any  remedial  agency  which 
it  is  iu  his  power  to  apply,  that  he  must  look  for  the  restoration  of  his  patient. 
The  very  nature  of  the  action  of  zymotic  poisons  upon  the  blood,  seems  to 
forbid  the  expectation  of  our  being  able  to  neutralize  or  check  that  action 
by  antidotes ;  and  the  objects  of  treatment  wholly  lie,  therefore,  in  promo- 
ting the  elimination  of  the  morbific  matters  thus  engendered,  in  keeping 
under  any  dangerous  excess  of  local  action,  and  in  supporting  the  system 
during  the  continuance  of  the  malady.  In  a  large  proportion  of  zymotic 
diseases,  it  is  probable  that  the  oxidation  of  the  morbific  matter  by  the  aera- 
tion of  the  blood,  is  the  chief  means  of  its  removal ; '  and  it  is  accordant 
with  this  view,  that  the  encouragement  of  the  respiratory  function,  both  pul- 
monary and  cutaneous,  by  a  pure  and  cool  atmo-sphere,  and  by  keeping  the 
skin  moist  (either  by  the  administration  of  diaphoretic  medicines,  or  by  ex- 
ternal applications),  .should  be  fouud  one  of  the  most  efficient  means  of  pro- 
rooting  recovery.^  Whilst  mild  purgatives  may  be  employed  with  advan- 
tage for  the  same  end,  iu  the  earlier  stages  of  these  diseases,  care  must  be 
taken  that  the  system  be  not  too  much  debilitated  by  their  action  ;  and  the 
same  caution  must  be  observed  with  regard  to  the  use  of  local  depletion  or 
counter-irritation,  for  the  purpose  of  subduing  the  violence  of  some  local 
affection.  In  fact,  the  general  tendency  of  these  diseases  to  the  adynamic 
type  seems  to  indicate  that,  however  beneficial  the  immediate  results  of  re- 


*  Elements  of  Medicine,  vol.  i,  p.  12. 

*  A  practical  application  of  the  doctrine  laid  down,  has  recently  been  mndo  by  Drs. 
Fayrer  and  Brunton,  who  have  recommended  the  maintenjince  of  artificial  r(?spiru- 
lion  in  the  treatment  of  snakebite,  and  there  seems  to  be  no  reason  why  the  suhcu- 
taneous  or  intravenous  injection  of  Ammonia,  advocated  by  Prof.  Halford  of  Mel- 
Iwurne  as  an  agent  neutralizing  the  poison,  should  not  be  conjoin«?d  with  it.  See 
Fayrer  and  Brunton  (op.  cit.).  Halford,  Australian  Med.  Gaz.,  and  Pamphlets, 
1870-74 

*  Dr.  Daniell,  whoFe  long  familiarity  with  the  most  pernicious  forms  of  African 
fever,  and  with  the  various  modes  of  treatment  which  have  been  put  in  practici*  for 
its  cure,  gives  a  most  decided  preference  to  the  sudorific  system  in  voijue  among  the 
natives,  as  having  a  vast  superiority  over  the  venesections,  saline  purgatives,  and 
large  doses  of  calomel,  which  most  European  practitioners  have  employed.  See  his 
Sketches  of  the  Medical  Topography  and  Native  Diseases  of  the  Gulf  of  Guinea,  p. 
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diicing  treatment  may  appear  to  be,  its  remote  effects  are  much  to  be  dreaded. 
And  when  the  results  of  a  large  and  varied  experience  are  brought  together, 
the  Author  believes  that  those  will  be  found  most  satisfactory  in  which  the 
treatment  has  been  moderately  evacuant,  aud  early  sustentative.^ 


CHAPTER   VIII. 

OF  THE   CIRCULATION  OF  THE   BLOOD. 

1.   Of  the  Circulation  in  General. 

230.  The  Circulation  of  nutritive  fluid  through  the  body  has  for  its  object, 
on  the  one  part,  to  convey  to  every  portion  of  the  organism  the  materitk 
for  its  growth  and  renovation,  together  with  the  supply  of  Oxygen  which  is 
requisite  for  its  vital  actions  (esj)ecially  for  those  of  the  Nervo-Muscular 
apparatus)  ;  and  at  the  same  time  to  carry  off  the  particles  which  are  set 
free  by  the  disintegration  or  "  waste  "  of  the  tissues,  and  which  are  to  be 
removed  from  the  body  by  the  Excreting  processes.  Of  these  processes,  the 
one  mast  constantly  in  operation,  as  well  as  most  necessary  for  the  maiotfr 
nance  of  the  purity  of  the  blood,  is  the  extrication  of  Carbonic  Acid  through 
the  Ue.<})iratory  organs;  and  this  is  made  subservient  to  the  introduction  of 
Oxygen  into  the  system.  In  Man,  as  in  other  Vertebrated  animals,  there 
is  a  regular  and  continuous  movement  of  the  nutritive  fluid  through  the 
sanguiferous  vessels ;  and  upon  the  maintenance  of  this,  the  activity  of  all 
parts  of  the  organism  is  dependent.  In  common  with  Birds  and  Mammah, 
again,  ]Man  has  a  Respiratory  circulation  entirely  distinct  from  the  Systemic; 
all  the  bloo<l  which  has  returned  from  the  body  being  trausmittod  to  the 
lungs,  and  being  brought  back  to  the  heart  again,  before  it  is  sent  forth 
afresh  for  the  nourishment  of  the  tissues  and  for  the  maintenance  of  their 
functional  activity.  Tlic  Heart  is  placed  at  the  junction  of  these  two  dis- 
tinct circulations,  which  may  be  likened  to  the  figure  8;  and  it  may  he 
said  to  be  formed  by  the  fusion  of  two  distinct  organs,  a  "  pulmonary  "and 
a  "systemic"  heart;  for  its  right  and  left  sides,  which  are  respectively  ap- 
j)ropriated  to  these  j)urposes,  have  no  direct  communication  with  each  other 
(in  the  perfect  adult  condition,  at  least),  and  seem  merely  brought  together 
for  economy  of  material.''  Each  system  has  its  own  set  of  Arteries  or  eflc^ 
ent  vessels,  and  of  Veins  or  afferent  trunks ;  these  communicate  at  their 
central  extremity  by  the  Heart,  and  at  their  jicripheral  extremity  by  the 
Capillary  vessels,  which  are  uotliing  else  than  the  minutest  ramifications  of 
the  two  systems,  inosculating  into  a  plexus. — Besides  the  systemic  and  pul- 
monary circulations,  however,  there  is  another  which  is  no  less  distinct, 
altliough  it  has  not  an  ini}K'Hing  organ  of  its  own.  This  is  the  "  portal ** 
circulation,  which  is  interposed  between  the  venous  trunks  of  the  abdouinil 
viscera  and  tlie  Vena  Cava,  for  the  purpose  of  distributing  that  blood  through 

>  On  the  Mibji'ct  of  the  hitter  jxirtion  of  this  section,  see  the  treatise  of  Dr.  Robert 
Williiun.-*  on  Morbid  Poisons,  the  Principh's  «»f  Medicine  of  Dr.  Charles  J.  B  Wil- 
liams, the  Lccturi's  on  (ti^neral  Pathoh)jry,  by  Mr.  Simon,  and  the  chapter  on  Specific 
Di>(?agt's  in  Mr.  Pagct's  Lectures  on  Surgical  Pathologx*,  vol.  i. 

'  At  an  early  jx-riod  of  f(i?tal  life,  as  in  the  permanent  state  of  the  Dugooj^,  the 
h<>art  is  ^o  dee])iy  cleft,  from  the  upi*x  towards  the  base,  as  almost  to  give  the  idea  of 
two  uej>arate  organs. 
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Ihe  Liver,  in  which  organ  its  newly-absorbed  materials  undergo  assimilation, 
irhilst  its  excrementitious  matters  are  separated  by  the  secreting  process. 
Fhe  Vena  Port«,  which  is  formed  by  the  convergence  of  the  gastric,  intestinal, 
ipleuic,  and  pancreatic  veins,  subdivides  again  like  an  artery,  so  as  to  form 
i  capillary  plexus  which  extends  through  the  whole  substance  of  the  liver ; 
and  the  Hepatic  vein,  collecting  the  blood  from  this  plexus,  conveys  it  into 
the  Vena  Cava.  Thus  the  portal  circulation  is  grafted  (so  to  speak)  upon 
the  general  circulation,  in  precisely  the  same  mode  as  the  respiratory  circu- 
lation is  grafted  upon  it  in  Mollusca  and  Crustacea ;  and  if  the  "  sinus  "  of 
the  Vena  Portse  had  possessed  contractile  muscular  walls,  it  would  have 
ranked  as  the  proper  heart  of  the  portal  system.  The  really  arterial  char- 
acter of  the  Vena  Portse  is  well  shown  by  comparing  it  with  the  Aorta  of 
Fishes ;  which  is  formed  by  the  convergence  of  the  Branchial  veins,  and 
then  distributes  the  blood  which  it  has  received  from  them  to  the  body  gen- 
erally. 

231.  That  the  movement  of  the  Blood  through  the  arterial  trunks  and 
die  capillary  tubes,  is,  in  Man,  and  in  other  warm-blooded  animals,  chiefly 
dependent  upon  the  action  of  the  Heart,  there  can  be  no  doubt  whatever. 
[t  can  be  easily  shown  by  experiment,  that  if  the  arterial  current  be  checked, 
the  capillaries  will  immediately  cease  almost  entirely  to  deliver  the  blood 
into  the  veins,  and  the  venous  circulation  will  be  consequently  arrested. 
And  it  has  also  been  proved  that  the  usual  force  of  the  Heart  is  sufficient 
to  propel  the  blood,  not  only  through  the  arterial  tubes,  but  through  the 
eapillaries,  into  the  veins;  since  even  a  less  force  will  serve  to  propel  warm 
irater  through  the  vessels  of  an  animal  recently  dead.^  But  there  are  cer- 
tain "  residual  phenomena  "  even  in  Man,  which  clearly  indicate  that  this  is 
not  the  whole  truth  ;  for  not  only  is  the  general  current  of  blood  greatly 
modified  in  its  passage  through  the  circulating  system,  but  there  are  many 
ntriations  in  its  movement,  which,  being  very  limited  in  their  extent,  cannot 
be  attributed  to  any  central  disturbance,  and  must  therefore  be  dependent 
on  causes  purely  local.  Hence  we  are  led  to  perceive  that  forces  existing  in 
the  Bloodvessels  themselves  must  have  a  considerable  influence,  in  producing 
both  general  and  local  modifications  of  the  effects  of  the  Heart's  action. 
There  are  also  indications  of  the  existence  of  influences  in  which  the  blood- 
vessels do  not  partake,  arising  from  those  changes  occurring  between  the 
blood  and  the  tissues,  that  constitute  the  processes  of  Nutrition,  Secretion, 
rtc.  Of  the  nature  of  these  influences,  and  of  the  degree  of  their  operation, 
the  most  correct  idea  may  be  obtained  by  examining  the  phenomena  of  the 
Circulation  in  those  beings,  in  which  the  moving  power  is  less  concentrated 
than  it  is  in  the  higher  Animals.  Thus  we  find  that  in  Plants  and  the  low- 
est animals,  as  in  the  earliest  embryonic  state  of  the  highest,  a  movement 
of  nutritious  fluid  takes  place  through  a  system  of  minute  passages  or  chan- 
nels excavated  in  the  tissues  (representing  a  capillary  plexus),  without  any 
vi$  a  iergo  derived  from  an  impelling  organ.  Ascending  a  little  higher  in 
the  series,  we  meet  with  a  system  of  vascular  trunks,  distributing  the  blood 
to  these  plexuses,  and  collecting  it  again  from  them ;  and  the  walls  of  these 
tranks  are  so  far  endowed  with  contractility,  as  to  assist,  by  a  sort  of  peri- 
Btaltic  movement,  in  the  maintenance  of  the  current  through  them.  Still 
passing  upwards,  we  find  this  contractility  manifesting  itself  especially  in 
some  limited  portion  or  portions  of  the  vascular  system,  which  execute  reg- 
ular movements  of  contraction  and  dilatation  ;  and  this  tendency  to  concen- 

>  See  Dr.  Willinms's  Principles  of  Medicine,  2d  edit.,  p.  185,  note. 
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tmtion  is  increasingly  obserred,  until  the  whole  moveiiTent  is  stsbonJji] 
to  I  he  aetiofi  of  a  |>nndpal  propel  linjj  organ,  the  HtmrtJ 

2Z2.  The  elaborate  tliA^ctions  of'  Dr.  J.  B.  Petli^rew^  have  iihown  that 
the  walls  of  the  ventricles  of  the  Heart  are  coin|K>&ed  of  a  seri^  of  w^rcn 
layers  or  strata  of  muscular  iibres^  of  which  three  are  external,  the  fourth  i« 
cent  ml,  auH  the  remainiug  three  are  internak     The  directiou  ni"  the  tihpB* 
eoustitutiDg  these  layers  gradually  changes  from  a  nearly  vertical  to  a  hori*  | 
Kontal  or  tran?versLe  one,  vvhieh  is  the  course  puisued  by  the  fimr*^   * 
and  from  this  back  again  to  a  nearly  vertical  one.     Thtf  fibres  c^ 
corre?pondiDg  external  and  internal  lay ers^  such  as  layei^  on 
two  and  e*ix,  etc.^  are  continuous  in  the  left  ventriele  at  the  left 
the  right  ventricle  in  the  track  for  the  anterior  coronary  artery,  iLi*;  1 
of  bo  lb  ventricles  being  for  the  most  part  eontinuouft  likewi^  af  tlw* 
forniing,  therefore,  a  scries  of  figure-of-eight  hwps.     The  outer- 
both  ventricles,  on  rendu ug  the  apex  of  the  heart,  present 
whieh^  curving  round  in  the  fortn  of  a  vortex,  or  whorl,  become  c* 
with  the  fibres  of  the  carneie  columnfe  and  niusculi  papil lares.     * 
fir^t  and  seventh  layers  are  inserted  into  the  auriculo-venincuJar 
which  they  pass  in  a  direction  almost  at  right  angles  lo  their  1^.1 
object  of  these  special  arrangements  appears  to  be,  as  Dr.   I 
pointed  out,  to  enable  the  nuisenlar  walls  of  the  cavities  of  the  t.-  .>. .  .'  ^ 
by  their  contraction  the  whole  of  their  contents,  whilst  the  shortenit»g  of  the" 
several  fibrei*  is  both  uniform  in  amount  and  moderate  in  extent, 

233.  There  are,  however,  j^ome  important  dif1ei'encc&  in  the  structuf?  atiil 
functional  actions?  of  the  two  divissiona  of  the  Heart,  which  should  be  her*  j 
adverted  to. — The  wulli?!  of  the  left  Ventricle  are  considenibly  thicker  thao] 
thosie  of  the  right;  and  its  force  of  eon  t  met  ion  is  much  greater.     The  follow- 
Jug  are  the  comparative  results  of  M,  BhoVa  measurements/  taking  the  avcrj 
age  of  Males  from  17  to  79  years: 
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5Ji  lines, 

^  itn<!». 

Uiijbl  Ventricle, . 

.   H* 

It 

1|     " 

lA  - 

In  the  Female,  the  average  thtokoej^s  is  somewhat  less*     It  will  be  Been  that 
the  point  fjf  greatest  thickness  in  the  lefi  Ventricle  ia  near  its  middle;  wliik 
in  thi*  rtfjiit,  it  is  nearer  the  base.     The  thieknese  of  the  former  g<^tei\  on  in* 
creQsingVluring  all  periods  of  life,  from  youth  to  advanced  age;  whilnt  that 
of  the  latter  is  nearly  stationary.     During  pregnancy  there  is  an  hyprtropliy 
of  the  left  Ventricle  to  the  extent  of  one-fourth  or  eveu  oue-lhmi  of  the 
original  thickness  of  its  walls.*    The  ieft  Auricle  is  ftomewbat  thicker  thunj 
the  rifjht;  the  average  thickness  of  the  former  being,  according  to  Bouillaufl, 
a  line  and  a  half;  whilst  that  of  the  latter  h  only  a  line.     In  regard  to  th«*] 
relative  capacities  of  the  right  and  left  cavities,  much  difference  of  opinion' 
has  prevailed."    And  so  much  fallacy  may  arise  from  the  peculiar  eouditiou 


>  S4?o  Prine,  of  Come^  Phy?.,  cliip.  ^.  A  v©ry  full  utideoinpr^henfivi*  noc**iint<if 
the  circulmion  and  tlie  niipufHtua  by  wbicli  il  is  elFeetpd  in  plttnti.  In  th**  lower  nui- 
rmil*,  un<i  in  M«n,  will  l>e  found  in" Dr.  J.  Bell  Fetli^rew*»  wurk  on  the  Phjaioloff 
of  theCir^ulfttJon,  1874. 

*  Pfail.  Trims.,  part  iii,  18G4,  p.  4*5. 

*  Journ.  of  AftJit.  nnd  Phypjolo^y,  vol.  iv^  1870,  p*  $Z. 

*  M^m.  de  b  Site.  Mtfdic.'d'ObserYniitm  de  P»rK  torn,  I 

*  Lj^rcbfip^  Compies  Rendu*;  Uenl©  nnd  Mei*sn«r's  Beneht^  1857,  p*  4<iT. 

*  Winslawi  Setiftc,  Holtcr  nnd  Liuutiiud,  Boyor^  BSicut,  LegHllois  mMtnttiin  llmtth*" 
diipiirity  in  tUe  sXzq  t>f  the  Auricle  and  Vi^ntricW  h  eoneidemMc :   Liicnfn*c>  Cru- 
Teilhier,  Gardoiu  BouiUiiud^  Mi^ckel,  and  Pariiil  liiiil  H  is  tfiflin^;;  L*wor,  Sflbftii^r, 
WelJfi|  AndrmU  and  more  reeeatly  rettigrewr^  tbmt  there  is  uq  differtiiictj  wbmUff  ^r. 
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timal  at  thf*  moiuent  of  tleuth,  timt  it  i&  almost  impossible  to  make 
.  inea.^un^mtnit.— The  nvtrage  capacity  of  tlje  aivitieH  may,  h<m*- 
Himaled,  m  the  full-si/.e*i  Hoart,  at  about  four  to  five  tiimc^j?. — ^The 
'"  ^  'lie  blood  ia  rffl'ctually  pr^vervtej  by  valves,  iIil*  atructure 
\  btj**u  iaveitj^aled  by  Dr.  Peitigiew/  and  may  be  under' 


FV\  117. 


Flo-  118. 


nt  i^i  hiunnn  tt'iulIiitiarTflW^i  hnm  the  |>iilinnnary  artpry  ^ii>r '  I'J    1  ir^r  M..'  lil.n.iii, 

pp,  t«uiitilir,  whkh  n^hni  UievHlvi!  bin  a1;lt4M1lJl!Cplnl|jlcCurtt«^iJa.p}4ic<(t  lu  rMrr«nfKi tilting 

*  rrfi>»«Uiing  M^i^iD-^ntt.    c,  CorjMiii  Aiftnlll.or  itorUoii  utualty  thickftipd  lo  eihl,  ihonglr 

.  Ihkkvniil  cnnvipx  t»cir<1(ir  altuclkt'^  *«  SLroua  riug  (^f  piilinuiiiiry  ikrivty  ;  a, 

nl,  ***>  I'ibrmift  babd*  whkti  lireak  up  in  tbe  mcftinl  !lB(?t*(  Lhe  aegmuui  Ut 

.,-  ...:.-    u  tl.. 

nu^flor  v^pnncnt  of  th&  iHimnn  mitral  Talvt,  «lK>«rhi^'  !lie  thrfcliiM  illiitHbiilJDU  or  the 
IK)*  rram  ttlwirfi  tl^mnwariltt,  Mnt}  frum  iIk*  ine»tul  litu'  tttwjtrils  tbi!  miirt$li}«  uf  UitiMj'>^mfnta. 
litit ;  j:^  jip*  *  diiU*;  r  r'  »  m' ,  eh^^rHiic  UmtUiit'pe  Unm  mfil^H<tt  ptTlloji*  («  cj  uf  riulil  iHiU  kit 
!!&?«».  UlJurculljif;  nntl  IdxIhc  |liemHrlrir«»  lu  mM.nritiHar  scEiu^'nti  i  fr^  cl,  jHiaterior  (HirtluuB 
t*-ft  tuu*culi  iJajilllnreA  whkh  6CM)4  chordis  l«tid£iietc  la  poitcj'ior  ACKiueitt  of  uiKriil  vtlre. 

[^mi  oat  ion  of  Ibo  adjoining  figures*  In  ibe  caeo  of  the  valves 
lary  arteiy  tbcy  appear  to  be  not  t|uite  equal  in  size,  uor  are 
tfy  upon  llie  same  jdane :  wiven  made  lo  act  by  pouriug  water  into 
watcbiug  ihem  frojii  b<dow,  it  amy  be  seen,  according  to  Dr,  Pet- 
it the  snialkM  flegmeut,  wliicb  i^  Bituuted  higbegt,  desceudts  witb  a 
irement,  and  first  faib  into  posilttju ;  the  mkidlc-si/^d  pegaient^ 
ilaced  a  rutle  lower,  de^ceod^  in  like  manner,  fixing  the  first  seg- 
Dne  of  ila  luiiuke  or  crescentic  surraeet*;  the  tbird  and  largest  eeg- 
i:h  occupies  a  lower  position  tbaii  either  of  the  others*,  de§ee»ds 
pon  the  creseentic  niargins  of  the  other  two,  wedging  and  j^crewiug 
e  aud  niore  tightly  into  each  otiier.  Tlte  f^piral  movement  i^  oeca- 
the  direction  of  Lbe  ninnsey  of  VaUalva,  which  curve  towards  each 
din^-t  tl»e  Hh.od  in  i^pirul  wave»  upon  the  mesial  line  of  each  seg- 
h  uf  the  heart  are  peculiar  in  prej^euthig  an  inter- 

-lri}>ed  and  un!?trij>ed  varieties  of  muscular  ti^ue ; 
irinierl,  but  destitute  of  a  ^arcoleinma,  and  acconling  l^  Ebenh' 
of  broad  cei!^  that  are  often  forked  at  their  extremities?  or  give 
prolongationa  which,  being  firmly  arlherent  to  each  other,  produce 
te  appearance  of  anastomosis  of  the  fibres.    In  a  chemical  point  of 


%  *     Roy.  Sot\  of  Kdlnb.,  vol.  xxii,  part  iii|  18^i4,  p.  TBI. 

r  ']v,  Bd     xxxv(i»  H^ft   1,  p.    100.      St*e  also  Each weigger-Sddelj 

tijit*.uu|j^,  Now  Syd.  Soc.  Trnm.f  vdU  i,  p.  2iS. 
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view  the  muscular  tisane  of  the  heart  is  charact*!rkedi  by  cuntaitiin^  a  lar>r«r 

amciiml  nf  water  than  other  mu^ le-n  i  71>, 
Gteadof  76  jier  eeni,) ;  a  coiisidembli*t|uaiitJiv 
of  a  peeuUar  kind  of  jsu^nr,  itifjeitc%  a 
snmll  proporiioii  i>f  creatin,  aiid  &  largi^a 
of  creatiiiiti.'— -The  nervte  of  the  heart 
riwd  from  the  cat^liac  |»le3cui?,  whkh  h  fufl 
hy  hrauchej  from  the  pneumogastric  aod  i 

SatUetic  nerves,  and  appear  io  the  form  »>r**lj 
liutite  ganglia  and  ganj_'HoDic  -  '' 
ia  thi^  walls  of  the  cavities,  ami 
the  aiirlc-ulO'Vexitrtcular  and  in- 
furrowji.  Some  of  the  gangUoni 
hie  th*Kse  of  the  syzo  pathetic  in  gi 
one  aud  the  eume  pale  a  straTuii  t 
filvre;  oihen?  are  bipolar;  m  ttg^aia 

form   hicvlled  ganglia,  rest  in  r,  t**±n 

uppiitHl  to  eaeh  cither  hy  their  ti: 
ilttlks  reprcseutitig  tlie  nerves  i 
Tha=e  have  uo  fspiral  fibre.     2.  J 
frora  the  cervical  portion  of  the  .-»  .n.|... 
which  pass  to  the  cardiac  plexui^,  li^twr 
aorta   and    piihnouary   artery.       3.   C»*i 
spinal  fibres  which  enter  the  inferior  cert 
or  stellate  ganglion  and  proceed  to  the « 
plexas,  and  are  probably  derived  from  a  ecat^ 
situated  in  the  brain  and  spinal  cord.     And  4.  Fibrejs  courting  in  the  i 
and  originating  in  a  centre  i^ituated  in  the  medulla  oblongata.     Th€ 
three  of  the*se  ganglia  and  fibres  |)robably  collectively  constittn  x| 

motor  system  of  the  heurt,  the  tonrth  tbrms  an  Inliibitory,  \ 
regnlo-motor  apparattts.    The  precipe  mode  of  termination  of  tli 
ha^  not  been  made  out,  but  they  probai>ly  lose  their  double  * 
continuing  their  course  as  pale  fihrej;  form  loopii  and  anastomoses  ar«Kmd  ihi 
muscle  celU.-     It  will  be  observed  that  in  oouseqneuce  of  the  abdcnec  of  al 
sarcolemma  the  ultimate  nervous  plexus  is  ia  immediate  contact  with  th^\ 
contractile  substance.    The  nerves  of  the  parietal  layer  of  the  Pericardium  i 
are  derived  according  to  Luschka  from  the  right  vagus  (ramus  recurrpn#)i 
and  phrenic,^  and  Schweigger-Seidel  has  observed  a  rich  plexus  of  nervee  ia 
the  eudoeardium«     According  to  Eberth  aud  Belajeff,*  the  endocardinm.  o* 
pedally  in  the  ventrielesi  and  both  surfkcc^  of  the  pertciirdium.  prvsjent  ft 
mcijhwork  of  fine  It/inphaiiGSf  the  walls  of  which  m  mine  pans  con«i»t  oiilr 
of  a  single  layer  of  tnlimately*adhering  cells.     No  lymphatics  are  traccam*  1 
on  the  chordie  tend ine^,  and  very  few  upon  the  an ricuh> ventricular  ami 
semilunar  valves-^ — We  shall  now  examine  what  agency  in  the  HuTuau  Cir- 
culation may  bo  attributed  to  the  Heart,  the  Arteriei.  and   the  Veins  ri^l 
epectively  ;  and  what  other  force#  may  be  fairly  presumed  to  opemta  ill  Ultf  | 
CapiHary  circulation.^ 


Af)  n«t  uin  b!»l  n  IT  mn  !tcu  Inr  ftbret^  of  the 
Henrt  *e?n   in  t4>n|eitudii>tl  Bi^tlon,. 

c«ill]  wUb  tbelr  nuclei  irc  ejtlilbliud 
HO  mew  tint  diagrjunaiBiicanj. 


*  Ranke,  Grundzuge  d.  Pbjfioltjg.,  1868,  p.  307. 

*  Langerhftns,  Yirchow^fl  Archiv,  Band  Iviii,  1878,  p.  7L 

*  Frey,  Bflrker'a  Tmnsklion.  1874,  p.  403. 

*  Vircbow'fi  Arcliivv  1866,  Bd.  iixvii,  p.  55, 
'  Mimy  of  Ibo  phenomt^na  of  the  drculdtum  can  he  eottveni^ntly  studiodt  *in^  W^\ 

tice  in  the  u!ie  cif  re<;ording  instrumenrs,  niMnonioter,  fj  t  "     \  >tUm,i 

#!(!.,  olM«ini?d  by  nicuni  of  so  indiH-rubbor  model  of  tht*  u4 

Vy  Dr.  Htithefford^  and  described  in  ibe  Jonrnul  of  Ai^.m,....  ,>„..  i.. .- -.jfol 

vi,  p.  24a 
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2.  Action  of  the  Heart. 

234.  The  Heart  is  endowed  in  an  eminent  degree  with  the  property  of 
Irritability,  by  which  is  meant  the  capability  of  being  easily  excited  to 
movements  of  contraction  alternating  with  relaxation.  Thus,  after  the 
Heart  has  been  removed  from  the  body  and  has  ceased  to  contract,  a  slight 
irritation  will  cause  it  to  execute,  not  one  movement  only,  but  a  series  of 
alternate  contractions  and  dilatations,  gradually  diminishing  in  vigor  until 
they  cease.  The  contraction  begins  in  the  part  irritated,  and  then  extends 
to  the  rest.  It  appears,  however,  from  Mr.  Paget's  experiments,*  that  it  is 
oeoessary  for  the  propagation  of  this  irritation,  that  the  parts  should  be  con- 
nected by  muscular  tissue,  of  which  a  very  narrow  isthmus  will  sufBce;  and 
that  the  propagation  will  not  take  place  if  the  connecting  isthmus  be  com- 
posed of  tendon,  even  though  this  be  a  portion  of  the  auriculo- ventricular 
ring,  which  has  been  supposed  by  some  to  be  peculiarly  efficacious  in  this 
conduction.  Like  the  contractility  of  other  muscles,  that  of  the  Heart  can 
only  he  continuously  sustained  by  a  supply  of  arterial  blood  to  its  own  tissue. 
This  is  shown  not  only  by  the  serious  effects  produced  by  disease  of  the 
coronary  arteries,  but  also  by  the  experiments  of  Erichseu'*  and  Schiff;'  the 
former  of  whom  found  that  ligature  of  the  coronary  arteries  rapidly  pro- 
duced cessation  of  the  movements  of  the  heart,  especially  if  the  cardiac  veins 
were  also  opened;  whilst  the  latter  obtained  a  local  paralysis  of  either  ven- 
tricle, according  as  the  artery  distributed  to  the  one  or  the  other  was  tied.* 
The  contractility  of  the  Heart  is  much  less  speedily  lost  in  cold-blooded  ani- 
mals than  in  warm-blooded;  the  heart  of  a  Frog,  for  instance,  will  continue 
to  pulsate  for  as  many  as  twelve  hours  after  its  removal  from  the  body,  par- 
ticularly if  kept  in  an  atmosphere  of  oxygen,  though  it  ceases  in  a  few  min- 
utes if  immersed  in  Carbonic  acid  gas.*  It  has  further  been  shown  by  Mr. 
Tod,  that  the  irritability  of  the  heart  is  of  great  duration  after  death  in  vefy 
young  animals;  which,  as  was  long  since  demonstrated  by  Dr.  Edwards, 
agrees  with  the  cold-bloo<led  Vertebrata  in  their  power  of  sustaining  life  for 
a  lengthened  period  without  oxygen. 

235.  It  is  difficult  to  account  for  the  long  continuance  of  the  alternate 
contractions  and  relaxations  of  the  muscular  parietes  of  the  Heart,  after  all 
evident  stimuli  have  ceased  to  act  upon  it;  and  many  theories  have  been 
ofiered  on  the  subject,  none  of  which  afford  an  adequate  explanation.®    The 


'  Brit,  and  For.  Med.  Roview,  vol.  xxi,  p.  551. 

«  Lond.  Med.  Gaz.,  184*2,  vol.  ii,  p   501.  «  Arch.  f.  Phys.  Hcilk.,  torn.  ix. 

•  V.  Bczold,  however,  found  that  ligature  of  the  coronaries  produced  but  little 
eflW't  for  a  cnnsiderHble  period  in  rabbits. 

»  Castell,  Muller'8  Archiv,  1854,  p.  226. 

•  The  rhythmical  movements  of  the  heart  may  in  part  bo  accounted  for  by  refjard- 
ing  them  as  an  expression  of  the  peculiar  vital  endowment-*  of  its  muscular  tis.*ue, 
And  aj»  the  ordinary  muscles  of  the  body  may,  under  certain  conditions,  be  conceived 
to  contract  spontaneously  in  consequence  of  being  charged  with  moiiUfif  or  motor 
force  engendered  by  previous  acts  of  nutrition,  so  the  rhythmical  movement^!  of  the 
heart  may  be  due  to  a  simple  excess  of  this  motility,  continually  supplied  by  the  nu- 
tritive operations,  and  as  constantly  discharging  itself  in  contractile  action.  This 
view  is  iiupported  by  cases  of  muscular  action  where  no  nt-rves  are  apparent,  as  in  the 
embryonic  Heart  at  an  early  period,  and  the  hearts  of  the  lower  animals  (the  Tuni- 
cata  for  instance),  and  also  by  cases  of  local  cramp  and  spasm  which  cannot  be  fairly 
attributed  to  a  perverted  reflex  action  of  the  nervous  system.  M.  Brown-Soquard  has, 
however,  attributed  the  intermittent  action  of  the  Heart  and  other  musclos  to  the 
pretence  of  venous  blood  in  their  capillaries,  which  he  believes  to  exert  a  stimulant 
action  <m  muscular  fibre.  (See  Experimental  Kesearches,  etc.,  1853,  p.  114  ;  Comptes 
Rendus,  1857;  and  Journal  de  la  Phy<iol,,  1858,  p.  95  et  seq.)  Dr.  Kadcliffe,  on  the 
other  band,  has  adduced  evidence  to  the  effect  that  the  true  stimulus  to  the  contrac- 
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extniordinaiy  teodency  lo  rhtfikmim!  action^  by  wbich  the  heart  is  ffistiTi- 
g  a  is;  bed  from  nearly  all  otlier  museles,  is  sliowij  by  the  fact,  that  oot  only 
di»  the  entire  hearts  of  cold-blooded  or  of  hibernating  auiaialB  continue  W 
at't  long  after  their  removal  from  the  body,  but  even  separated  jKiriioa^  of 
them  will  coutmct  and  relax  with  great  regularity  for  a  long  time,*  Tbos  j 
the  auricles  will  persist  in  their  rhythm ieal  action^  when  cut  off  alwye  iht 
aurit'ula-ventricular  rings;  and  the  apex  of  the  heart  will  do  the  eame,  when 
separated  from  the  rest  of  the  ventricle.  There  is  str4>Dg  reaj^ii  for  belief* 
lug  that  the  contact  of  the  blood  it^lf  with  the  litjing  meoibmoe  of  the 
Heart  is,  as  Haller  maintained,  the  ordinary  gtimuluti  ineiiiiig  it  to  contract. 
As  already  stated,  Scbweigger-iSeidel  has  observed  a  rich  plexiia  of  ner?^ 
librea  in  this  membmne,  whikt  its  #ei3sltiveoeas  to  metrlmnieai  irriiatlou  was 
inddenrally  shown  by  an  ejcpcnmeut  of  Bernard,- iu  which  the  eoutaciiif 
the  bnlb  of  a  thermometer  with  the  interior  of  the  ventricleii  immediately  in- 
creased the  number  of  puNitions.  Schiff '  and  Budge  *  liave,  moreover,  ahowii 
that  the  action  of  both  auricles  and  ventricles  nipidly  ceases  if  they  af«  pbcell 
on  blotting-paper;  but  that  they  may  be  caUrti  into  aetitm  agaia,  either  bjl 
immersing  them  in  blood,  or  by  dropping  a  little  blood  into  their  cavitici 
And  an  ingenious  expcnment  was  made  by  lluUer  himself,  showing  that  if 
arrangements  are  made,  by  which  either  the  right  or  left  side  of  tht?  Heart 
remains  filled  with  blood,  whilst  the  other  ean  discharge  its  contents  and  ^^ 
mains  empty,  that  side  which  is  stimulated  by  the  presence  of  the  blo<.Mi  con- 
tinues to  heat  rhythmically  long  after  the  movement  of  the  other  has  eeaiscd. 
When  the  irritability  of  the  heart  is  nearly  e;jchatisted^  the  usual  r/iyf/nn  b 
often  a  good  deal  disturbed,  so  that  the  eontmctionsof  the  auricle?  nud  vethj 
tricles  do  not  regularly  alternate  with  each  other;  and  one  st?t  frtHjuenllf 
ceases  before  the  other. 

236.  When  the  Heart  is  exposed  in  a  living  animal,  and  its  niovementiJ 
are  attentively  watched,  they  are  seen  to  follow  each  other  with  gr^at 
larity.  In  an  active  and  vigorous  state  of  the  circulation,  however,  they  art 
80  Jinked  together,  that  it  is  not  easy  to  distinguish  them  into  peritxis;  lx>tli 
Auricles  contraetiutr,  and  also  dilating,  simultaneously;  and  both  Ventridi* 
doing  the  same*  The  ^doie  or  contraction  of  the  Ventricles  corr*s|K»mli 
with  the  projection  of  hlood  into  the  arteri^;  whilst  the  cftMo/e  or  [lilatalioo 
of  the  Veutricled  coincides*  with  the  collapse  of  the  arteries.  The  ccmlr^^* 
tion  of  the  Auricles  and  Ventricles  run  into  each  other,  that  of  the  Auride 
immediately  preceding  that  of  the  Ventricle.  The  entire  periixl  thnl  ialer- 
venes  between  one  pulsation  and  another,  is  nearly  equally  diyifie<i  hetwi^i3 


tirtn  of  the  ITtftrua,  Hciirt,  und  oilier  rliyihmicHUy-Huting  cirijiiu*^  ns  woll  a«  ii»d*'«i  *»(  j 
all  TiTuscuhir  tl^^ui*,  h  [bt»  nfiKrnee  rif  oxygoriMtwl  or  iirtiTiwI  hUfful  (Kfiil#*|rty,  gj  irlil, 
p  20et  st'q. )  J  wbiUt  ilr  P«i£«H  lin*  rndf^Hvored  t**  fXplidn  the  jihurioitirim  t»y  r*fm 
thorn  toftri  iTi1ertiiiiisit>rnn  llm  prrHM'^*:oi:i0f  niiirili^n  (Cpooiunn  Lr'Ltttre*  it^")T}.  * 
V.  Bi.*£nl([,  Ufiti*n?uclL  lib.  d    InnervHtbri  di*%  HfyrKHfi*,   L  Mpj;ij;,  \m^^  atlribui 
COTitriicttloris  to  euntinuiuij;  excitntioDi  nrigineiting  in  the  ciirilijic  exeito-tnot^ry  ^iS* 
glitt,  whit'b  rnt*uiiijg  wilb  ct^nUmious  refiT«i«nci'»  In  lUe  i-Mrdiac  inbibihjpy  j:»i*;jlii— 
only  periodically,  thi»t  i?  to  Miy,  iifu*r  ovi*rc?ijrnLii|/  such  uppi^iljon — nrt  tm  th«*  rDii#*j 
eukr  li*«iuc.     None  «jf  these  theorie*,  however*  i*pp«^ur  to  ajford  o  sufflcient  eipkiHf*] 
liun  of  hH  the  i'm'i*^  aiuj  tho  o^sentiifl  cvusae  of  Ibo  rhylhiiiieal  ncttoii  of  lta»  UtAri^ 
tnuet  «ttll  rem  Eli  n  nn  un^ittved  qui'slion. 

I  KHd,  tntiiM*dj  wn»of  o|>inion  (Cyi?.  of  Annt.  and  Phy*i«logy,  vol.  i?    ^>  *'"     *^-*^ 
tlitf  rbytliiiiicKl  actiorj  of  ihf*  htmrt  in  the  fro^  t.'ov\d  po^yl^tuu^  U\  th<   : 
phy* it'll  1   fttiTniilufii  for  ho  (tUrerviHl  cwntpaeiioaa  liiklne  plncu  pv«»n  in  ^ 
cxpfiHm€*nt*  hiive  been  rcpoHled  on  several  ocea^ion^  with  different  r<^siiiia.  ihe  p«i*« 
llona  rtfiks-iug  on  the  wjlhopuwul  of  the  air,  and  cammendng  MgHif*  **h''ti  It  wm  r«a4t 
initted, 

*  Lemons  sur  le^  Liquidi^  de  VOrganismo,  I8&ft^  p.  12L 

•  Vie^o^dt^s  Arehjv,  1830,  p.  84.  *  Arcbiv  f.  Pby«,  Umlk  ,  m\  p  5fiL 
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the  systole  and  diastole  of  the  Veutricles,  but  the  divisiou  is  very  unequal  as 
regards  the  Auricles;  about  one-fiflh  of  the  whole  being  occupied  in  their 
contraction,  and  the  remainder  being  taken  up  by  their  dilatation/  The 
following  tabular  view  will  perhaps  make  the  relations  of  the  several  parts 
of  this  series  more  intelligible: 

AuRiGLxs.  Ybntriclkb. 

^  f  Dilatation.  Contraction.  f 

»  \  Continued  Dilatation.  First  stage  of  Dilntation,     ^  , 

}    Contraction.  Second  stage  of  Dilatation,  j  ^ 

In  some  very  careful  experiments,  Bonders'  ascertained  that  in  different  per- 
mma  in  whom,  when  at  rest,  the  pulse  varied  from  74  to  94  per  minute,  the 
duration  of  the  systole  of  the  ventricles, — i.  e.,  from  the  commencement  of  the 
first  to  the  commencement  of  the  second  sound — varied  from  0.327  to  0.301 
of  a  second,  and  that  it  constituted  from  40.6  to  45.6  per  cent,  of  the  time 
oocnpied  by  an  entire  cardiac  revolution.  In  a  man  whose  pulse  was  only 
32  per  minute,  the  duration  of  the  ventricular  action  was  still  0.307  to  0.325 
of  a  second,  though  its  proportion  to  the  whole  revolution  had  fallen  to  about 
18  per  cent.  From  whence  it  appears  that  the  duration  of  the'  activity  of 
tbe  Ventricles,  determined  by  the  ganglia  of  the  heart  itself,  is  independent 
of  the  duration  of  the  entire  cardiac  revolution,  which  is  regulated  by  the 
Pneumogastrics.'  The  systole  and  diastole  of  the  heart  are  represented  in 
Figs.  120,  121  (p.  300)/  An  entire  cardiac  revolution  may  be  described  in 
the  following  terms,  commencing  with  the  systole  or  contraction.  The  Auri- 
cles and  Ventricles  are  both  filled  with  blood,  which  has  flowed  into  them  from 
Ihe  veins.  The  Auriculo-ventricular  valves  are  open,  and  the  arterial  valves 
(both  aortic  and  pulmonary)  are  perfectly  closed.  A  sudden  contraction  of 
the  Aaricles  now  takes  place,  commencing  at  the  entrance  of  the  great  veins, 
and  extending,  without  appreciable  pause,  over  the  ventricles.  By  the  con- 
traction of  the  Auricles  a  portion  of  their  contained  blood  is  discharged  into 


'  See  Marey,  Circulation  du  Sang,  Paris,  1863,  p.  68. 

*  Nederlandfch  Archief  voor  Genees-  en  Natuur-kunde,  1866,  p.  139,  of  which  paper 
ft  full  transhition  is  to  be  found  in  the  Dub.  Quart.  Journ.,  vol.  xlv,  p.  225.  Seo  also 
■ome  estimates  by  Landois,  Henle  and  Meissner's  Bericht,  1866,  p.  411. 

*  See  Sibson,  Medical  Anatomy,  1869,  and  the  instructive  papers  by  Dr.  Halford, 
now  Prof,  of  Pbyeiolojjy  at  the  'Univ.  of  Melbourne,  On  the  Times  and  Manner  of 
the  Closure  of  the  Auriculo-Ventricular  Valves,  and  On  the  Movements  and  Sounds 
of  the  Heart,  Lond.,  1R61 ;  also  Pettigrew's  Lectures  on  the  Physiology  of  the  Cir- 
culation, Kdin.  Med.  Journ.,  1878. 

*  Tbe  outlines  of  the  cavities  of  the  heart,  and  the  {^reat  vessels,  are  here  indicated. 
Mi  the  end  of  the  systole  of  the  heart,  by  continuous  lines — at  the  end  of  the  diastole  by 
iDterruptcd  or  dotted  lines.  (The  drawing  and  descriptions  are  taken  from  Dr.  Sib- 
ton's  admirable  treatise  on  Medical  Anatomy,  1869,  Col.  73.  The  dotted  lines  are 
leu  accurato  than  the  interrupted  lines.)  The  systolic  movements  are  everywhere 
shown  by  arrows,  the  extent  of  the  movements  being  marked  by  the  length  of  the 
ftrrowff.  As  it  is  more  difficult  to  watch  and  measure  the  movements  of  the  heart 
from  tbe  side  than  from  the  front,  the  side  view  (Fig.  2)  is  not  so  accurate  as  the 
front  view  (.Fig.  1).  Briicke  (Vorlesungen,  1874,  p.  172),  whose  experiments  were 
made  by  im()lanting  needles  into  the  hearts  of  rabbits,  and  watching  the  reversed 
motions  of  the  heads,  maintains  that  all  parts  of  the  ventricles  move  downwards  in 
systole  with  the  exception  of  the  apex,  the  amount  of  movement  increasing;  from  be- 
low upwards.  Halford  (op.  cit.)  believes  the  apex  of  the  heart  is  drawn  up  towards 
tbe  base,  but  nevertheless  undergoes  less  change  of  position  than  any  other  jiart,  its 
upward  movement  being  neutralized  by  the  descent  of  the  whole  heart  occasioned  by 
the  elastic  recoil  of  the  great  vessels  springing  from  the  base.  A  condition  of  active 
dilatation  has  been  admitted  by  many  writers;  there  seems  reason  to  believe  that 
what  gives  rise  to  this  impression  is  partly  occasioned  by  the  injection  of  the  coronary 
arteries.     See  A.  H.  Garrod  in  Nature,  Feb.  19th,  1874. 
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Iricles  is  completed,  a  sudden  movement  of  relaxation  takes  place  similar  to 
that  of  an  elastic  bag  when  released  from  pressure,  and  this  is  followed  by  a 
brief  interval  of  complete  rest;  during  which  both  Auricles  and  Ventricles  are 
rmpidlj  filling  with  blood ;  contraction  then  again  recurs.  During  the  systole 
the  heart  becomes  more  globular,  or,  perhaps  more  correctly  speaking,  more 
conical  in  form.  The  chief  movement  observable  in  the  Auricles  is  the  sud- 
den retraction  of  the  appendices,  which  almost  instantly  become  refilled  with 
blood  as  the  ventricles  contract.  The  contraction  of  the  two  ventricles  seems 
to  take  place  simultaneously  towards  a  centre  or  point  of  rest,  which  in  the 
right  ventricle,  where  the  action  b  most  easily  observed,  is  situated  about  the 
middle  of  its  length,  near  the  septum  and  opposite  the  attachment  of  the 
anterior  papillary  muscle  (Sibson).  The  base  of  the  heart  descends  rather 
more  than  the  apex  ascends.  There  is  a  slight  twisting  movement  of  the 
whole  heart  during  the  systole,  both  on  its  longitudinal  and  on  its  transverse 
axis.  By  its  rotation  on  its  transverse  axis  the  apex  of  the  heart  is  tilted 
forwards ;  by  its  rotation  on  the  long  axis  the  left  ventricle,  which  during 
the  diastole  looks  backward,  is  turneid  forwards.  The  combination  of  the 
two  movements  gives  to  the  apex  a  twisting  movement  from  left  to  right  and 
forwards.  The  apex  beat  is  felt  between  the  5th  and  6th  ribs,  and  is  caused 
by  a  part  just  above  the  apex.  In  the  act  of  contraction  the  heart  may  be 
felt  to  become  hard.  During  the  diastole  the  heart  undergoes  a  change  in 
form,  the  converse  of  that  which  has  been  above  described.  The  impulse 
is  felt  over  every  part  of  the  Ventricles  during  their  contraction,  but  most 

Fio.  122. 


forcibly  over  their  centre.  The  experiments  of  MM.  Chauveau  and  Marey,* 
with  a  peculiar  form  of  Cardiograph,  represented  in  Fig.  122,  in  which  levers 
of  extreme  lightness  register  the  undulations  of  the  air  contained  in  elastic 
sacs  applied  to  the  surface  of  the  Heart  and  Thorax,  show  clearly  the 
sequence  and  duration  of  the  movements  of  the  Auricles  and  Ventricles,  and 
the  coincidence  of  the  impulse  with  the  contraction  of  the  Ventricles  (Fig. 
124).  The  Cardiograph,  as  modified  by  Sanderson,  consists  of  a  hollow  disk 
of  brass,  the  front  of  which  is  closed  by  a  thin  india-rubber  membrane  called 
a  tympanum.  To  the  brass  back  a  flat  steel  spring  is  screwed,  which  is  bent 
twice  at  right  angles  in  such  a  way  that  its  extremity  is  opposite  the  centre 
of  the  tympanum.     The  extremity  is  perforated  by  a  steel  screw,  the  point 

*  Annul,  dea  Scien.  Nat.,  4th  p^r.,  Zool.,  toni.  xvii,  p.  374;  and  Mem.  do  la  Soc. 
dc  Biol.,  si^r.  iii,  torn,  iii,  pt.  ii,  1802,  p.  1.  For  other  Cardiof^raphic  tracings  and  ac- 
CHHinte  of  the  ini^trumcnts  employed,  soc  A.  H.  Garrod  in  Journ.  of  Anat.  and  Phys., 
Xuf.  1870,  and  Rutherford's  lectures  in  Lancet,  1871-72. 
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Fig,  m. 


of  which  rests  on  the  meiiibni»e,  whilst  il^  head  is  suntioimted  hy  ao  ivorr 
knab.     The  tjmp&tium  is  pn>vidt?d  with  three  ndjusting  screw*^]^  by  whicli 
when  in  use  it  rests  on  the  wall  uf  the  chest  with  iu  face  parallel  to  the  mi- 
faee,  autl  caa  be  approximated  or  with  drawn  a  I  wiJl, 
The  cavity  of  the  disk  communicatei  by  a  vcdeaaiied 
india-rubl)«r  tube  with  a  secund  tympanuni  represented 
by  b  in  Fig,  123,  in  such  a  way  that  the  two  tympaiui 
and  the  tube  inclose  an  air-tight  cavity.     ThemovemeBl 
of  the  second  tympanum  is  magnified  and  ioscribed  oat 
reentering  cylinder  by  a  lever.     The  causae  of  the  ina* 
pulse  acconHng  to  Sibson  are^  fint,  the  rigidity  of  ibe 
muscular  walls  during  contraction;  secondly^  a  lever 
movement  forward,  due  to  the  thickening  of  the  muscle, 
which  occurs  during  contraction,  being  res^isted  by  iliel 
fibrous  bed  of  the  pericardium  on  which  the  heart  ns^U;! 
and  lastly,  to  the  outward  pressure  of  the  hhuHl  in  tkf 
ventricles  on  the  walls  by  which  it  is  expelled,  and  (hrow|!il 
those  walls  on  the  ribs  and  intercostal  spacer.     The  me] 
ehanical  force  put  forth  by  the  heart  is  wonderfully  jg^n«i.| 
Houghton*  ^ti mates  the  total  daily  work  of  both  Ven- 
tricies  at  1*24/208  foot-tons,  or  admitting  the  weiiihl  i^fl 
the  heart  Xo  be  nine  ounces,  it  is  capable  of  raii^ing  -i^^TOT 
pounds  one  ft)Ot  in  height  per  minute  for  every  tmncL»uf| 
it4J  weight,  wblfb  considerably  exceds  the  work  doaebjf 
the  musclt'H  in  a  boat  race,    I)r.  Andrew  Buehaimu/  pru- 1 
eeeding  upon  somewhat  different  data,  estimates  tlip  (\3ttt\ 
exerted  by  the  heart  per  diem  to  be  42*3  fooMons  itt  ibe 


Fli>.  124. 


Tu  thi?,  trjirii)^  o  rt'piffscoTi  thn  nhort  ttinl  mli^nipt  rnnUu  ^url 

de«  whiali  fihint^Iutt iy  |irt't:t'<k'a  (he  more  ctiargcHc  utM   , ^  cm 

truortun  of  Hji^  Vcnlf-icleji,  repri-aftDtitl  l>jf  Oi«  Itwe  f.    TUe  Unmr  ilimitt  [fat 
tuipulnu  uri1u'<  llL'firt  lo  b(?  L-uliMldt^Jil  wJHi  th«  VeulHciUmr  ivtitJULliuo. 

twenty-four  hours.  Helmholta"  calculat^ss  that  the  heart 
can  raise  it-s  own  weight,  through  20,250  feel  luonrhonr, 
and  Ranke  *  estimates  that  the  tt^rce  develojjtnl  by  the  Ven- 
tricle alone  amounts  !o  64,800  ki  log  rani  nie^  [>er  diea»» 
or  that  it  would  be  sufficient  to  raise  142^500  lli*.  avoir* 
through  the  space  of  39*37  inches;  the  force  of  the  Higbt 
Ventricle  he  estimates  at  one-third  of  ibe  above*  Whichever  ecttimate  w 
taken  the  power  exerted  is  enormous,  and  greatly  ill  excess  of  any  effurt  of 


*  Principle*  of  Animul  MeHuuiica,  1873,  f, 
'  Lani^t,  1870,  vol.  ir,  p.  mUk 

*  GrundEflge  der  Fhysiologle,  186t,  p.  332. 


145. 

*  H^.  TimM  and  Ovx.,  1SQ4,  p  Mfi. 
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the  muscles  under  the  control  of  the  will.  According  to  M.  Marey,  each 
Bjatole  of  the  heart  is  accomplished  by  a  single  shock  or  blow,  and  not  by  a 
aeries  of  £hocks,  as  in  the  case  of  the  muscles  of  animal  life.  The  duration 
of  the  shock  in  the  case  of  the  heart  of  the  frog  is  as  much  as  fifteen  times 
longer  than  that  of  the  ordinary  striated  muscle. 

i^7.  The  course  of  the  circulating  fluid  through  the  Heart,  and  the  action 
of  its  diflTerent  valves,  will  now  be  briefly  described. — The  Venous  blood, 
which  is  returned  by  the  ascending  and  descending  Vena  Cava,  enters  the 
rwht  Auricle  during  its  diastole,  on  the  contraction  of  which  it  is  propelled 
through  the  tricuspid  valves  into  the  Ventricle,  which  thus  becomes  com- 
pletely distended.  The  reflux  of  blood  into  the  veins  during  the  auricular 
STStole,  is  impeded  by  the  contraction  of  their  own  walls,  and  is  limited  on 
the  right  side  by  the  valves  placed  at  the  junction  of  the  jugular  and  sub- 
clavian veins ;  but  these  valves  are  so  formed  as  not  to  close  accurately, 
especially  when  the  tubes  are  distended  ;  so  that  a  small  amount  of  reflux 
usually  takes  place,  and  this  is  much  increased  when  there  is  any  obstruc- 
tion to  the  pulmonary  circulation.  Whilst  the  right  Ventricle  is  contracting 
upon  the  blood  that  has  entered  it,  the  carnece  columncB,  which  contract 
simultaneously  with  its  proper  walls,  put  the  chordcn  tendinecd  upou  the 
stretch,  preventing  the  flaps  of  the  Tricuspid  valve  from  being  driven  back 
into  the  auricular  cavity.  The  blood  is  now  expelled  by  the  ventricular 
systole  into  the  Pulmonary  artery,  which  it  distends,  passing  freely  through 
its  Semilunar  valves;  but  as  soon  as  the  vis  a  tergo  ceases,  and  reflux  might 
take  place  by  the  elastic  recoil  of  the  arterial  walls,  the  valves  are  filled  out 
by  the  backward  tendency  of  the  blood,  and  completely  check  the  return  of 
any  portion  of  it  into  the  ventricle.  The  blood,  after  having  circulated 
through  the  lungs,  returns  as  Arterial  blood,  by  the  Pulmonary  Veins,  to 
the  left  Auricle ;  whence  it  passes  through  the  Mitral  valve  into  the  left  Ven- 
tricle, and  thence  into  the  Aorta  through  its  Semilunar  valves.  In  the 
same  manner  with  that  on  the  other  side,  as  just  described.* — There  is  a  well- 
known  anatomical  difference  between  the  auriculo-ventricular  valves  on  the 
two  sides,  which  has  given  rise  to  the  diversity  of  name ;  and  this  seems, 
from  the  researches  of  Mr.  King,"  to  be  connected  with  an  important  func- 
tional difference.  The  Mitral  valve  closes  much  more  perfectly  than  the 
Tricuspid;  and  the  latter  is  so  constructed  as  to  allow  of  considerable  reflux, 
when  the  cavities  are  greatly  distended.  According  to  Dr.  Flint,'  an  equally 
well-mark e<l  difference  in  sufficiency  also  exists  between  the  arterial  semi- 
lunar valves  on  the  two  sides,  the  closure  of  the  pulmonary  being  much  less 
perfect  than  the  aortic.  Many  occasional  causes  tend  to  produce  an  accu- 
mulation of  blood  in  the  venous  system,  and  in  the  right  side  of  the  Heart; 
thus,  feny  obstruction  to  the  pulmonary  circulation,  cold,  compression  of  the 
venous  system  by  muscular  action,  etc.,  are  known  to  favor  such  a  condition. 
This  is  a  state  of  peculiar  danger,  from  a  liability  which  over-distension  of 
the  Ventricular  cavity  has  to  produce  a  state  of  muscular  paralysis  ;  and  in 
the  structure  of  the  Heart  itself  there  seems,  as  just  stated,  to  be  a  provision 
against  it.  For,  when  the  ventricle  is  thus  distended,  the  Tricuspid  valves 
do  not  close  properly ;  and  a  reflux  of  blood  is  permitted,  not  only  into  the 
Auricle,  but  also  (through  the  imperfect  closure  of  their  valves  under  the 
same  circumstances)  into  the  large  veins.  This  is  proved  by  the  fact,  sev- 
eral times  observed  by  Dr.  J.  Reid  in  his  experiments  upou  Asphyxia,  etc., 
that  when  the  action  of  the  right  veutricle  had  ceased  from  over-distension, 


*  For  a  full  account  of  th«  mechanism  f)f  the  Semilunar  valves  of  the  Heart, 
Oradini,  abstract  in  Central blatt,  1872,  pp.  123  and  i:i5. 
»  Guy's  Hospital  Reports,  vol.  ii.  »  Physiology,  186G,  p.  203. 
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lie  could  frequently  re-excite  it,  not  merely  hy  pimcturiiig  its  walla,  bfl 
inakiog  an  tipening  in  the  jugulnr  vein/     Tbii?  laet  eviJeritly  a0urt!i*  i 
dieaticin  of  great  importance  in  the  treatment  of  Asphyxia;  mid  il  rji:|iUia 
the  reflux  of  blood,  or  venous  ptikt\  which  is  frequently  o  bier  vet!  in  cm? 
pulmonary  disease,  and  which,  according  to  Mr,  King»  always  exbLs 
iu  health,  though  in  a  less  striking  degree.* 

238.  When  the  ear  is  applied  over  the  cartliac  regie ju,  during  tJie  umiural 
movements  of  the  Heart,  two  Kuccesflive  mundif  are  heard,  each  ^lair  af  mhitk 
correi«pr)nds  with  one  jvulmtion :  iliere  is  aba  an  iw/*T-m/ 1>/  minuet  betiiiRS 
each  recurrence,  and  the  sound  that  iinniediaiely  follows  this  mN 
known  as  the /r^f  i^ouud,  the  other  vl^  the  Hcmnd. — ^The /f*>^  sound 
ami  prohjnged,aud  is  hmrd  all  over  the  left  ventricla  with  tn^ual  iutea 
it  U  evidently  Bvuchrouons  with  the  ini pulse  of  the  Heart  agair 
panete^  of  the  chestt,  and  alf*o  witli  the  pulse,  as  felt  ni*ar  the  heart: 
muwt,  therefore,  l>e  prtniuced  during  the  Ventricular  Bystole.— The  ^^^rmd 
souud,  which  is  short  and  sharfC  ftjUowi*  so  immetliately  npvn  tl  -^^n 
of  the  tift^t,  that  it  cannot  take  plac-e  during  the  anricnlar  &yr" 
has^e  sujjpiiT^cd,  hnt  mtifit  he  assigned  to  the  first  stage  of  the  vent 
dia^lule,  when  the  auricles  also  are  dilating.— With  regard  to  the  f*h 
duration  of  the  tun  mumh^  and  of  the  mtcrvai^  widely  differeot  e&tin 
have  heen  formed.  Thus  Laennee  eonsidertd  the  lengths  of  the  |wMit)d*i 
sound  and  silence  to  be  respective! v  f  and  i  of  the  whole  interval  bf!lirp*ii 
one  pulse  ami  another;  by  Dr.  Williams^  and  by  Barth  and  Jiogrr,  the 
relative  lengths  of  these  periods  have  been  estimated  at  i  and  i  ;  wbikt  the 
experiment  *jf  Vofkmann*  (made  by  adjusting  two  pendulutus  to  Tlbmtirpit* 
cisely  iu  the  two  periods)  indicates  that  they  are  almost  exactly  equal. 

239.  The  causes  of  the  sounds,  and  more  especially  of  the  fir^t,  have  beoJ 
the  subjects  of  much  discussion.  A  number  of  very  distinct  actions  «re 
taking  place  during  the  jjeriod  of  the  production  of  the  latter;  and  each  of 
these  has  been  separately  fixed  on  as  competent  to  pnM!n*'e  it,  Thit*  we 
have  (1)  the  impulse  of  the  heart  against  the  parietes  of  the  «  iW 
contraction  of  the  muscular  walls  of  the  v^entricles;  (3)  the  r  -  -hI 
through  the  narrowed  orifices  of  the  aorta  and  pnhiionary  artery  ;  j4i  tlw* 
general  molecular  collision  of  the  particles^  of  the  bhwHi  nmonj^st  each  i^ihcr, 
and  their  friction  against  the  walls  fd*  the  ventricles;  io)  the  sudden  o4- 
lision  of  the  stream  of  blood  isa*uing  from  the  %'entricles  with  the  coluroo  *>( 
bhiod  at  re.^t  on  the  semilunar  valves  of  the  aorta  and  piihnonnry  artery: 
(0)  the  friction  of  the  heart  agaiiifft  the  pericardium  ;  (7)  the  vihratioti  V 
the  walliJ  of  the  ehes^t  from  the  sudden  rigidity  an<l  pressure  of  the  hen  it ; 
and  \,B}  the  sudden  tension  of  the  valves  of  the'anncuh>ventri'    ' 

An  experiment  made  by  Dr,  Halford  would  seeuK  at  first  si^ 

the  first  two  of  the  above-mentioned  events  to  be  at  once  disini^Mrd*  Ai^u^t' 


*  Phys-fol  ,  Anntom.,  »nd  PiithoL  Ro^eii relies,  chnyt.  iii. 

•  Dr'  Hi.>rb*.Tt  Davies  |  PnM!+j?i*d.  Ruy.  :5w.»  No,  U8, 1870,  tind  pnmphM)  mninUiii* 
that  tli^  lour  chief  urlfiees  of  the  heart  nre  drculur  in  torm  And  c^octftitni  to  urcs 
during  the  entire  periudi  of  (y^tolo  nr>d  diastole,  and  thiit  they  be&r  itn  (»x«Mn  tnat!i«' 
tUMiicnl  retMtion^hip  to  e*ich  olhefi  expressed  ty  the  farmuU — 


Area  of  trlcuipid 


Area  of  pulmoEiie 


Area  of  milrsl 


Are*  of  mortic 


hut  his  canetudone  hnve  buvn  controverted  on  m»thdmat}c»l  grounds  tj  Ur,  Trotm^l 
Jotirn.  uf  Anal.,  ISW,  p  2im,  ^       | 

•  The  di6V  rencc  ht*tweeTi  ihe*e  two  iounds  ia  well  e}ipi-(!saed  (fti  Dr.  C.  J*  B^WUluiiDf 
hhs  ^f^mRrkt^d)  by  ArticuULing  the  8yl1tfble#  lubb,  dUp« 

*  Die  H&mi>dyQ«mikf  nacb  Veraueben,  p.  364. 
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dog  was  chloroformed,  and  the  heart  being  exposed,  its  movements  were 
maintained  by  artificial  respiration.  In  this  state,  the  sounds  being  plainly 
audible,  the  superior  and  inferior  venae  eavoe,  and  the  pulmonary  veins,  were 
suddenly  compressed,  so  that  the  current  of  blood  into  both  ventricles  was 
arrested :  "  The  heart  continuing  its  action,  a  stethoscope  was  again  applied, 
when  neither  first  nor  second  sound  was  heard  ;  after  a  short  space  of  time 
the  veins  were  allowed  to  pour  their  contents  into  both  sides  of  the  heart, 
and  both  sounds  were  instantly  reproduced.  The  veins  being  again  com- 
pressed, all  sound  was  extingushed,  notwithstanding  that  the  heart  con- 
tracted vigorously."  Excellent  observers,  however,  as  Ludwig  and  Dogiel, 
Sibeon  and  Broadbent,  maintain  that  though  much  reduced  in  intensity  the 
first  sound  is  still  audible  during  the  contractions  of  an  empty  heart.  It 
must  not  be  overlooked  that  the  susiirrt^  of  ordinary  muscles  is  due  to  the 
vibration  into  which  they  are  thrown  during  contraction,  whilst  Marey  has 
shown  that  when  the  heart  is  excited  to  contract  the  shortening  of  the  fibres 
is  a  single  and  sudden  act.  In  regard  to  the  third  event  considered  as  a 
cause,  it  has  been  well  remarked,*  that  there  is  no  abrupt  contraction  of  the 
passages  through  which  the  blood  flows  from  ventricles  to  vessels ;  and  it 
may  be  added,  that  there  would  be  no  sound  if  there  were ;  sound  being 
only  produced  at  that  point  in  a  vessel  conveying  a  stream  of  fluid,  whei-e  a 
Budden  enlargement  occurs.  In  regard  to  the  fourth  event,  strongly  advo- 
cated as  a  cause  by  Sibson  and  Broadbent,  it  may  be  argued  that  during 
other  periods  of  the  heart's  rhythm,  such  collision  produces  no  sound,  as  in 
the  passage  of  the  blood  from  the  auri(;Ies  to  the  ventricles;  and  in  reference 
to  the  fifth  cause,  which  has  been  advanced  by  Dr.  Leared,  it  appears  from 
Dr.  Halford's  experiments,  that  at  the  moment  when  the  systole  of  the  ven- 
tricle is  about  to  take  place,  the  active  and  passive  columns  of  blood,  or 
those  below  and  upon  the  semilunar  valves,  are  not  separated  by  any  space; 
that  there  is  no  propulsion  of  the  blood  from  a  distance  against  the  passive 
column,  but  that  when  the  ventricles  contract,  the  fluid  pushes  open  the 
valves  and  communicates  its  force  to  the  column  in  the  vessels,  a  circum- 
stance which  does  not  appear  likely  to  be  accompanied  by  much,  if  any 
sound.  The  sixth  and  seventh  events  doubtless  materially  aid  in  the  pro- 
duction of  the  first  sound,  and  on  the  whole  its  chief  factors  appear  to  be 
the  sudden  tension  of  the  auriculo-ventricular  valves,  and  the  contraction 
of  the  muscular  walls  of  the  ventricle,  aided,  as  just  stated^  by  the  vibration 
of  the  walls  of  the  chest,  and  the  friction  of  the  heart  against  them.* 

240.  That  the  second  sound  is  produced  in  the  act  of  clo.sure  of  the  Semi- 
lunar valves,  is  now  almost  universally  admitted  ;  the  sim[)Ie  hooking  back 
one  of  these  valves  by  a  curved  needle  against  the  side  of  the  artery,  so  as  to 
permit  a  reflux  of  blood  into  the  ventricle,  being  sufliicient  to  suppress  this* 
sound  altogether.  Whether  it  proceeds  from  the  tension  of  the  valves  them- 
selves, or  from  the  recoil  of  the  blood  against  them,  or  from  both  causes  com- 
bined, has  not  been  clearly  determined ;  probably  the  last  is  the  true  account 
of  it. — When  the  first  sound  is  altered  by  disease  of  the  semilunar  valves, 
occasioning  obstruction  to  the  exit  of  blood,  the  second  sound  also  is  affected 


»   By  a  writer  in  Dip  Med.-Chir.  Rev.,  April,  ISfiO,  p   354. 

•  Billing's  rrmarks  upon  this  subject  in  his  Principles  of  Medicine.  Halford's 
pamphlet.  On  the  Sounds  of  the  Heart,  and  the  observations  of  Sibson  and  Broadbent 
in  Sit>!i4)n's  Medical  Anatomy,  are  deserving  of  careful  perusal.  For  some  excep- 
tional fitatements,  as  that  the  second  sound  is  due  to  a  contraction  of  the  auricK's,see 
Paton,  On  Sounds  of  Heart,  in  Dub.  Quart.  Journ.,  vol.  xcix,  p.  8i  et  seq.  The 
various  treatises  on  practical  njedicine  and  auscultation  may  also  be  referred  to.  Dr. 
Dungli«on,  Human  Physiology,  vol.  i,  1850,  p.  81*7,  has  tabulated  the  opinions  of  a 
Urge  number  of  authors.  They  exhibit  an  extraordinary  amount  of  discordance 
upon  a  matter  of  pure  observation. 
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in  itn  character ;  and  if  the  disease  be  of  such  a  kitid  as  to  jir  ^  vdnti 

from  effectually  tdositig,  a  reflux  of  bbcxi  takt*3  |ilaee  into  tli  :  kaillie 

time  of  its  diastole,  aiusing  a  rushsog  sound  that  U  tiuidogom  tci  the  otdi&ii^ 
li  rs t  so  u  n  d ,  o  r  to  s 0  me  o  f  i  t5  mod  i  fi  ca  tlmm,  T  li  u^  I  h  e  gccon d  s<* u  n . !  i  n  a  v  notn^ 
to  acquire  so  completely  the  ehamcter  of  the  fii^t,  that  it  is  ih  it- 

tinguish  the  two  iu  any  other  way,  than  by  the  synch ronous«e^->  .-i  ...c  tn; 
witli  the  heart's  stroke  and  with  the  pube  io  the  arterietj, 

241.  In  regartl  to  the  influence  of  the  Nervous  system  upon  tlie  Heitt,i 
there  is  abundant  evidence  to  ghow  that  its  movements  may  be  poweffuUrl 
affected  by  causes  acting  either  upon  the  Ceiehro-spiual  or  upon  the  Syiii|»»^ 
tbelic  system  ;  and  whilst,  upon  the  one  hand,  the  energy  and  force  of  itfi<xm* 
tracUons  may  be  augmented  by  stimuli  applied  to  these  centras^  it  ftppcsiis  to 
be  well  ascertained  that  the  Pueumogastric  ner^'es,  originating  in  the  Mcdalk 
ohIongatA,  may  be  the  means  of  conveying  an  influence  of  a  preci^clj  ooo* 
trary  nature,  serving  to  inhibit,  restrain,  or  regulate  the  Cardiac  movfnjmt*. 
The  fact  that  the  Heart  will  continue  to  beat  afler  its  removal  from  : 
or  after  the  ^radnai  removal  of  the  whole  Cerebni  spinal  axis^  esp^ 
the  flow  of  blijod  through  the  Lungs  be  kept  up  by  artificial  m^piniuon,' i« 
well  as  the  existence  of  aneucephalic  monsters  which  possegs  si  regtitarlf 
pulsating  heart,  clearly  show  that  this  organ  is  not  exclusively  or  emmiMi 
ilependent  upon  the  central  nervous  system  for  the  continuance  of  \is  rhylK* 
inical  action.     Its  movements  under  these  circumstances  must  be  reganlwl 
as  automatic,  and  governed  by  the  Cardio-motor  ganglia  distributeil  through  i 
its  substance*    On  the  other  hand,  the  well-known  effects  of  mental  em(i>tioii»l 
and  of  sudden  and  severe  injuries  of  either  the  Sympathetic  or  Ci&rebro-spiiiid  I 
system  upon  tlie  Heart's  action,  prove  with  equal  certainty  thnt  iu  iif  iio*i| 
may  be  influenced  through  nervous  fibres  in  connection  with  tbtJ^  cuntrc*. 

*IV1.  Excito'  or  Otrdio-mohr  System  of  the  Heart — ^The  careful  d  is-aertinni 
made  by  Kemak»^  Bidder,*  Lee,*  Beale,^  and  others,  have  showu  tli  ; 
small  ganglia  and  nerves  are  very  generally  distributed  through  the  > 
of  the  heart  in  the  Prog,  special  collections  of  ganglia  are  fcmml  in  Uirf^l 
places:  the  first,  known  as  the  gunglimi  of  Eeinak,  is  placed  near  the  opraiug^ 
of  the  interior  vena  cava ;  the  second,  termed  the  gantjllon  of  Blddrr^  U  im- 
bedded in  the  left  auriculo-veutricular  septum;  and  the  third,  or  ^an^tiomtf 
Lndwitj^  liGs  in  the  interauricular  septum.     The  relation  bet>veen  the  ulti-J 
mate  nerve-fibres  and  the  muscular  fibres  has  not  been  sati^tkctorily  mttdftl 
out.     The  ahove-named  ganglia  do  not  ap[)ear  to  have  the  same  function,,] 
and  an  experiment  devised  by  Stan ui us*  seems  to  show  that  the  first  two  4mJ 
excitor^  or  cardio*mo£or  centres,  whilst  the  last  is  an  iuhibitorv  centre:  hr\C 
the  heart  be  so  divided  that  one  segment  shall  contain  the  gangii'  ■         '* 
whilst  the  other  part  contains  the  ganglion  of  Bidder  and  Ludu 
will  continue  to  beat  rhythmically,  whilst  the  latter  remains  m 
if  this  last  segment  be  so  divided  as  to  jH^parate  the  auricles  from  : 
the  former  commence  to  beat,  whilst  the  latter  remains  quiescent, 
thu.ii  appear  that  rhythmical  impnUcs  origiunte  in  the  ganglia  of  H  < 
Bidder,  which  excite  the  muscular  fihre:^  of  the  hcjirt  to  corrcspoudiog  cn«* 
tractions*,  whibt  the  ganglion  of  Ludwig  acts  as  an  inhibili^ry  i*r  rest  mining  1 
centre.    It  is  right  to  add  that  a  different  mode  of  esplaitiing'ihc  phenotneoft 


'  See  tho  Eiperlment*  of  Dr.  WiUon  PlnJrj^,  Kxp^rinK^nul  I  inquiry,  i^rc,  p.  fi4.    | 
'  Mailer's  Archiv,  1H44.  p.  4(i3.         *  Arcli.v  J.  Aflttt.  und  Pb^vtlut,  \mS,  p,  I       1 

*  Pljilo^oplncal  Triif»*ftctii»ns^  1869. 

*  fiimft,  Journ,  of  Mt4=ro*cop,  Sci,,  Apfil,  ISCO;  see  nlao  FfiedlAoder,  tJateri. «  d. 
riiyxtMl,  Labor  in  Wur^bilrg,  18+17 j  stud  i^ijhwf*lg^<?r-8eidel  in  Strieker '#  Hum.  itnd 
Uniiip.  lli.^tok^ijyt  vot  i,  1870  j  Art.  Huiin,  n.  2(^0. 

■  Zwei  K^ihcH  Pbys.  Verfuch.,  liSL 
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.  ed  in  theee  sectioDs  has  been  proposed  by  Eukhard  and  Bidder,  aad  bj 
^.IHidiae]  Foster.  Eckhard  atia  BitMer,  observing  llmt  the  luovemenU 
culled  forth  hf  the  lai?it-raentioued  divisiiou  Boon  cease,  attribute  them  not  to 
iht?  Action  of  spoDtaueou.sly  acting  gauglia,  but  merely  t^i  irriutiow  of  the 
accelerating  fibres  and  ganglia,  and  this*  is  supported  by  the  fact  that  Stan- 
uius'b  ex{>erinieQt  will  succeed  when  the  inhibitory  centres  are  paralyzed  bj 
nirupiDe^  Dr.  Foster*  again  believes  that  the  iutracartliac  gauglia  of  the 
bean  exert  a  eontinuons  inflnctiee,  and  that  the  rhythmical  action  h  due  Uj  a 
peculiarity  of  the  muscular  ti^ne.  The  canlio-niotor  sya^tem  of  nerves  rep- 
nesented  in  the  figure  on  p.  310,  which  h  purely  diagrammatic,  by  a  single 
eieJlate  ganglion,  receiving  and  giving  off  afferent  or  excitor  and  efferent  or 
motor  nervesj  may  be  ercikd  by  mechanicaij  eAemiw^,  electriCf  and  tAermw 
stimuli.  Bernard,  for  example^  observed  accel  era  Lion  of  the  heart*e  beats 
when  the  bulb  of  a  thermometer,  introduced  through  the  superior  vena  cava, 
touched  the  eudocartltum ;  and  a  similar  effect  was  noticed  (in  Mammals  at 
le&^t,  though  the  opiK>site  occurred  in  coldblooded  animals)  by  Ludwig  when 
the  bltMKl- pressure  was  increased.  Again,  the  presence  of  blood  or  serum  iu 
the  charaljers  of  the  heart  greatly  prolongs  its  activity,  partly  by  Us  mechanical 
excitation,  but  partly  also  by  affording  nutritive  materials  and  a  supply  of 
oxygen .  T  he  h  ea  rt  m  ay  be  te  m  po  r a  r i  1  y  a  r  r es  ted ,  e  v  e  n  d  u  r i  n  g  1  i  f e ,  by  a  s t ron  g 
eKpi ration,  which  appean  to  act  b}' ejecting  the  compression  of  its  walls, 
anil  [Jteventitig  the  entmnt^e  of  fre.sh  blood,  tliougli  perhaps  other  causes  here 
co-o{>erate,  The  importance  of  oxygen  is  well  .^howu  by  au  experiment  made 
by  Wiindt,*  who  observed  that  the  heart  of  a  frfig  cim tinned  to  beat  for  twelve 
hours  in  oxygen,  whilst  it  ceased  to  move  in  ordinary  air  after  three  hours, 
iu  nitrogen  and  hydrogen  after  one  hour,  and  iu  vacuo  in  half  an  hour. 
Certain  gases,  as  chlorine,  sulphurous  acid,  hydrogen  sulphide,  and  certain 
poisons,  as  sftrychnia,  opium,  Calabar  bean,^  are  capable  of  more  or  l^s 
rapidly  arresting  the  movements  of  the  excised  heart  when  directly  applied 
toil,  by  their  chemical  action  on  the  cardio-motor  system.  Various  salts, 
afl  those  of  sodium  and  rubidium  (Grandean  and  Bernard)  when  in  large 
quantity,  and  tht^se  of  the  biliary  acids  { Kohrig)  slow  or  arrest  the  heart's 
action  ;  as  do  also  certain  acids,  as  acetic  and  citric  acid  (Bobrikj,  and  phos- 
phoric acid  (Leyden  and  Monk),  The  action  of  electricity  upon  the  heart 
i^  f>eL-uliar.  The  heart,  as  Et^khard  has  remarked,  knows  no  tetanus.  A 
iiiigle  shock  applied  to  it  in  aitu  increases  the  frequency  of  its  beats,  and  if 
applied  to  the  excited  heart  when  its  excitability  is  nearly  exhausted^  slimu- 
lales  it  to  renewed  rhythmical  activity;  but  interrupted  curreuts,  which  if 
applied  to  ordinary  musclci!  would  produce  tetanus,  abolish  the  rhythmical 
activity  of  the  centres  now  under  consideration,  and  ineflective  peris talttc  con- 
timet  ion  !*  occ  u  r ,  w  i  th  g  rea  t  dep  ressiou  o  f  the  blood-  pr  essi  i  re/  Con  tin  u  0U3  c  u  r- 
rents  have  the  same  effect. 

243.  EffecU  of  Vurmtlons  of  Temperature  ttpon  the  Hearfs  Action. — ^The 
effects  0t"  variations  of  temperature  upon  tlie  heart  have  been  studied  by 
Pickford,*  Calliburcfe,'  Tigger,"  Liebermeister,*  Schelsfte,'  Panuni/'*  Cyon,^* 
and  Brunton.^^     From  their  experiments,  which  were  chiefly  made  on  the 


*  Jmifft.  fjf  AiiAt-  aad  Phyiiah,  i860,  p.  400.  '  Pbywologie^  187^,  p.  ai9. 
<  S*i?  Frii?er»  Tr»m.  Kii3'.*S5iX!.  JEfUnb  ,  vot.  jtxlv,  p.  63. 

•  Mayer,  i|uo|(k1  in  tturinunri^s  FhvHulogif*,  1874,  p.  7t). 

*  Hi  ijlf^  unfl   PfL-uif,  ZiiiU.,  185L     •  Onz.  Hebd»jiiiacl.,  1^57.  p.  4f]8. 

'  J>jwert,  186^.  *  DifUtscli.  Arcbiv.  f.  Klin,  Mud.,  Bd.  t,  p.  4B4. 

•  llt?bcir  der  V<?Fandf*purii£rrn  dttr  Erregbrtrkcit  durcb  dj*?  WiLrraei  Heidelberg,  l8tJ0. 
**  Si?*j  Ab«trHC.l  in  Schmidt's  Jrthrbueher,  1858. 

*^  LudwJg'^  Arb«iten,  1808,  p.  TT. 

**  5l*  Burihotymew'i  Hoep.  Hiypom^  vol.  vii,  1871,  p-  218. 
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frog,  It  appear?  that  the  heart  only  beats  within  certain  limitt  of  tcmpm- 
lure,  though  the^e  are  not  very  well  de6ned ;  iJi  regard  to  the  lower  lnmt*jf 
temperature,  the  hearts  of  some  aiiimals  cease  to  Seat  at  32^  F.»  othem  u&i 
till  exprwed  to  a  tempenituie  of  25°  F. ;  in  regard  to  the  hi_'  ~  ''  ^t  tif 
teui  pera  t  u  re  th  e  va  r  i  a  I  i  ou  is  sti  1 1  greater^  some  b  earts  bei  ii  g  arn  -  F.» 

aod  otbertj  not  till  104^.     In  ascendiug  iihwltj  from  the  lower  tu  i' 
limits  the  frequeney  of  the  hearths  aetion  Meadily  increases  till  it 
inaximum,  and  then  as  the  higher  Jimit  is  appi'iitached  it  - 
^mewhat  irregularly  falb,  a^  is  represented  in   the  adjoiuN.. 
Cyon'a  Memoir),  where  ihe  abscissa  may  be  considered  as  divided  itiUt  <i<?- 
grees  of  temi>erature,  whilst  the  ordinates  would  represent  the  relaiWe  6«* 
quuiicj  of  the  heart's  action.    Near  the  higlier  limits  at  which  the  heAft"! 


Fio.  m. 
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Wiii.  I'i-).— Curv«ith««Eu^  the  ioereased  rtpidity  of  Ibe  liemrt'i  iciion  u  the  l»iDpermtai»  to  w^lii  II 
Is  exposed  fiiei. 
FiQ.  LZG.-^urresihowiDff  foree  nf  thp  eootrutli^ii  of  the  hemtt  with  tncnsn  of  temprr«liif«» 


movements  are  arrej?ted,  the  heart  beats  irregidarly,  so  that  the  dtirmtlcm  < 
the  suecessalve  periiid^  of  diai*toIe  vary  eonaiderably,  and  ju^t  before  sluppog] 
the  eon  traction  of  the  heart  is  no  longer  sudden  and  completep  but  |»iiijrn3»*  ^ 
give  or  peristultie  In  character.    In  regard  to  the  variation  in  the  ft»nv  i»f  the 
beats  of  tlie  heart  whieli  occurs  with  rise  of  temperature,  Cyon  hnn  sluiwn 
that  the  curve  representing  it  attains  it*  maximum  very  near  the  lower 
limits  of  temperatui*e*  and  remains  at  the  same  height  till  a  tt  i  rr  of 

between  59"^  F.  and  66^  F.  is  reached,  from  which  it  progre?-  - 1' 

nnll-point.     A\t  the  higher  tem|ie rat ure  little  or  no  tluid  i.^  pnijicUil  tt^m 
tlie  !ieart,  owing  to  the  peristaltic  character  of  its  contract ioui.     Thr  coj^ 
elusion  tliat  may  be  drawn  from  the  above  facts  if,  that  there  h  a 
temperature  at  which  the  combined  iVeqiieucy  and  f(»rce  of  the  hctirtV  i 
producer  its  greatest  effect  in  driving  the  blood  through  the  %*i^siieU,    F< 
fiw,  this  lies,  according  to  Cyon,  between  64°  and  72"  F.     The  phcJiofiKsml 
in  Cyim's  experiments  were  ssumewhat  different  when  tlie  changc^i  of  tempe- 
rature in  the  air  surrounding  the  exci^sed   heart,  and   tbe  H^runi  f1. 
through  it  were  iuddlen,     Cyon  found  that  if  a  heart  that  bad 
regularly  at  about  70"  F*  were  suddenly  cooled  to  B2^  F.,  tht  ...v-     .i 
contractions  underwent  great  diminution,  the  movementJS  assuming;  a  prii- 
«taltic  character,  and  the  heart  becoming  considerably  dilate*!  <  heat  dia*tofcS  i 
After  a  time,  however,  it  began  to  beat  more  strongly*  an<l  behavcil  as  if  til 
had  l>een  gnidnally  cooled.     If  after  being  kept  at  32"  F.  for  ^ome  tjme»  it  1 
was  suddenly  exposed  to  air  and  serum  at  a  temperature  of  im^",  the  hmU 
s^ucceeded  one  another  more  and  more  rapidly  tilt  the  whole  organ  |iafli^| 
into  a  state  of  tetanus  (beat  tetanus),  lasting  from  15 — 50  secondii.     li  Uitn  \ 
began  tu  beat  again,  and  passed  through  the  same  stages  in  the  c**urec<jf 
li — 2  minutes  that  it  presented  in  being  gradually  warmed.    When  a  heart 
was  suddenly  heated,  not  from  "^2"-  F*,  but  from  about  55''  to  U»4"  F,,  the 
beats  instead  of  becoming  quicker  became  slower  and  fuller,  and  the  tn»*«* 
resembled  those  of  a  hesrt  in  which  the  vagus  is  irritated.    Thi^  state  Iruti^l 
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for  1 — 2  miDutes,  and  then  the  heart  passed  through  the  same  stages  that  it 
iroald  otherwise  have  presented,  if  it  had  been  gradually  warmed  It  thus 
appears  that  if  the  temperature  be  raised  above  that  of  "heat-dikstole" 
^oeat-riffor"  is  produced,  and  the  movements  of  the  heart  cannot  again  be 
restored  by  cooling  it.  The  excitability  of  the  inhibitory  nerve  apparatus  is 
abolished  during  the  arrest  of  the  heart's  action  from  the  heat,  for  Cyon 
iias  shown  that  irritation  of  the  sinus  venosus,  which  invariably  produces 
arrest  of  the  heart's  action  in  diastole  under  normal  conditions,  causes  tetanus 
)f  the  ventricle  when  applied  to  a  heart  that  is  in  a  state  of  arrest  from  heat. 
[n  itarm-blooded  animals  the  frequency  of  the  heart's  beats  also  increases 
inth  the  temperature  within  certain  limits  (Panum,  Brunton).  In  one  in- 
itance,  by  means  of  registering  apparatus,  Dr.  Brunton  found  that  the  heart 
3f  a  rabbit,  when  the  animal  was  exposed  to  a  temperature  of  105°  F.,  beat 
172  times  in  a  minute.  After  reaching  a  maximum  the  beats  become  slower, 
&nd  the  heart  finally  stops.  The  increase  is  not  the  same  for  each  degree  of 
rise  in  the  temperature ;  and  the  number  of  beats  at  the  same  temperature, 
ind  also  the  amount  of  quickening  for  each  degree  of  rise  of  temperature, 
iliflers  in  difierent  animals.  The  upper  limit  at  which  the  heart  stands  still 
in  rabbits  is  about  113°  or  114°  F.  (Brunton) ;  as  the  temperature  to  which 
the  heart  is  exposed  rises,  and  the  pulse  quickens,  the  inhibitory  power  of 
the  vagus  diminishes,  but  when  the  temperature  had  risen  in  Dr.  Brunton's 
experiments  to  nearly  its  upper  limit,  the  power  of  the  vagus  was  again 
observed  to  be  increased,  and — contrary  to  expectation — to  be  strongly 
DQarked  just  before  the  heart  ceased  to  beat.  It  is  not  improbable  that  the 
Increased  frequency  of  the  heart's  action  in  febrile  conditions  of  the  system 
is  in  part  due  to  the  stimulating  effect  upon  the  heart  of  the  increased  tem- 
perature of  the  blood  caused  by  augmented  tissue-change. 
244.  Nerves  Retarding  or  Inhibiting  the  Action  of  the  Heart. — Some  yeare 

3;o  (1846)  the  brothers  Weber*  observed  the  important  fact  which  proved 
e  starting-point  of  numerous  researches  on  the  influence  of  the  nervous 
ijstem  upon  the  heart,  that  irritation  of  the  Vagus,  or  of  its  inferior  cut 

1  Archiv.  d'Anat  G^n.  et  de  Phj'siol.,  Jan.  1846,  and  Wapiier's  Handworterbuch, 
Bd.  iii.  p.  81  ;  p<»e  also  Budire  in  Archiv.  f.  Phys.  Heilk.,  1846,  Bd.  v,  p.  310  ;  v.  Bezold, 
DntPrs.  ub.  d.  Innervat.  des  Herzens,  1863  ;  Rutherford,  Influence  of  the  Vagus  upon 
the  Vascular  System;  Transact,  of  Roy.  Soc,  Edinb.,  vol.  xxvi,  1870,  p  1  (in  this 
paper  referencej*  will  bo  found  to  all  the  more  important  antecedent  memoirs) ;  Goltz, 
Oiitralblatt,  1H68,  p.  693;  Meyer,  Das  Hemmungsnerven-system  des  Herzens, 
Berlin,  1869;  Abstract  in  Journ.'of  Anat.  and  Physiol.,  1869,  vol.  iii,  p.  445;  Kowa- 
low>*ky  and  Adamuk,  Centralblatt,  1868,  p.  546;  Bernhardt,  Inauc;.  Dissert.,  8vo., 
p.  82,  1888;  Aubert  and  Roever,  Centralblatt,  1868,  p.  578;  Coats,  Berioht  d.  k. 
Sachs.  Gesell.  d.  Wissenschaft,  1869;  also  the  Effects  of  Irritation  of  the  Vastus  on 
lh«  Internal  Work  of  the  Heart,  Leipziger  Arbeiton,  Bd.  iv,  1870,  p.  176;  Michael 
Poeler,  Fullerian  Lectures,  Rev.  des  Cours  Scientif.,  1869,  Nos.  42,  43,  and  45;  P. 
Keucfael,  Daa  Atropin,  und  die  Hemmuni^snorven,  Inaug.  Dissert.,  1868;  Donders, 
Centralblatt,  1870,  p.  408;  Masoin,  Bull,  de  I'Arad.  Roy.  dc  Med  de  Belirique,  t.  vi, 
p.  4,  1872-3;  Nuel.  Pfliiger's  Archiv,  Bd.  ix,  p.  83  ;  Boehm,  Studien  uber  Herzgiften, 
1871  ;  Arloin  et  Tripier,  Archiv.  de  Phy.s.  Norm,  et  Path.,  1872,  Contribution  4  la 
Physiolofi^ie  des  Nerfs  Values;  Schiff,  Hcrz-  und  Gcfass-nervcn,  abstract  in  Central- 
blatt, 1873,  Nos.  1,  2,  3;  Metschnikott'and  Setsohenow,  Ueber  die  Vaguswirkung  auf 
das  Herz,  Centralblatt,  1873,  pp.  163  and  289;  Schiff,  Archiv  f.  Physiol.  Heilk.,  8ter 
Jabr. ;  Molcscbott,  Wiener  Med.  Wochens.,  25th  May,  1861  ;  and'  Lister,  Proceed. 
Boy.  Soc.,  vol.  ix.  p.  367,  were  led  by  their  researches  to  consider  the  vagus  as  a 
motor  nerve  of  extreme  exciUibility,  but  which  was  easily  exhausted.  They  main- 
tained that  with  very  feeble  currents  applied  to  it,  the  heart's  action  is  accelerated ; 
but  Pfluger,  v.  Bezold,  Rutherford,  Wiindt,  and  many  others  have  been  unable  to 
corroborate  these  statements.  Later  experiments  have  shown,  however,  that  certain 
accelerator  fibres  do  run  in  the  trunk  of  the  vagus ;  see  Schiff's  Physiologic,  1859, 
p.  417  et  seq. 


SIO 


0t   THE   CIKCTJLATIOW   OF  Til   BLOOI 


surface  in  the  neck,  by  means  of  an  intjerrupted  carrent  of  electricity  eto 
the  rhythmical  movements  of  the  heart  to  become  slower,  aod  if  tb^  cfirrmp 
were  st)fficient]y  strong  arrested  its  raovemeuu  altogether.    Now  in  the  cart 
of  any  voluntary  muscle  the  passage  of  such  a  current  through  the  ncrvei^ 
supplying  it  produces  either  simple  contraction,  or  if  the  sbockp  be  euffi-' 
cieotly  frequeut,  tetanuSp  but  in  the  case  of  the  heart  the  effect  produced  i 


Bill^rmm  t«  Afd  in  iindeintnadifif:  th«  aclloD  cif  the  Dt>Tve«  upon  lU«  H»rt.    Hic  RJtifbt  Itjhl/  rpom-  1 
iiiita  thi!  rouwti  uf  llu' inhlibjtoTy^  anJ  till' Ix^ft  Ibe  c<rfun*t^  ortbt  accf'lora^ 
[.Jirfiows  iliuwhig  llie  dirtielion  In  whfch  iroprps»i<jn*  ire  t'^fuvcy^fd.    Tlie  elli|)<w  at  Ih 
9i  tht  \ogu«  bolting  likt^  Lbc  Boctioti  tif  tb^  nerve  U  iiil^udf^  la  repf^-tenl  tMa  V4g«l  j,,-     - 

on  the  contrary,  that  of  complete  relaxation.  The  cessatloD  of  the  rhythmi* 
eal  action  in  diastole  is  not,  however,  of  long  duratluo ;  cantrwctitm  eoonl 
Tecomuienee^,  notwithstanding  the  eontinued  applies tiou  of  the  electrical 
stimulus,  though  it  can  be  again  arrested  by  passing  tlie  interrupted  cHrrpDt 
through  a  frei?h  portion  of  the  nerve  situated  lower  down  or  uttarf^r  thu  hcjirl 
Dr.  Rutherford  has  shown  that  the  induced  current  obtained  fr<>m  I>fj  Bi>i*' 
^  Reymoud'^  induction  machine  and  a  single  Danieirs  eel!  I  ' 

beart  in  the  frog  when  the  primary  ana  secoudary  coUi  ;;  i ' 

200-300  millimetres,  and  that  arrest  of  the  heart's  action  oceure  when  ike 
distance  is  about  100  millimeires.  Comparative  trials  sbawed  that  »  vrn* 
mueJi  stronger  irritant  is  necessary  so  to  stimulate  the  Cardio-inbibHafT 
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Vagus  that  the  heart*s  action  may  be  retar(!e<l  than  m  reqtiirf-d 
it<*  the  recurrem  laryngeal  fibres,  so  that  tlje  Ijirytigeal  tiitiscles 
ly  be  thrown  into  aetion.    The  jiecompaDyiiig  woodcut  will'shovT  by  means 
'o?  k  tracing  the  effeet  of  siimnlation  of  the  lower  end  of  the  Vagus  m  the 
rabbit.     It  will  bo  obs^nrcd  that  the  «ndul&tion?j  each  of  which  represents 


Flu.  t2J». 


Tndiif  tilAiiilD^i  eMaui  at  itUmuMion  of  Vj^gws,    Tba  Irntltii;  mHnt  be  reisU  from  fight  t©  left. 

a  cixrtliac  contraction,  an?  very  mpkl  and  pmal!  till  the  moment  at  which 
tht!  eiimulus  vra.^  ai^plit^  to  tfjc  Vagus?.  They  then  become  much  j^lowefp 
nod  largt;r,  whilst  their  moan  level  falb,  i»jdi*jatii»g  a  diminntioa  of  bjood- 
pre^surv*  As  mon  as  the  stimulus  to  the  Vaguj^  h  withdrawn  the  cuutrac- 
ticiti^  presient  their  former  freqnenc;^,  aud  the  bhjiid-pre^ure  again  mei'. 
Further  iij<|uiry  by  Cyon  and  Ludwig'  m>on  showed  that  in  the  rabbit  the 
Vagu#  gives  otr  a  bmnrh  immt-d lately  below  the  inferior  laryngeal  nerve, 
which  may  be  ealletl  the  Cardio-inhihitory  of  the  Vagus  (i^ee  Fig*  127), 
Pince  when  excite*!  it  h  cajmble  of  exertiug  the  same  controlling,  restrain- 
ing, arreHiiijg,  or  inhibttt*ry  power  over  the  Cartliae  nnjvements  m  the  Vagus 
ilMAt  It*  man  thU  nerve  is  represented  by  the  gnjierior  Cardiac  branch  of 
til  If  thi?i  nerve  lie  <iivided  and  its  upper  cut  surface  he  irritated 

Of  r'    pntdnced,  but  if  the  lower  cut  surface  be  irritated,  the  heart 

«ti  ;  The  fibres^  of  the  ner%'e  therefore  appear  to  conduct  im- 

p«j  rth  (a-s  indii^ated  by  the  arrow  in  the  figure).     It  mfght  be 

«imMi«*ed  that  these  fibres  pass  to  the  Cartlio-nmtor  centre,  and  exert  aflirect 
tombildry  influeuee  upon  it,  but  several  circumstances  render  It  probable 
that  iiti  intermediate  apparatus  or  inhibitory  mechanism  which  we  may 
l€Tm  %n  inhibitory  centre  exists  in  the  heart  between  the  vagal  branches 
mnmog  to  the  heart  and  the  ultimate  fibrils  of  their  branches.  For,  in  the 
fir-'  *  -^  ^  n  the  Cardio-iuhibitory  nerves  are  irritated  it  has  been  shown 
bi  f  and  Bonders  tliat  a  very  appreciable  interval  elapses  before 

lb'  'tion  is  nvani rested.    Thus  Pfliiger  found  that  even  when  the 

0L\  I  wax  strong  enongh  to  pnxluce  complete  arrest  of  the  Car^ 

imc  fj  -,  twc»  t*utire  beats  alwavii  intervened  be  lore  the  ee^sation 

oriTin^  1  n  Dnmlcrs's  experiments,  a  period  of  0.17  sees,  elapsed  before 


»  ArMt#^,  3MH7,  p.  128. 

I  lliMl  IhM  lln*t  pfTCi-ptible  effect  of  slicht  irrrtiUiun  of  llio  Vsgi  it  & 

'\ns  tlm*uAfi  of  the  htMirt,  or  iv  r^tardntion  of  the  motor  impulse,  in- 

fu     Wh(*n  violi*nt  ur  loug-efntltnui^d  oxrilwlltiii  is  MppU**d 

pwy*.'  i*f  th*j  liPHft't  ncliofij  l\\**  Ural  hnxU  on  its  rttun-L'ry 

,   w  .  T  .-■  MM  ,   .-ai  wticn  only  tnodc»r*ildy  frlruoj;  ciirrejiu  nf©  apiiUed,  the 

»r«  \>UA*n  ttt  i'n<jrg*jUc  or  even  more  powerful  tli»rt  hatora.    Thin  would 
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arrast  occurred.     But  in  the  case  of  ordinary  muscles  the  peritjd  of  fiitoitl 
excitatiou,  or  the  time  that  elape?  between  the  &ppHcation  of  a  stimtiltiB  tnj 
the  iierve  and  the  beginning  of  the  contraction  of  the  muscle,  does  n»rt  ei-f 
ceed  jifltb  of  a  eecond.    Secondly,  Meyer*  has  been  able  by  direct  Trritatiooi 
of  a  particular  part  of  the  sinys  venosus  in  the  common  eel  by  means  of  aal 
in  term  pled  curreal  to  arr^t  tlie  heart '§  action  for  sisteea  rainiitc?.  nml  m 
the  frog  he  wtiij  oceasionallT  able  by  pereistent  direct  irritation  to  ki^'|>  tht 
heart  at  reat  for  an  hour,     M.  Foster^  has  in  like  manner  pointt^  out  tlmlJ 
in  certain  MoUui^csi^  Antxlon  and  Heli;^,  there  is  no  nerve  correspoorlioij  Ut\ 
tlie  Vagu^j  but  that  the  heart  can  be  stopped  in  tUaHtoie  by  direct  irritAtirMj 
when  removed  from  the  body,     Tlie  inhiljitory  meebani^m  must  in  thc^^e  tn- 
etances  be  in  the  heart  Uj?elf,    Lastly,  evidence  of  an  intermediate  - 
sueb  as  i^  represented  in  tl»e  above  figure  as  the  intracanliac_^  if 
centre  ia  derived  from  the  action  of  certain  poiaoni*'     Thus  Nicotui  ftad 
Woorara  when  injected  subcut^neonsly  in  very  i^m all  doses  (Itb  to  M  of  ft^ 
milligramme)  appear  to  stimulate  the  inhibitory  centres^  and  the  heart  beat* 
slower  j  but  they  soon  paralyze  these  centre^!,  and  the  heart  then  bcat^  faster, 
and  when  this  occurs  initalion  of  the  Vagus  will  no  longer  inhibit  the  | 
heart's  action,  but  if  wbikt  the  heart  is  beating  fajtler  Muscarin  be  admin- 
letered  or  the  jfiinujs  venoBus  l>e  irritated  the  heart  still  stops  in  diastole.    It 
however,  Atropin  have  been  injected,  not  only  does  the  heart  beat  fa*trr,bat 
it  can  no  longer  be  stopi>ed  in  dias^tole  by  irritation  of  the  sinun  veno^it^,  or 
the  adminii^tration  of  Musearin.    The  explanauon  of  this  ap|jears  to  be  thit 
whilst  Nicotin  and  Woorara  in  certain  dose^  and  stages  of  their  action  pftti- 
lyze  the  vagal  centre,  and  the  Cardio-inbibitory  tihrt«  of  ibe  Yaguj?,  miJ 
these  can  no  longer  transmit  inblbitory  impulses,  they  do  not  paralyi 
Intracardiac  inhibitory  centres,  as  is  indicated  by  the  effect  of  direct  irrita^"] 
tiou  on  the  siiins  venosus.     Atropin,  on  the  other  hatni,  not  only  par  ' 
the  Vagal  centre,  but  it  also  paralyzes  the  intracardiac  inhibitory  re 
for  the  heart  under  its  influence  is'  no  longer  capable  of  being  arresH  _ 
dia,stoie,  either  by  irritation  of  the  vagus  or  ot  the  sinus  veno!*ijs/    Df* 
Brunton  m  di&posed  to  think  that  Atropin  acts  es|K^cially  on  the  oonnectinf 
Elaments^  c  F,  between  the  inhibitory  and  cardio-tnotor  ceutrei/    In  the 
couree  of  an  elaborate  series  of  experiments  upon  the  atrtion  of  the  ucrv^'i 
on  the  heart,  v.  Bezold  observed  that  in  anijual^  under  the  Infloeijcc  of 
Woorara,  in  which  therefore  all  muscular  movements  that  might  fH>mfi 
the  phenomena  were  prevented,  on  applying  electrical  ejccitanoii  to  the  \ 
cut  surface  of  the  divided  Vagus,  the'bh>otl-prea«ure  fell,  and  he  aWl 
served  that  similar  irritation  applied  to  the  me<iulla  oblongata  oiu^  ( 
siderable  elevation  of  blotwl-pre^ure,  which  still  occurrt^d,  evtm  wbe 
two  Vagi  had  been  divided.     He  conclnded  that  the  spiual  card  coat 
fibres  acting  dire<:tly  on  the  heart.     He  further  noticed  that  on  divisio 
the  spinal  cord  in  the  cervical  region  the  blood- pressure  immediately  I 
whilst  if  the  posterior  cut  surface  of  the  cord  was  irritated  the  bl«xxl*prfi^1 
atire  again  rose.    Tha  cx>nclusion  drawn  by  v.  Behold  was,  that  Uie  iuedoUi  t 


8e<*m  to  show  ibnt  if  tJiv  inhiluiury  Irvflinmoe  iJi  very  >ilronelv  ^xtrted  il  prvftntitli* 
|)rt»dii€-Uon  t^f  m^itor  ew^rgy  id  tliu  mutur  gnngHt,  whM&t  if  it  b«  isod^rmtifly  etdlol 
It  doo*  not  intwrfcrt*  with  \U  sEnrn^riition^  Iml  only  with  \U  diicharge. 

^   D»s  H*»lllmllnl:»nt»^vt^n-5y*it^mT  1869* 

■  Pflaic**r'*  Arohiv  f.  Pby^.  Bd.  v,  p.  19L 

•  *See  ibft  fmitHr*  of  TruhitPt,  tiiHUiif.  Dis^ert.^  Beitriif*  zur  Xieotin-Wirkiwf,  Ifc'^r- 
pat,  18»>9;  and  SchmiiMkherg,  Lm\wliz*9  A^r^mhtyn^  Bel.  v,  1871*  p.  41- 

•  The  effeet  of  the  Hdmiruitrutian  of  Alropfa  in  man  ia  to  rAisfl  tlic  niimlwf  of  t^* 
puhe  from  72-8^*  to  Hii-lsO  in  ihe  minute. 

•  Brit  Med.  Journ.,  Dec.  lUthi  1871.  p.  689, 
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obloDgmta  ctnitaiufl  a  enrtlio-motor  centre,  the  centripetal  fibres  of  which  run 
ufmartk  iti  tht?  vagiL%  wlnUt  the  efferent  nr  motor  libreii  ^It^ceiid  through  the 
^piuat  cN*riJ  niiil  aro  tJUlributcd  to  thi3  heart,  Irritution  of  the  upper  cut 
surface  of  the  vagus  ht^  thought  excites  the  ctetitre^  whk-h  aeting  in  n  reflex 
man  Iter  stiriiulntes  the  heart  to  beat  more  eiiergetit*ally,  ami  the  blomi-pres- 
sanf  rbes,  whilst  action  of  the  ispiinU  cord  divides  the  motor  filaments  pro- 
oeinliitg  from  the  gauglioEii  ami  the  heart  heat?  with  h^ss  force,  and  the 
hliKKl'pres^ure  consequently  diminishes,  Ludwig  and  Thirv  on  repeating  v. 
Bezold^s  experiments  gubstantiated  their  accuraey,  but  demonstrated  the  in* 
corrtietues^  of  his  conclusions,  Tliey  notice*!  that  even  when  all  the  fibres 
pu«iug  from  the  spinal  cord  to  the  heart  were  destroyed  by  means  of  a  gal- 
vano^uustic  wire,  the  effects  observed  by  v,  Bezold  to  remilt  from  irritation 
of  thii  cord  could  islill  be  manifested,  and  they  concluded  tljat  the  rise  in  the 
bIo«Kl-pre^snre  and  augmentation  in  the  frecjuency  of  the  beat^  of  the  hearti 
were  due  to  eonstriction  of  the  smalt  vej^j^ls  in  the  body  generally,  and  in 
thia  conclusion  they  were  Mipported  by  the  results  of  ligatures  applied  to  the 
aorta  or  larger  arteries.  Further  iuv^es ligations,  the  details  of  which  were 
publMied  in  Ludwig^s  Arhelkn  in  1866,  enabled  them  to  announce  their 
discovery  of  the  fnuetiooB  of  a  ^mall  nerve  given  ofi*  from  the  vagus;,  and 
to  w^iiicli  they  applied  the  name  of  Nenm  Dcprtt^mr,  This  nerve  arises  in 
this  mhbit  from  the  vagu?,  immediately  below  ijie  j^nperior  laryngeal  nerve, 
from  whleh  part  it  ofu^n  receiver  a  reinfi>reing  filament;  and  descending 
ibrough  the  oeck  it  is  distributed  to  the  h^iart*  If  thl;?  nerve  be  divided 
aod  tie  lower  etjt  surface  be  irritated,  no  efiects  are  observed,  but  if  the 
upper  cut  surface  be  irritated  it^?  irdiibitory  action  immediately  becomes 
manifests,  and  the  animal  gives  indicatiiujs  of  pain.  The  directiou  in  which 
it  conducts  impulses  is  therefore  exactly  the  opposite  to  thsit  of  the  e4trdio- 
lubibitory  nerve  of  the  vagus:  it  is  a  sensory  or  afferent  nerve.  If  the  irri- 
tatioii  be  continued,  the  slowing  action  on  the  heart  passes  off,  and  the  heart 
beatd  as  fast  or  even  faster  than  before,  and  coincidently  the  blood -pressure 
ia  the  vessels  falls.  The  mechnnism  of  the  phenomena  observed  as  deduced 
from  their  experiments  seems  to  be  that  when  a  stimulus  is  first  applied  to  the 
depre^e^or  rrerve*  an  Impuke  is  conduct ed  straight  to  the  vagal  centres^  from 
wheneean  inijibitory  influence  is  directed  through  thecardio-inhibitory  nerves 
to  ilje  intracardiac  inhibitory  centre,  and  the  heart  is  slowed  ;  but  tlie  depres- 
sor nerve  als**  contains  fibres  termiuating  in  a  vaso-inhibiiory  centre  in  the 
nie^luUa  oblongata,  which  exerts  a  restraining  or  inhibitory  power  over  a  vaso- 
motor centre  in  clijse  relation  with  it.  Under  ordinarv  conditions  a  nervous 
jnHtiencc  is  discharged  from  the  vasio-motor  centre  by  fibre,^  which, descending 
through  the  spina!  cord,  emerge  with  the  several  roots  of  th**  spinal  nerv^, 
and  are  distributed  to  the  smaller  vesjfd,-?  throughout  the  bo<iy  (one  only 
being  shown  in  the  figure;.  This  nervous  influence  maintains  the  vesseb  in 
4  state  cjf  permanent  tonic  contraction,  which  keeps  up  the  blood-preas*ure  to 
it^  normal  height.  But  when  the  vaso- inhibitory  of  the  vagus  ulepvimur 
wfn^)  is  stimulated,  an  impulse  is  conveyed  to  the  vaso-inhibitory  centre  of 
the  medulla  oblongata,  which  reacting  on  the  vaso-motor  centre  inliibit.^  its 
action,  and  the  downward  current  from  this  through  the  spinal  conl  being 
consequently  arrested,  the  vessels  dilate,  tlie  blood- pressure  i*inks  to  one-half 
or  tWii-thirdi*  of  its  normal  amount,  and  the  medulla  ret*eiving  lut^a  blood, 
the  vagal  inhibitory  centre.*  become  less  active  and  the  heart  re^iumes  its  ordi- 
nary activity,  or  if  the  dilatation  of  the  ves:4els  and  the  consequent  relief 
fruin  the  rel racing  power  be  very  eiuisiderable,  may  even  beat  faster  than 
before.  It  has  been  pointed  out  by  Dr.  Rutherford,  that  the  inhibitory  fibres 
of  the  vague  may  be  excited  to  aetiorj  by  siitiranlation  applied  to:  1,  The 
ceotml  end  of  the  vaso-inhibitory  or  superior  cardiac  branch  of  the  vagus 
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(depressor  nerve)  ;  2.  The  central  end  of  the  vagus  of  the  opposite  side:  3. 
Almost  any  sensory  nerve  in  the  case  of  warm-blooded  animals,  the  fifth, 
according  to  Hering  and  Kratschmer,  having  a  very  special  action ;  4.  The 
abdominal  viscera  in  the  frog ;  o.  The  splanchnic  and  cervical  sympathetic 
In  these  instances  the  cardio-inhibitory  nerves  appear  to  be  excited  in  • 
reflex  manner.  The  inhibitory  action  of  the  right  Vagus  upon  the  heart  h 
much  more  marked  than  the  left  in  the  tortoise.^  It  may  just  be  notioed 
that  both  Dr.  Rutherford  and  Dr.  Coates,'  of  Glasgow,  have  shown  that 
irritation  of  the  vagus  always  diminishes  the  absolute  amount  of  work  done 
by  the  heart. 

There  is  reason  to  believe  that  the  depressing  effects  of  shock  may  be  ex- 
erted both  through  the  vagus  and  through  the  sympathetic  t«ystem  of  nerves, 
and  that  considerable  disturbance  may  ensue  from  lesions  of  such  branches 
of  those  ner\'es  as  are  most  nearly  connected  with  the  heart.  For  the  well- 
known  fact  of  sudden  death  not  unfrequently  resulting  from  a  blow  on  the 
epigastric  region,  especially  after  a  full  meal,  without  any  perceptible  lesion 
of  the  viscera,  seems  to  indicate  that  a  violent  impression  upon  the  widely- 
spread  c(cliac  plexus  of  Sympathetic  nerves  (which  will  be  much  mure  ex- 
tensively communicated  to  them  when  the  stomach  is  full,  than  when  it  is 
empty),  may  c^iuse  the  immediate  cessation  of  the  heart's  action  probably 
by  a  reflex  action  exerted  on  the  pneumogastrics,  in  the  same  manner  ae  a 
severe  injury  of  the  bniin  or  spinal  cord.  And  a  case  has  been  put  on 
record,  in  which  the  heart's  pulsations  were  occasionally  checked  for  an  in- 
terval of  from  4  to  6  beats,  its  cessation  of  action  giving  rise  to  the  meet 
tearful  sensations  of  anxiety,  and  to  acute  pain  passing  up  to  the  head  from 
both  sides  of  the  chest — these  symptoms  being  connected,  as  appeared  on  a 
post-mortem  examination,  with  the  pressure  of  an  enlarged  bronchial  gland 
upon  the  great  cardiac  nerve.'  Czermak*  has  produceil  all  the  u^ual  etfecla 
of  irritation  of  the  vagus  in  his  own  person  by  carefully  applied  pressure 
over  the  vairus  in  the  ueek. 

245.  AVrtrx  Acrelerating  the  Action  of  the  Heart, — ^The  action  of  the  heart 
cannot  only  be  rendered  slower  or  stopped  by  irritation  of  certain  fibres  run- 
ning in  the  vagus,  but  by  the  irritation  of  other  nerves  its  movements  can 
be  accelerated.  V.  Bezold  observed  that  irritation  of  the  cervical  sympa- 
thetic is  followed  by  increased  frequency  of  the  heart's  beats,  but  that  inis 
effect  is  not  constant.^  Much  more  marked  increase  follows  irritation  of 
the  communicating  filaments  running  between  the  spinal  cord  and  the  in- 

*  Mt-yrr  (Op.  fit.)  in  pigt'ons  imd  rul»l»ils.  Masoin  iOji.  cit. )  and  Arloinje:  and 
TrijiitT  (Oji.  cMt.)  stHto  that  of  tin*  loft.  Though  courtinR  in  the  trunk  of  ihe  vagus, 
tho  inhiliiinry  nerv«*s  seoin  rt'iill\  to  be  derived  from  the  spiniil  accessory,  since  if  the 
tihn.'S  of  tli«'  spinal  aoci><sory,  wiiich  B<>rnard  )ih6  shown  ^^prinj;  from  the  nii-diilla  ob- 
h)n£;ata  and  join  the  va)L;us,  be  torn  out,  it  will  be  found  impo5Mble  to  arrest  the 
heart's  a«ti'»n  by  irritation  <»f  the  vai^U"*  trunk,  oven  as  early  as  three  days  afl»'r  tht 
operation,  that  is  befurv^  d«*.i;enoration  of  the  nerve's  fibres  could  have  set  in  i  Briick^i 
\oriesunu:en,  1874,  Bd.  ii,  p.  94),  though  it  can  be  immediately  pn»duced  bv  irriu- 
lion  «»f  tl»e  oppdsito  vagus. 

'^  Ludwig's  Arb«'iten\  1800. 

»  Miiller\<  Archiv,  1841,  Heft  3 ;  and  Hrit.  and  For.  Med.  Rev.,  Oct.  1841.— It 
may  b<*  surmised  that  in  many  eases  of  angina  prctoria^  in  which  no  lesion  adequate 
to  aecount  for  death  could  be  discovert  d,  sumo  atl'ection  of  the  cardiac  plexus  might 
have  l>een  traeed  nn  more  careful  examination. 

*  Jenaische,  Zeits.,  1805,  p.  384 

*  Si-e  tlm  researclKis  an<l  experiment.^  of  A.  v.  Bozold.  Untersuchungon  liherdie 
Innervation  d.  Herz  ,  Lei[>zig,  \HM  •  Ludwig  and  Thiry,  Sitz.  d.  k.  Akad.  zu  Berlin, 
Bd.  xlix  ;  (.'v(»n,  Sitz.  d.  k.  Sachs  -Ge.<ell.  d.  Wiss.,  1806,  and  Comptcs  Rendiis,  18*17, 
pp.  »;70  an<l  1040;  Karl  Bever,  Wiirzburg  M«Mliein.  Zeitsch.,  Bd.  vii,p.  216;  Ruthc^ 
ford,  TranMtct.  Koy.  Soc.  Edin.,  1870,  vol.  xxvi,  p.  i,  and  his  excellent  Lectures  io 
the  Lancet,  in  1871-72. 
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ferior  cervical  and  first  dorsal  ganglia  of  the  sympathetic.  Irritation  of  the 
spinal  cord  itself,  and  of  the  medulla  oblongata,  causes  increased  frequency 
of  the  pulse,  though  this  has  been  shown  by  Ludwig  and  Thiry  to  be  a  com- 
plicate phenomenon,  and  due  in  part  to  the  efiect  of  such  irritation  in 
producing  contraction  of  the  smaller  arteries.  The  accelerating  fibres, 
nowever,  seemed  from  these  observations  to  arise  from  centres  in  the  me- 
dulla oblongata  and  spinal  cord,  and  emerging  from  the  latter  by  the  rami 
communicantes  to  enter  the  sympathetic  ganglia,  and  to  proceed  from 
thence  to  the  heart  (see  Fig.  126,  right  side).  This  view  is  supported  by 
the  experiments  of  v.  Bezold  and  the  brothers  Cyon,^  who  have  eliminated 
the  influence  of  vascular  innervation  by  division  of  the  spinal  cord  between 
the  first  and  second  dorsal  vertebra.     The  vessels  are  then  permanently 

Cralyzed ;  but  irritation  of  the  spinal  cord  in  the  cervical  region  will  still 
found  to  produce  considerable  increase  in  the  frequency  of  the  pulse, 
though  the  variations  of  blood-pressure  are  slight  or  nil.  The  course  of  the 
accelerating  fibres  has  been  much  elucidated  by  the  recent  careful  dissections 
of  Schmiedeberg'  made  upon  the  dog.  In  this  animal  the  vagus  and 
sympathetic  run  together  as  far  as  the  inferior  cervical  ganglion.  Here 
they  separate,  and  the  vagus  immediately  gives  off  the  recurrent  laryngeal. 
The  last  cervical  and  first  dorsal  ganglion  of  the  sympathetica  are  con- 
nected by  two  filaments,  the  upper  one  of  which  often  joins  the  vagus.  The 
inferior  cervical  ganglion  rives  off  the  superior  cardiac  nerve,  and  some- 
times the  inferior  cardiac,  though  both  not  unfrequently  come  off  from  the 
vagus.  One  of  them  is  sometimes  absent,  and  both  appear  to  act  as  accel- 
erators (though  they  sometimes  contain  inhibitory  fibres),  and  to  reach  the 
sympathetic  through  the  roots  connecting  the  sympathetic  with  the  cord. 
In  the  rabbit,  the  fibres  directly  accelerating  the  action  of  the  heart  proceed 
from  the  medulla  oblongata,  or  possibly  from  the  brain,  and  descending 
through  the  cervical  portion  of  the  cord,  emerge  as  in  the  dog,  opposite  the 
inferior  cervical  and  first  dorsal  ganglion  of  the  sympathetic,  which  they 
enter,  and  then  proceed  to  the  heart.  In  the  Frog  the  vagus  contains  ac- 
celerating as  well  as  inhibitory  fibres,  for  Wiindt'  has  shown  that,  at  a 
certain  stage  of  poisoning  with  Woorara,  irritation  of  the  vagus  no  longer 
caused  slowing  but  quickening  of  the  heart's  action;  and  the  same  has  been 
noticed  in  the  action  of  Atropin  and  Nicotin.  On  grounds  similar  to  those 
which  have  led  to  the  admission  of  an  intracardiac  inhibitory  centre,  the 
existence  of  an  intracardiac  accelerator  centre,  or  series  of  centres,  seems 
probable.  The  accelerating  fibres  appear  to  be  less  easily  excited  and  less 
readily  exhausted  than  the  inhibitory  fibres.*  They  render  the  contractions 
of  the  heart  more  forcible  as  well  as  more  frequent.* 

246.  During  the  last  few  years,  the  action  of  numerous  poisons  on  the 
heart  has  been  made  a  subject  of  special  investigation,  but  the  results  at 
present  obtained  scarcely  admit  of  being  accurately  classified.  Some  appear 
to  act  as  paralyzers,  others  as  excitors  of  the  motor  and  inhibitory  nerves 
respectively  ;  others,  as  the  sulphocyanide  of  ix)tassium,®  act  directly  on  the 

»  Archiv  f.  Anat.  and  Physiol.,  1867. 
■  Ludwig's  Arbeiten.  Bd.  vi,  1871,  p.  34. 

•  Verhnnd  des  Naiurhist. — Med.  Ver.  zu  Heidelberg.  1859. 

•  Schiff  (CeDtralblatt,  1873,  Nos.  1,  2,3)  denies  the  existence  of  accolerator  fibres!, 
both  in  the  rympatbetic  and  the  cervical  portion  of  the  spinal  cord.  He  derives  the 
ftccelerator  fibre?  from  the  spinal  accessory  nerve,  and  maintains  that  they  run  in  the 

»  Badoud,  Verhand.  d.  Phys.  Med.  Gcsellsch.  zu  Wurzburp,  N.  F.,  Bd.  viii,  p.  12. 

•  C.  Bernard,  Le^pons  sur  les  Substances  Toxiques,  etc.,  1867,  p.  858;  MM.  OUi- 
rier  and  Bergeron  in  Brown-Sequard's  Journal  de  la  Physiol.,  1863,  pp.  85  and  47, 
and  MM.  Dnbreuil  and  Legros,  Comptes  Kendus,  1867,  p.  1256. 
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muscular  tissue,  rendering  it  incapable  of  responding  to  the  strongest  stim- 
uli. And  others,  again,  indirectly  influence  the  force  and  frequency  of  the 
heart's  action  by  their  action  on  the  respiratory,  or  upon  the  vaso-motor 
systems  of  nerves.  When  it  is  remembered  that  different  animals  are  not 
affocted  in  the  same  manner  by  particular  poisons,  and  that  there  is  fre- 
quently a  difference  between  the  effects  of  large  and  small  doses,  it  may  be 
conceived  that  the  difficulty  of  explaining  the  phenomena  observed  is  ex- 
treme. It  may  be  observed,  however,*  that  some  poisons,  as  the  Antiaris 
toxicaria;'  Tanghinia  venenifera;^  Digitalis;  Helleborusniger;  Helleboms 
viridis;  the  green  resin  obtained  from  the  Nerium  oleander;*  Squill;  Man- 
ganja,  from  the  Zambesi  River  (Dr.  Sharpey;;iind  Carroval  and  Vao,  from 
the  river  Darieu  ;*  most  of  which  have  neen  examined  by  Drs.  Faggeaod 
Stevenson,  produce  in  frogs  a  jKJCuliar  form  of  irregularity  in  the  action  of 
the  heart,  attended  with  protrusion  of  its  walls  at  different  points,  and  ac- 
celeration of  its  beat ;  then  diminished  frequency,  caused  by  protraction  of 
the  veutricular  systole;  and  finally,  stoppage  of  the  contractions  by  cea^- 
tion  of  the  dilatation  of  the  ventricles,  which  remain  contracted,  white,  and 
perfectly  empty.  The  stoppage  usually  occurs  in  from  five  to  twenty  min- 
utes after  the  administration  of  the  poisonous  dose,  and  the  animal  retains 
its  control  over  the  voluntar}'  movements  for  a  quarter  of  an  hour  or  more 
after  the  heart  has  ceased  to  beat.  Calai)ar  bean,  on  the  other  hand,  accord- 
ing to  Dr.  Fraser,  is  a  poison  that  produces  cardiac  paralysis  in  an  exactly 
reverse  manner.  It  causes  no  acceleration ;  by  exciting  the  vagal  centres 
it  diminishes  the  frequency  of  the  contractions  by  prolonging  the  ventric- 
ular diastole;  and  it  produces  the  final  stoppage  by  cessation  of  the  con- 
traction of  the  ventricles,  which  then  remain  dilated,  dark,  and  full  of 
blood.*    The  Atropin  group  of  bases,  viz.,  atropin,  hyoscyamin  (which  is  an 


'  Sfo  T.  K  FraxT,  M.D  ,  On  ih.;  Physiolcujicul  Action  of  tho  ChIhUhf  Bi>«n. 
Pliysii>iii^inu  voiu-nosuni,  rmrn  ihi.*  Traiis:ict.  «>f  the  Roy.  Sik*.  of  Edinb.,  vol.  xxiv. 
1807,  and  the  jiaper,  On  tln»  Applir.Mtinn  of  Pliysiolojrical  Trsts  fur  cortain  OrSHnic 
Poi-ons,  jind  c-pi'cially  Digilalin,  by  Dr.  Fagge  ami  Dr.  StevonSon,  in  Guy's  Uo^p. 
Reports,  1S4»),  p.  47.  *         "  * 

^  N«-iilV-l(l,  Stud.  de»  Phvsiol.  In^^tit.  zu  Brcslnu,  1805,  Heft  3. 

3   IVlikan  and  Dvl)kMw/ki,  C.  Kend.,  1800,  p.  1209. 

*  Pelikan,  ib.,  1800,  p.  2;;7. 

*  Ilanunond,  AnH*r.  Journ.  of  Mod.  Sci  ,  18.50,  July,  p.  13. 

fi  Ar.-cnious  Acid  <Cunz«',  Zi'lts.  f.  Rat.   Mod.,  Bd.  xxviii,  p.  83,  nnd  Skliirek, 
RoiohtTl's  Archiv,  1800,  p.  4si  i,  bromide  of  p<»tassiuin  (Eulenberir  Mnd  GuttmMnn, 
Complf-i   R.'ndu#,  1807,  \).   1-81),  tlio  ?alu  of  barium    and  of  oxalic   acid  il'yon, 
Ri'iclicrt'*  Archiv,  1800,  p.  1!m5),  chlnroi'orm  (P  Q.  Rnindjcocst,  Ncdcrlnnd.  Archiff, 
1805,  p.  470,  and  D»>i,'ii'l,  R»'icherl's  .\rchiv,  180»i,  pp.  'JSl  and  41-3),  iiicotin,  quinine 
(KiihMilHTu:,  (;onipt«'>'  R»Mnlu«,  1807,  p.  421,  Solyot.  ibid  ,  1867,  p.  719),  strychnia 
(lIoifH'nian,  Virchow's  Archiv,  xxxiii,  p.  394),  the  arrow  {)oison  of  Borneo  (Braid- 
wood,  Edin.  Med.  Journ  ,  Aui;.  1804i,  aconitina  \  .-Vch-i-chaniiuuw,  Kcichert's  Archiv, 
18»50,  p.  281),  callViu  and  lliciii  i  Levcn,  in   Brown-Sequard'ii  Archives  de  Physiol, 
o^ic,  1808,  p.  481 ),  di.'lphinin  i  Buiiin,  C«-ntralblatt,  1871,  p.  A80),  muscarin  iSchmiedt^ 
bcr^.  I^udwiic's  Arbcilrn.  Bd.  v,  1871,  ]•.  41  and   Bd.  vi,  1872,  p.  84),  nnd  the  i;a<«i 
sulphurvtud  hydroirr-n  (  Kaufmann  and  Ki»>cnthal,  Ri-ichert's  Art-biv,  1805,  Heft  6), 
hydrocyanic  acid  (Pn-yor,   Arcliiv  f   Path.   Anat.,   Bd.  xl,  p.  12o),  carbonic  oxide 
(P(.krn\vsky,  ibid.,  18oV,,  H«ft  I.  and  Traubp,  CVntralblatt,  No.  10,  1866),  carbi^nic 
acid  (Cyon*  Coni]it('>  licndu!*,  1807,  ft.  1049),  or  blood  saturated  with  them,  seem  ill 
to  exercise  a  dcpp'^^inj[;  inllutMice  upmi  the  motor  ganglia  of  tlie  heart,  causing  it  to 
btop  in  diastole,  in  Miin<>  instances  i  acunitina),  with,  in  other  (delphinin)  withmit,  ■ 
preliminary  .^tsiije  of  accidcratiMl  fnujuency  of  beat  and  augnieiitod  bKHxi-prerfun'. 
\Vh(<n  the  stoppxgr  in  diastoh'  is  >uddt'n,  as  nt-cur.s  when  blood  charged  with  carbunic 
acid  i>  traniimittcd  throui^h  the  In-art,  the  eliect  may  with  probability  be  referred  to 
diri'<'t  .stimulation  id'  the  extremities <»f  the  pneumogaatric  or  inhibitory  nerves.    CiO' 
chonin  accelerates  the  action  of  the  heart  (EUon,  Amcr.  Journ.  of  Med.  Scieni-e, 
1800,  July,  p.  'J).     Atropin  ^v.  Bezold  and  Blobaum,  Untcrs.  aus  der  Pbydiol.  LtUv. 
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atropin  containing  1  eq.  of  methyl  ammonium  instead  of  1  eq.  of  hydrogen), 
conium,  daturin,  together  with  physostigmin,  aconitin,  delphinin,  veratrin, 
first,  or  in  small  doses,  stimulate  and  then  lower  or  abolish  the  excitability 
of  the  inhibitory  centres.*  The  intracardiac  inhibitory  centres  are  stim- 
ulated by  muscarin,  and  with  suitable  arrangements  to  prevent  desiccation 
the  heart  of  a  frog  may  be  kept  motionless  in  diastole  for  hours  under  its 
influence,  but  if  it  be  acted  upon  by  a  solution  of  atropin  it  soon  again  re- 
flumes  its  ordinary  movement**.  Referring  to  Fig.  127,  it  may  be  said  that 
the  cardio-inhibitory  fibres  of  the  vagus  are  excited  by  nicotin  and  paralyzed 
by  woorara,  that  the  intracardiac  inhibitory  centre  is  excited  by  muscarin, 
and  that  the  connecting  filaments,  c,  f,  between  the  intracardiac  inhibitory 
and  motor  centres  are  paralyzed  by  atropin  and  excited  by  Calabar  bean. 
[Lobelina,  like  conia  and  nicotina,  paralyzes  the  pneumogastrics.]* 

247.  There  seems  adequate  reason  to  believe  that  the  whole,  or  very  nearly 
the  whole,  of  the  blood  contained  in  the  Ventricles  is  discharged  from  them 
at  each  systole ;  for  the  left  ventricle  is  very  frequently  found  quite  empty 
after  death ;  and  if  a  transverse  section  be  made  through  the  heart,  when  in 
a  state  of  well-marked  rigor  mortis  (which  may  be  considered  as  represent- 
ing its  ordinary  state  of  complete  contraction),  the  ventricular  cavity  is 

zu  Wurxburp,  1867,  p.  1),  paralyzes  the  terminal  branches  of  the  vaj]:us  in  the  heart. 
The  feeble  influence  exerted  by  the  va£:us  over  the  cardiac  movements  in  rabbits  ex- 
plftinft  in  part  their  immunity  from  th"  injurious  eftects  of  largo  doses  of  the  poison 
{tee  Dr.  Ogle,  Med.  Times  and  Gaz.,  1867,  p.  466).  For  other  papers  on  the  action 
of  f)4n!v>n<i  on  the  heart,  see  Boehm  (Studi«;n  iib.  Herzgifte.  Pamphlet  and  Abstract 
in  Centralblatt,  1871,  p.  684),  Bapch  and  User  (Wirkuni^en  des  Nicotins,  Wien.  Med. 
Jiihrb..  1872,  p.  .'^67),  Polaillon  et  Carville  (Les  EflTcts  Toxiques  de  I'Inde,  Poisons 
de  Paboions),  Gabor  (Arohiv  d.  Physi<»l  ,  1872,  pp.  523  and  680),  Ackermann  I  Wir- 
kung^en  d*^  Digitalins,  Deutsche  Archiv  f.  Klin.  Med.,  1872,  Bd.  xi,  12'^),  and  Volk- 
niann'^Sammlung  Klin.  Vortraire,  No.  48  ;  Brunton  (On  Digitalis,  1868),  Foth<»rgill 
(Digitalis,  1871),  Oulmont  and  Laurent  (On  Ilyoscvamin  and  Daturia,  Archiv.  do 
Physiol.,  Nos.  2  and  3,  187()),"  Hcdmes  (On  Ergot,  Arch,  de  Phys.,  1870,  p.  384),  Pick 
(Di'e  Wirkung  des  Spartc-ins,  Archiv  f.  Experiment  Path  ,  Bd.  i,  1873,  p  397),  Nun- 
nelcy  (  Proc.  lioy.  Soc,  June,  1869,  and  Practitioner,  1869,  p.  347,  action  of  atropin, 
dii^italin,  aconitin,  strychnia,  voratria,  morphia,  nicotin,  conium,  and  bromide  of 
potH>!*ium),  Arnstein  and  Sustsohinsky  (Ucbor  die  Wirkung  des  Calabar  auf  di(;  H(^rz- 
n<TV«'n,  in  Wiirzburg  Phys.  Untcr.^uch.,  Bd.  iii),  huchheim  and  Loos  (Neb.  die 
Pharm.  Grupjie  des  Curarin;*,  Pamphlet),  Wood  (Vifidia  and  Vcratroidia.  Amor. 
Journ.  of  Med.  S<'i.,  1870),  Weyland  (Verglei(»h  Untcrs.  ul>er  Voratrin,  Sabadillin, 
Delphin,  Emetin,  Aconitin,  Sanijuinarin,  and  Chlorkalin),  Blake  (Action  of  Inor- 
ganic Substances  whon  introduced  directly  into  the  Blood,  Journ.  of  Anat  and 
Physiol.,  1870  and  1873),  and  many  othors.  Much  discussion  has  arisen  in  regard 
to  the  question  whcth«*r  the  inhibitory  power  of  tlie  pneumogjtstric  nerves  upon  the 
heart  is  affected  by  the  administration  of  woorara,  Bernard  (Lemons  sur  les  Effets 
d<»  Substances  Toxiquos,  1857,  pp.  348,  3^2,  373),  Kollikcr  (Vinhow's  Archiv,  Bd. 
X,  U,  17,  39,  73,  and  Med.  Central  Z<-itung,  1858,  No.  68),  H.'idcnhain  (Allg.  >M«'d. 
Central  Zeii.,  1858,  No.  64),  Funke  (Lclirbuch,  4th  edit  ,  1863,  pp.  959  and  079), 
Ooltz  (Vircbow's  Archiv,  Bd.  xxvi,  p.  21),  and  Budge  (Physiologic,  1862,  p.  510), 
considering  it  to  bo  proved  that  these  nerves  are  rendered  incapable  of  transmitting 
their  inhibitory  influence;  whilst  v.  Bezold  (Central.  Z«'it.,  1858,  Nos.  40  and  59), 
Vulpian  iGaz."M6d.  de  Paris,  1858,  No.  27,  p.  429),  Mcis^ne^  (Zeits.  f.  Rat.  Med., 
3  R.,  Bd.  vi,  p.  606),  Bidder  (R»-ichert*s  Archiv,  1865,  No.  3,  p.  337),  contend  that 
this  agent  does  not  paralyze  tlie  vagi,  no  loss  of  regulatory  or  inhibitory  power  being 
observable  between  poisoned  and  healthy  animals.  Bidder  arrived  at  the  latter  con- 
clusion in  reference  to  the  splanchnic  nerves,  and  their  influence  upon  the  intestines. 
He  noticed  als(>,  in  opp<tsition  to  Kolliker,  that  in  poisoning  by  woorara  great  dilata- 
tion of  the  pupil,  indicating  the  persistencie  of  the  agency  of  the  sympathetic,  oc- 
curred, and  he  perceived  no  indications  of  paralysis  of  the  vaso-motor  nerves.  This 
contradictory  testimony  is  probably  referable  to  ditferenccs  in  the  composition  of 
the  poison  and  in  the  quantity  administered. 

*  See  Rossbach,  Verhand.  d.  Med.,  Verhand.  zu  Wiirzburg,  and  Boehm,  op.  cit. 

*  [I.  Ott,  Physiolog.  Action  of  Lobelina,  Phila.  Med.  Times.] 
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found  to  be  entirely  obliterated.*  The  total  quantity  discharged  from  eilber 
ventricle  of  the  Human  heart  at  each  systole  is  estimated  by  Valentin  at 
5.3  oz.,  by  Vol k man n  at  6.2  oz.,  and  by  Vierordt  at  6.3  oe.  ;  but  these 
amounts  are  deduced  from  calculation  of  the  (supposed)  total  of  the  blood, 
divided  by  the  estimated  duration  of  its  passage  through  the  heart,  rather 
than  from  actual  admeasurement.  The  time  occupied  by  the  Blood  in  mak- 
ing an  entire  circuit  of  the  boily  was  attempted  to  be  ascertained  by  Hering,' 
bv  introducing  prussiate  of  potass  into  one  part  of  the  system,  ancl  drawing 
blood  from  another.  He  states  that  he  detected  this  salt  in  blood  drawn 
from  one  of  the  jugular  veins  of  the  Horse  in  about  30  seconds  after  it  had 
been  introduced  into  the  other;  in  which  brief  space  the  blood  must  have 
been  received  by  the  heart,  have  been  transmitted  through  the  lungs,  hare 
returned  to  the  heart  again,  have  been  sent  through  the  carotid  artery,  and 
have  traversed  its  capillaries.  These  experiments  nave  been  fully  confirmed 
by  those  of  Poiseuille,'  and  of  Mr.  Blake/  who  found  that  a  solution  of 
nitrate  of  baryta  injected  into  the  jugular  vein  of  a  horse  appeared  in  the 
blood  of  the  carotid  artery  of  the  opposite  side  after  an  interval  of  15  sec- 
onds. The  same  inquiry  has  been  pursued,  with  improved  means,  by  Vie- 
rordt.* This  observer  affixed  a  number  of  small  cups  to  a  drum  which  was 
made  to  rotate  at  a  certain  velocity  in  front  of  the  opened  vein ;  analyses 
of  the  contents  of  tlic  several  vessels  enabled  him  to  ascertain  with  great 
accuracy  the  moment  at  which  the  salt  injected  made  its  appearance.  In 
this  way  he  determined  the  number  of  seconds  occupied  by  the  blood  in  per- 
forming one  entire  revolution  to  be,  in  Squirrels  4.39,  in  Cats  6.69,  in  the 
Hedgehog  7.61,  in  Rabbits  7.79,  in  the  Dog  16.7,  in  the  Horse  31.5,  in  the 
Cock  5.17,  in  the  Duck  10.64,  and  in  the  Goose  10.86.  He  estimates  the 
period  in  Man  at  23.1  seconds  (^ during  which  there  are  28  beats  of  the  heart), 
of  which  2  seconds  at  most  are  occupied  in  traversing  the  larger  arteries,  2| 
to  3  seconds  in  passing  through  the  smaller  arteries,  3  seconds  for  the  cap- 
illaries, and  4  or  5  seconds  for  the  venous  system,  which  numbers  must  be 
multiplied  by  two  for  the  two  circulations.  Moreover,  the  coincidence  be- 
tween the  cessation  of  the  heart's  action  and  the  diffusion  of  the  salt  through 
the  arterial  blood  bears  a  striking  corres[)oudence ;  and  it  may  be  hence 
inferred  that  the  arrestment  of  its  muscular  movement  is  due  to  the  effect 
of  this  agent  upon  its  tissue,  when  immediately  operating  upon  it,  through 
the  capillaries  of  the  coronary  artery. — This  conclusion  is  borne  out  by  a 
variety  of  other  experiments ;  which  show  that  the  time  of  the  agency  of 
other  poisons  that  sud<icnly  check  the  heart's  action  (which  is  the  s|)ecial 
property  of  mineral  poisons),  nearly  coincides,  in  different  animals,  with  that 
whi(!h  is  required  to  convey  them  into  the  arterial  capillaries.  And  it  seems 
to  derive  full  confirmation  from  the  fact,  that  poisons  which  act  locally  on 
other  parts  give  the  first  indications  of  their  operation  in  the  same  period 
after  they  have  been  introduced  into  the  venous  circulation.  Thus,  m  the 
Horse,  the  tinte  that  is  required  for  the  blood  to  |>ass  from  the  jugular  vein 
into  the  capillary  terminations  of  the  coronary  arteries  is  16  seconds,  as  is 
shown  by  the  power  of  nitrate  of  potass  to  arrest  the  heart's  action  within 
that  time;  and  nitrate  of  strychnia  injected  into  a  vein  gave  the  first  mani- 
festation of  it-^  action  on  the  Spinal  Cord  in  precisely  the  same  number  of 
seconds.  In  the  Dog,  the  heart's  action  was  arrested  by  the  nitrate  of  potaaB 
in  11  or  12  seconds;  and  the  tetanic  convulsions  occasioned  by  strychnii 


'  Kirkcs  and  Pnt^et's  llundbook  of  rhyjiU>logy,  2d  edit ,  p.  80. 

^  Ti<.'d«'munn'.s  Zfit-n'hrift,  vol.  iii.  p.  85. 

>  Annal.  de»  Seii-nces  Nat.,  1843,  Zool.,  t.  xix,  p.  32. 

*  £din.  Med.  and  Surg.  Journ.,  Oct.  1841.        <  Phys.  d.  Menech.,  1861,  p.  HI. 
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also  commenced  in  12  seconds.  In  the  Fowl,  the  former  period  was  6  sec- 
onds, and  the  latter  6^ ;  in  the  Rabbit,  the  first  was  4,  and  the  other  4^  sec- 
onds.— From  such  experiments,  it  seems  evident  that  the  rapidity  of  the 
circulation  is  underrated,  in  any  estimate  that  we  found  upon  the  capacity 
of  the  Heart,  and  its  number  of  pulsations  in  a  given  time;  and  it  is  diffi- 
cult to  see  how  the  two  sets  of  facts  are  to  be  reconciled.  According  to 
Bering,  the  rapidity  of  the  circulation  diminishes  with  age ;  and  Vierordt 
has  shown  that  with  increased  frequency  of  the  heart's  action  there  is  in 
general  an  increased  rapidity  of  the  circulation,  at  least  in  the  higher  Ver- 
lebrata.  Still  it  by  no  means  follows  that  an  increase  in  the  frequency  of 
the  heart's  action  in  a  particular  animal  should  be  always  accompanied  by 
an  increased  rapidity  in  the  current  of  the  circulation ;  in  point  of  fact,  the 
experiments  of  Heriug^  show  that,  in  the  Dog  and  Horse,  when  iuflumnia- 
tory  or  febrile  conditions,  such  as  Pericarditis,  are  set  up,  a  much  longer 
period  is  occupied  in  the  passage  of  the  blood  than  before. 

248.  The  number  of  contractions  of  the  Heart  in  a  given  time  is  liable  to 
great  variatioo,  within  the  limits  of  ordinary  health,  from  several  causes ; 
the  chief  of  these  are  diversities  of  Age,  of  Sex,  of  Stature,  of  Muscular 
exertion,  of  the  activity  of  the  Respiratory  process,  of  the  condition  of  the 
Mind,  of  the  state  of  the  Digestive  system,  and  of  the  Period  of  the  day. 

a.  Putting  aside  the  other  causes  of  uncertainty,  the  following  table  may 
be  r^arded  as  an  approximation  to  the  average  frequency  of  the  Pulse,  at 
the  several  Ages  specified  in  it,  taking  equal  numbers  of  Males  and  Females : 

Beats       I  Beats 

per  minute.  ;  per  niiDute. 

In  the  foetuit  in  utero,  .  .  140-150  :  From  tho  7th  to  tho  14th  year,     .  80-00 

Mewly-born  infant,  .  .  .  130-140  |  From  the  14th  to  tho  21st  year,    .  75-85 

During  the  1st  year,.  .  .  115-180  '  From  the  2l8t  to  the  GOth  year,    .  70-75 

During  tho -2(1  year, .  .  .     100-115  i  Old  ago,« 75-80 

During  the  Zd  year,  .  .  95-105  ' 

6.  The  difference  caused  by  Sex  appears  from  the  inqiiiries  of  Dr.  Guv,' 
to  be  such  that  the  pulse  of  the  adult  Female  is  more  frequent  than  the 
pulse  of  the  adult  Male,  at  the  same  mean  age,  by  from  10  to  14  heats  in  a 
minute. 

c.  The  influence  of  Stature  is  affirmed  by  Volkmann  to  be  tolerably  well 
defined.  The  pulse  being  caterii  paribus  less  frequent  as  the  stature  is 
greater;  so  that  if  the  pulse  of  a  man  of  5^  feet  high  were  70  per  minute, 
that  of  a  man  of  6  feet  would  be  ()G.7,  and  that  of  a  man  of  5  feet  7'18. 

d.  The  effect  of  Muscular  Exertion  in  raising  the  pulse  is  well  known;  as 
is  also  the  fact,  which  is  one  exemplification  of  it,  that  the  pulse  varies  con- 
siderably with  the  posture  of  the  body.  The  amount  of  this  variation  has 
been  made  the  subject  of  extensive  inquiry  by  Dr.  Guy;  and  the  following 
are  his  results.  In  100  healthy  Males,  of  the  mean  age  of  27  years,  in  a 
state  of  rest,  the  difference  between  standing  and  sitting  was  10  beats,  or 
about  |th  of  the  whole  number  of  beats  per  minute;  the  difference  between 
sitting  and  lying  was  5  beats,  or  j^th  of  the  whole;  and  the  difference  be- 
tween standing  and  lying  was  15  beats,  or  ^th  of  the  whole.  In  50  healthy 
Females  of  the  same  mean  age,  the  difference  between  standing  and  sitting 

»  Archiv  f.  Phys.  Heilk.,  1833,  t.  xii.  p.  133. 

*  The  rise  in  the  average  frequency  of  the  pulse  in  very  advanced  life,  contrary  to 
the  prevalent  notion,  has  been  determined  l)y  the  observations  of  Levrot  and  Mitivi^ 
(De  la  Fr^uence  des  Pouls  chez  les  Alienes),  Dr.  IVnnock  (Amer.  Journ.  of  Med. 
8ci.,  July.  1847),  and  Prof.  Volkmann  (Op.  cit.,  p.  427). 

*  Guy's  Hospital  Reports,  vol.  iii|  p.  31*2;  and  Cyclop,  of  Anat.  and  Physiol.,  vol. 
W,  Art.  Pulse. 
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wfts  7  bcftts,  or  ^V^  ^^  ^^^  whole;  that  between  sittiog  and  lying'  was  4,  qr 
^^^th  of  the  whole;  and  that  between  Btandin^  and  lywg  wa»  1  l,or  ^th  *>f  tli©  | 
whole.     Dr.  Ed.  Smith  hw^  made  si nu la r  and  very  extended  ob§ervatJf»rt)(  m 
Adults  in  Phthisi.'*  and  on  Children  in  health;  and  eonjoined  with  th**m  thw 
influence  of  period  of  the  day.     He  fonud  in  Phthisic,  at  8  a*m*.  the  in- 
crease^  on  assuming  the  sitting  and  standing  postures,  was  in  ear-h  ai*c  Hi 
pulsations  per  minute,  but  at  4  p.m.  it  was  reduced  to  7,  and  on  tbe  whole 
avf^rage  there  wils  an  increase  of  8^  pulsations  in  each  poi^ture.     In  hrsilthy 
Children,  at  S  a.m.,  12  (noon)^  5  i\M.,  and  8  r,M.,  the  increase  in  ib«?  lilting  i 
posture  WI18  12  :  9  :  7*3  i  3.5   pulsations,  whilst  in  the  standing  ptwtliin?  it  | 
wa*i  27  :  14.6  :  12  ;  10  pulsations  per  minute:  resnltB  which  set^med  In  si  bow  i 
th  a  t  the  i  r  ri  ( a  bi  1 1  ty  of  t  h  e  h  ea  rt ,  a  n  gm  en  ted  by  th  e  re^  t  a  n  d  *^  ii  i  e^f^nn*  of  1 
sleep*  nndergoe:*  a  gradiuil  diminution  thningb  the  day.     In  both  ?^xf*,  the 
effect  produced   h y  chtwf/e  oi'  posture  increases  with  the  uajual  fn-rjumrv  of  j 
the  puKse,  whiUt  the  exceptions  to  the  general  rale  are  more  nu morons  ms  ' 
the   pulse  h  hm  frequent.     The  variatiou  U  tempomrily  increasn-*!   by  the 
muscular  eifort,  involved  in  the  absolute  change  of  th^  po^urc:  and  it  t*  ' 
ordy  by  the  use  of  a  revolving  board,  by  which  the  position  of  the  body  nin 
be  altered,  with  nut  any  exertion  on  the  part  of  the  J?ubject  of  theob:?crTntion*  I 
that  correct  results  can  be  obtained.     That  the  differeute  between  f^t»m\nig  \ 
and  silting  s^boti Id  be  greater  than  that  between  sitting  and  lying*  i»  what  wo 
should  expect,  when  we  compare  the  amount  of  muscular  ctfort  rcrjurrcd  in 
the  maintenance  of  the  fwo  former  positions  respectively.     A  different  ex- 
planation has,  however,  been  ofltvrcd  by  Ludwig,  who  considers  that  the 
slowing  {*f  the  pulse  wdiich  occurs  in  the  recumbent  position  h  duo  to  cxclta* 
tion  of  the  vagal  roots  from  increased  blood-pressure  in  tliemedunH»  and  Dr, 
B  run  ton  has  observed  that  if  whilst  in  the  recumbent  position  the  head  bdd 
held  much  lower  than  the  body  the  pulse  becoaies  greatly  aecelerateti,  po««l 
sibly  from  excitation  of  the  accelerator  centres  in  the  medulla-     It  i?  stated 
by  Lichtenfel^  and  Frohlich  that  the  alternate  contraction  and  relaxatioa 
of  any  set  of  muscles  has  a  much  greater  efleet  than  their  simple  tonic  can* 
traction  in  increasing  the  action  of  the  heart* 

e.  The  pulse  is  well  known  to  be  much  accelerated  by  Mt^fdni  Exfitemtnt^ 
especially  by   that  of  the  Emotions;  it  is  al^o  rpiicker  during  l>t(/rMi<^m* 
The  ingestion  of  warm  food  prtjduces  this  effect  much  more  rapidly  than  cold; 
and  according  to  Budge,*  whilst  animal  food  raises  the  frerjueney  of  the  puh?  J 
more  (|nickly  than  vegetable,  the  effect  of  the  latter  is  much  greater  and  J 
more  permanent^     Lichtenfels  and  Frohlich  found  that»  an  hour  and  »  half  1 
after  breakfast,  the  pulse  was  13  beat^^  per  mlnuta  ijuicker  than   before|.J 
whilst  tijere  wa^  only  an  increase  of  9  beat§  an  hour  after  diuiten     n»e  pube  J 
was  le-ss  frequent  in  vegetarians,  however,  than  in  those  who  fed  on  animal  | 
diet,  and  was  probably  less  energetic*     The  ingestion  of  large  ijuantitita  of  I 
water  dimuiir?be^  the  frequency  of  the  pulse  (Bocker).     Dr,  K«i*  i^mitb  m-) 
cerlained  the  rate  at  each  hour  of  the  24  houn^  for  %*$  dayn  ^in  -cin 

health  and  tor  six  day«  in  Phthisis.     He  found  that  it  was  tiev^  jtv, 

but  that  there  was  a  progrei=Bive  increase  alter  a  meal  and  decrnise  b.-tMre  a 
meal,  so  that  there  were  four  maxima  and  four  minima  daily,  Tb«  maxima 
occurred  about  two  hours  after  a  meal,  and  were  the  greatcitt  after  breakfast 
and  after  tea.  The  day  minima  immedlattdy  preeedetl  the  meak,  and  all 
were  nearly  equal  The  pulse  invariably  fell  after  9  vm.,  m  that  supper  j 
produced  tint  little  effect;  and  the  lowe.n  |ioiiit  of  the  24  hours  wan  fn>fli  3  ' 
to  5  AM*    There  was  an  increase  lo  the  morning  with  sunlighl.     The  dif* 


^  DoDk*  d.  Unh.  A  lead.  d.  Wmmi.  zu  Wion,  IB&Sj  t.  lii,  pt  ii,  p.  149. 

*  Phydologie,  1801,  p.  275. 
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ference  between  the  maximum  of  the  day  and  the  maximum  of  the  night 
amounted  in  health  to  from  14  to  34  pulsations,  and  in  Phthisis  to  from  22 
to  45  pulsations.  The  increase  from  that  of  the  night  to  the  breakfast  maxi- 
mum was,  on  the  average,  27  pulsations  in  phthisis.  There  was  a  considera- 
ble increase  in  children  whilst  eating.  During  a  fast  of  24  hours  the 
variation  in  the  rate  was  small,  but  there  was  an  increase  during  the  usual 
meal  hours  and  an  increase  at  night. 

/.  The  pulse  varies  also  with  the  Season,  and  Dr.  Ed.  Smith  has  shown  by 
daily  experiments  throughout  the  year,  that  the  rate  of  pulsation  is  greater 
in  the  Spring  and  Summer  than  in  the  Winter,  both  in  health  and  Phthisis. 
[n  experiments  made  upon  Frogs,  Budge*  and  Calliburc^  found  that  im- 
mersion of  the  excised  Heart  or  of  the  hind  legs  in  warm  water  increased 
the  frequency  of  the  pulse  (§  243);  the  same  result  was  obtained  after  sec- 
tion of  the  Crural  Nerves,  or  after  poisoning  by  Woorara,  showing  that  it 
was  not  effected  through  the  nervous  system. 

g.  Variations  in  the  pressure  of  the  surrounding  atmosphere  exert  a  cer- 
tain,  but  not  very  well-ascertained  influence  on  the  frequency  of  the  Pulse. 
AJpine  travellers  are  well  acquainted  with  the  increased  rapidity  of  the 
pulse  which  occurs  on  attaining  great  heights;  but  this  is  probably  in  great 
measure  attributable  to  the  great  muscular  exertion  previously  made.  Sal- 
vaCore  Toramasi,  however,  observed  an  increase  of  8  in  the  number  of  his 
pulsations,  after  a  good  night's  rest  in  the  Alpi  di  Susa,  at  an  elevation  of 
between  seven  and  eight  thousand  feet.*  In  some  experiments  performed  by 
Vivenot*  on  the  effects  of  compressed  air,  in  which  the  barometer  rose  from 
742  mm.  to  1060  mm.,  the  pulse  was  observed  to  rise  3.45  beats  on  an  ave- 
rage of  79.  After  exposure  for  an  hour  and  a  half  to  the  maximum  of  pres- 
sure it  rose  to  6.33  beats,  and  to  7.31  beats  on  return  to  the  ordinary  pres- 
sure. In  other  experiments  on  the  influence  of  rarefied  air,  the  barometer 
hlliog  from  758  to  500  mm.,  there  were  observed  an  increase  in  the  ampli- 
tude of  the  radial  tracings,  as  shown  by  the  sphygmograph,  indicative  of 
diminution  of  vascular  tension ;  increased  feeling  of  warmth  in  the  skin, 
especially  of  the  face;  congestion  of  the  conjunctiva;  uneasiness  in  the  head, 
difficulty  of  thinking,  and  neuralgic  pains  in  the  forehead,  neck,  and  teeth; 
all  which  symptoms  appeared  to  arise  from  derivation  of  the  blood  to  the 
cutaneous  capillaries.  On  gradual  read  mission  of  the  air  they  soon  van- 
ished. Jaminet*  had  the  opportunity  of  examining  the  effects  of  compressed 
sir  on  many  workmen  engaged  in  the  construction  of  the  Illinois  and  St. 
Louis  Bridge  over  the  Mississippi  River.  In  this  work  the  men  were  ex- 
posed to  a  pressure  at  one  time  of  50  lbs.  to  the  square  inch,  exclusive  of  the 
15  lbs.  of  the  ordinary  ambient  atmosphere.  It  was  found  necessary  at  an 
early  period  to  construct  an  air-lock  or  intermediate  room,  where  the  passage 
into  air  of  ordinary  pressure  could  be  gradually  effected,  otherwise  most 
serioos  symptoms,  great  muscular  exhaustion,  headache,  epigastric  pain,  sick- 
ness, paralysis,  haemorrhage,  and  even  death  resulted.  M.  Jaminet  found  an 
increased  frequency  of  the  pulse  and  respiration  during  the  first  few  minutes, 
the  pulse  rising  about  15  beats  above  the  normal;  but  after  remaining  in  the 
ur-chambers  for  two  hours,  and  whilst  still  exposed  to  the  action  of  the  in- 
creased pressure,  the  pulse  fell  about  15  beats  below  the  normal.  On  issu- 
ing into  the  open  air  the  pulse  again  rose  to  15  or  20  beats  above  the  normal, 
and  slowly  in  the  course  of  an  hour  or  two  returned  to  its  usual  state. 

>  Physiologie,  1861,  p.  272.  «  Fisiolo^ria,  ISfil,  p.  244. 

•  Virchow's  Archiv,  xxxiv,  p.  515.  See  also  the  Essays  of  Bucquoy  and  Pravaz, 
on  thi«  subject. 

*  A.  Jaminet,  On  the  Physical  Effects  of  Compressed  Air  on  Man,  etc.  (Pamphlet) 
1871,  pp.  135. 
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Glabber,  in  his  S€ieuti6c  balliTon  aseents  (me  his  article  oo  Aert>«autit^  lu 
the  Eneijdopmdiu  Bnimmku^  Dth  edit.,  1875,  p.  197),  found  that  ihe  tmla*, 
which  was  76  before  starting,  increased  considerably  ft t  high  altitudes,  Wiog 
90  at  10,000  feet,  100  at  20,000  feet,  and  110  at  greater  height*. 

249.  It  may  be  advisable  briefly  to  sum  up  the  cireura^taac<*s  aff»*etiog  tW 
frequency  of  the  heart's  actiou.  As  has  already  been  pointetl  out,  th<5  heart 
not  only  possesses  an  internal  system  of  ganglia  and  nerves  by  whieh  it* 
movements  can  be  maintiiiued  and  regulated  for  some  time  afler  exri^loa 
from  the  body,  but  it  is  also  under  the  control  of  centric  aituated  in  \ht 
medulla  oblongata  ;  and  as  there  is  reason  for  believing  that  there  are  bylh 
accelemting  and  inhibitory  centres  in  the  hejirt  and  io  the  medulla,  it  is 
obvious  that  great  difficulty  must  exist  in  determining  the  cause  of  any  \mt- 
tieular  variation  in  the  frequency  of  its  beats  that  may  be  observed.  We 
have,  however,  evidence  that  the  heart  may  be  infiueneed — 

A,  By  conditions  aftecti ng  the  intracardine  motrff  ffamfiia^  which  may  be 
(1)  excited,  arid  the  frequency  of  the  pulsations  increased— a*  by  heat,  h,  hr\ 
mechanical,  chemical,  and  electrical  excitation,  r,  by  increased  blixxl-pre*- 
snre,  which  is  essentially  a  mechanical  irritant,  d,  by  varicius  poij»ODS  ;  or  i*2), 
depressed,  and  the  pulsations  lowered — a,  by  cold,  li,  by  dimtni^bed  blood- 
pressure;  e,  by  certain  poisons,  as  chloral* 

B.  By  conditions  affecting  the  intramrdiat^  itdiihitory  ganrflia^  these  \m\  „ 
stimulated  and  the  heart  slowefl  or  stopped  in  diastole  by  certmia  poi«ot» 
(Muscarin)  and  paralyzed  by  others  (Atropin)* 

c.  By  conditions  affecting  the  intracardiac  fjretleraim'  gnngtui^  lending  ta 
Increased  frequency  of  acfion.  At  pr^ent  these  cannot  he  satis facloiilj 
dit^tinyuii^hed  from  thon^e  affecting  the  intracardiac  motor  gunglin. 

D.  By  conditions  affecting  the  cardiac  inhibitortf  c^ittre.f  in  the  M€du!!4 
ohhu^aia,  such  as  increased  blofKl-presi^ure,  which  acts  directly  i»p<in  themg 
or  by  irriUition  of  the  deprest^or  nerve,  or  of  various  other  sensorii*  nerve*, 
which  act  upon  them  in  a  reflex  manner,  or  by  the  action  of  poisons  (Digi- 
talis)»  all  of  which  excite  these  centres  and  cause  slowing  of  tk%  haafl^i 
action. 

E.  By  eertiiin  conditions  affecting  the  accelerator  centrest  in  the  mednlls« 
as  diminijihed  blt>od-pressure,  mental  processes,  the  action  of  poison.-*.  They 
may  al^^o  probably  be  excited  in  a  reflex  manner.  It  will  be  seen  from  tht 
above  that  certain  conditions,  inci*eased  blood -pressure  for  example,  exorti 
a  double  action  on  the  carcJiac  nervejs.  On  the  one  band,  it  excites  the  heart 
to  increaBed  frequency  of  action  by  direct  irritation  of  Its  motor  gangHa 
through  filaments  distributed  to  the  Endocardium ;  on  the  other  band,  it 
Btimuratea  the  vagal  centres  in  the  Medulla,  and  thus  causes  slowing  of  the 
heart,  the  actual  result  in  any  given  case  being  dependent  upon  the  prepon- 
derating influence  of  the  cardiac  motor  or  medullary  inhibitory  c*?utrc». 
Usually  the  medullary  centres  are  strongest,  and  increased  blocKi-prefiflure 
causes  slowing  of  the  heart ;  but  if  the  vagi  be  divided,  ao  that  they  can  no 
longer  act  on  the  heart,  increased  btood^pressure  stimulates  the  heart  to  loor*! 
rapid  action.  The  increased  rapidity  of  the  pulse  observed  by  A-*p  to  lob 
low  excitation  of  the  central  extremity  of  the  divided  spinal  cord  has  aot 
b^en  found  to  be  constant  by  Dittmar,^  the  variation  being  prohably  depen* 
dent  upon  the  complicated  eflects  of  the  increased  blood^proBSure,  which  tin* 
latter  experimenter  has  shown  results  from  tbia  operatioo^ 
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3.  Movement  of  the  Blood  in  the  Arteries. 

250.  The  Blood  propelled  from  the  Heart  is  distributed  to  the  body  in 
general  by  a  system  of  Arteries,  which  may  be  likened  in  its  arrangement 
to  the  trunk  and  branches  of  a  tree,  except  that  very  frequent  communica- 
tions or  anastomoses  exist  amon^  these  branches,  so  that,  by  continual  sub- 
division and  inosculation,  their  distribution  comes  more  and  more  to  resem- 
ble the  capillary  network  in  which  they  terminate  (Fig.  129).     Although 

Fio.  129. 


Web  of  Frog**  foot,  stretchiug  between  two  toe*),  magnifir^d  threo  diameters :  showing  the  blood ve9- 
sels,  and  their  anastomoses :  1, 1,  veins ;  2,  2, 2,  arteries. 

the  diameters  of  the  branches,  at  each  subdivision,  together  exceed  that  of 
the  trunk,  yet  there  is  but  little  difference  in  their  respective  areas.  What 
difference  does  exist,  however,  is  with  few  exceptions,  in  favor  of  the  branches; 
and  thus  it  happens  that  there  is  a  gradual  increase  in  the  capacity  of  the 
arterial  system  from  its  centre  towards  the  capillaries,  whose  capacity  is  many 
times  greater.  The  Arteries  exert  a  most  important  influence  upon  the 
movement  of  blood  through  them,  in  virtue  of  the  physical  and  vital  prop- 
erties of  their  walls,  or  rather  of  their  middle  or  fibrous  coat,  which  alone 
is  possessed  of  contractile  properties.  We  find  in  this  coat  a  layer  of  yellow 
Elastic  tissue,  which  is  much  thicker  in  the  larger  arteries,  in  proportion  to 
their  size,  than  in  the  smaller.  On  the  inside  of  this  is  a  layer  of  annular 
fibres  composed  of  Muscular  fibre-cells,  mingled  with  areolar  tissue ;  ^  the 
muscular  element  being  much  more  abundant  in  the  smaller  arteries,  than 
in  the  larger.     To  the  former  tissue  is  due  the  simple  elasticity  *  of  the  arte- 


'  See  Prof.  Kolliker's  Manual  of  Human  Histology  (Sydenham  Society's  edit.), 
vol.  ii,  p.  291,  and  Handbuch  der  Gowcbelehre,  6  Auflag,  p.  588.  Eborth  in  Strieker's 
Human  and  Comp.  Hist.,  Syd.  Soc.  Trans.,  1870,  vol.  i.  Art.  Bloodvessels. 

In  some  vessels,  as  in  the  splenic  and  umbilical,  and  in  the  dorsal  artery  of  the 
p^nis,  a  few  longitudinal  muscular  fibres  are  found  in  the  external  coat,  whilst  in 
others,  as  the  renal,  hepatic,  splenic  and  crural,  longitudinal  fibres  are  found  in  the 
tHtemal  coaU     (Kemak,  Eberth.) 

*  Wundt  (Physiologic,  1813,  p.  287)  finds  the  coefficient  of  elasticity  of  the  arte- 
ries (i  e.f  the  weight  necessary  to  be  applied  to  double  the  length  of  a  given  piece), 
to  be  1120  grains,  and  that  of  the  veins  1465  grains.     In  both  sets  of  vessels  the  elas- 
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rial  walK  whieh  is  a  physical  property  that  per^Utn  afer  death,  until  a  s^tv 
om  i'haiJ^e  takes  place  in  their  composition  ;  whiWt  to  the  lalter  we  are  '.a 
attribute  the  pmperty  whit-h  they  imqae^fhouahly  possess  nil  eomm^-m  wili 

fiToper  muiictilar  tissue),  of  emitractiftfi  on  the  appllcatiou  of  a  atimnlnv  -. 
oDg  as  their  vitality  remains.  These  two  eoilowraeulB  are  p>itae4se»:' 
ous  degrees,  proportional  to  the  respective  predominatit'e  of  the  elari.t  i  . 
the  riuiscular  tissue,  by  the  different  parts  of  the  Arterial  wy^leni,  Tbiu^M 
was  justly  remarked  fey  Hunter,  the  eimiieiiif,  being  the  property  by  niikk 
the  interrupted  force  of  the  Heart  is  made  equable  and  continuuuA,  k  niort 
eeeu  iu  the  larg^e  vessels  more  immediately  conneeted  v^iih  that  oi^n;  wliQit 
on  the  other  hand,  the  eontrndiiitjj  is  most  observable  lu  tht*  smaller  foeda, 
where  it  is  more  required  for  regulating  the  flow  of  blooti  towards  pArCkulif 
organs.  With  the  exception  of  the  capillaries,  nrrves  partly  coiMtfliiig  rf 
dark-edged  and  partly  of  pale  fibres  have  been  denionstrateil  in  nil  ttwdi^ 
even  in  the  tunica  adventitia  of  the  nou^mnscular  veins  of  the  pirn  mater. 
The  fibres,^  after  they  have  traverssed  the  tunica  adventitia,  break  up  itiloi 
fine  network  with  here  and  there  ganglionic  cells  aud  knot<i.  It  is  to  ih^at 
ganglionic  enlargement's  that  the  local  contractions  af  the  vesseU  mrt  doe; 
which  take  place  when  the  main  trunks  from  the  svmpathetics  whidi  ««pply  _ 
them  have  been  divided^  They  appear  to  be  easily  estcitable,  but  siwo  ex*  fl 
hausted.'  ™ 

251.  The  chief  purpo^  served  by  Uie  Eiasttcify  of  the  Arieri«,  b  cmeaf 
a  purely  physical  character ;  its  effect  being  to  convert  the  intermitting  iiii' 
pulses,  \vhi^*h  the  bK>od  receiver?  from  the  hearty  into  a  CimtintfotH  mrneoL 
The  former  are  very  evident  In  the  larger  trunks;  but  they  d  '  ^Hh 
the  j^ubdi virion  of  these,  until  they  entirely  disappear  in  the  i  /%n 
which  the  stream  is  usually  equable  or  nearlv  so.  If  a  powerful  km  ^-puniD 
were  made  to  inject  water,' by  successive  strokes.  Into  a  system  of  ttibe^  wlm 
unyielding  walls,  the  flow  of  fluid  at  the  tkrther  extremities  of  tltesc  I 
would  be  as  much  interrupted  as  its  entrance  into  them.  But  if  tbo] 
ve^el  (tike  that  of  a  fire-enginel  were  placed  at  their  comtneneement,  the  Smt^ 
would  be  in  a  great  degree  equalised  ;  since  a  part  of  the  force  of  esicb  i 
would  be  spent  upon  the  compresi?iou  of  the  air  includeti  in  it ;  and  this  I 
would  be  restored  by  the  elasticity  of  the  air  during  the  tuter\'al,  which 
propel  the  stream,  until  directly  renewed  by  the  next  impulse.  A  ranch  < 
imitation  of  the  natural  apparatus  would  be  afibrded  by  a  pi|>e  whiclil 
elastic  walls  of  its  own;  thus  if  w^ater  were  forced  by  a  syrinsje  into  a  F 
tube  of  caoutchouc,  for  example,  the  stream  would  be  equalized  '  ' 
proceeded  far.  This  effect  is  found  to  be  accomplished,  at  an\  t la- 
Arterial  circulation,  in  a  degree  pri>portionate  lo  its  distance  fn^ 
and  in  this  mode  it  is,  ihat  the  intermitting  force  of  the  vcntri' 
tion  is  almost  equably  distributed  over  the  whole  of  the  interva- 
systole  and  another^  by  the  eontraction  of  the  elastic  tubes  in  t  m 
of  which  it  was  at  first  expended*  Another  etfecX  of  this  elast icily  i^  to  t!^ 
tribute  the  pressure  of  the  blood  upon  the  wall:*  of  the  artericjH  much  mart 
equally  than  would  be  the  case  if  they  formed  a  system  of  rigid  tubes. 

252.  The  a^ntraj^lHttf  of  tiie  arteries  fulfils  several  important  i^nvm.^r*  It 
is  the  principal  mean&  by  which  haemorrhage  from  the  smaller  r 
rested  after  injury,  and  even  in  the  case  of  so  large  an  artery  a»  ;.iv  .^.^.^-..rAl, 


Till**  ^^.i^*lli<Mvnt 


tidly  is  greater  iti  the  1ongitu<lin»l  ihnn  in  the  trunsversedi?-'-^'*' 
I  Df  drtflieity  of  th©  aortii,  lal^iriK  thu  m^mn  of  several  <*i|m  : 
'  the  direction  of  its  kn^lh  and  588  grains  in  the  dir<*etion  ot 

of  thr»  jugtilur  vdn  i*  1503  grains  in  the  former  and  72i  irrain*  in  tUt*  S  . 

*  Eberth,  in  Strickor's  lluni.  and  Comiiftr.  HUtol.,  Syd.  Sikj.  Traii*i 

*  S«e  Mohftmmed  Effcodi  Hsftz,  in  Ludwig'i  Arb@iten,  B7l,  Bd.  v,  p,  'io. 
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the  complete  division  of  the  tube  is  often  the  readiest  means  of  checking  the 
flow  of  blood.  Secondly,  under  the  influence  of  the  nervous  system  it  seems 
to  regulate  the  supply  of  blood  to  the  different  tissues  and  organs  of  the  body 
in  accordance  with  the  variations  of  their  functional  activity.  And  lastly, 
it  enables  the  whole  vascular  system  to  accommodate  itself  to  the  very  vary- 
ing amount  of  fluid  it  contains  at  different  times,  so  that  the  pressure  under 
which  it  is  distributed  through  the  body  is  approximately  the  same.  It  may 
be  readily  demonstrated  by  experiment.  Thus,  when  a  ligature  is  placed 
upon  an  artery  in  a  living  animal,  the  part  of  the  artery  beyond  the  ligature 
becomes  gradually  smaller,  and  is  emptied  to  a  certain  degree,  if  not  com- 
pletely, of  the  blood  it  contained.  Again,  when  part  of  an  artery  in  a  living 
animal  is  isolated  by  means  of  two  ligatures,  and  is  punctured,  the  blood  issues 
from  the  orifice,  and  the  inclosed  portion  of  the  artery  is  ahnost  completely 
emptied  of  its  contents.  This  contraction  is  much  greater  than  could  be  ac- 
counted for  by  the  simple  elaMicity  of  the  tissue ;  and  is  more  decided  in  small 
than  in  large  vessels.  The  empty  condition  of  the  arteries,  generally  found 
within  a  short  time  after  death,  seems  to  be  in  part  due  to  the  same  cause ; 
since  their  calibre  is  usually  much  diminished,  and  is  sometimes  completely 
obliterated.  A  remarkable  example  of  the  same  slow  contraction,  is  that 
which  takes  place  in  the  end  of  the  upper  portion  of  an  arterial  trunk,  when 
the  passage  of  blood  through  it  is  interrupted  by  a  ligature;  for  the  current 
of  blood  then  passes  off  by  the  nearest  lateral  branch,  and  the  tube  of  the 
artery  shrivels  and  soon  becomes  impervious  from  the  point  at  which  the 
ligature  is  applied  back  to  the  origin  of  that  branch.  This  last  fact  is  im- 
portant, as  proving  how  little  influence  the  vis  a  tergo  possesses  over  the 
calibre  of  arterial  tubes,  since  without  any  interruption  to  the  pressure  of 
blood  occasioned  by  it  the  tube  becomes  impervious.  Other  evidence  of  the 
contractility  of  the  arteries  may  be  readily  obtained  by  observing  the  effects 
of  various  stimuli,  mechanical,  chemical,  or  electrical,  upon  the  vessels  of  a 
transparent  membrane,  such  as  the  bat's  wing  or  the  frog's  foot.  Thus  if, 
whilst  we  watch  the  movement  of  blood  in  a  companion  artery  and  vein,  we 
draw  the  point  of  a  fine  needle  across  them  three  or  four  times,  without  ap- 
parently injuring  them  or  the  membrane  over  them,  they  will  both  presently 
contract  and  close ;  then,  after  remaining  for  a  few  minutes  in  the  contracted 
state,  they  will  begin  again  to  dilate,  and  will  gradually  increase  in  diameter 
until  they  acquire  a  larger  size  than  before  the  stimulus  was  applied.  When 
in  this  condition,  they  will  not  again  contract  on  the  same  stimulus  as  before ; 
the  neeiile  may  now  be  drawn  across  them  much  oftener  and  more  forcibly, 
but  no  contraction  ensues,  or  onlv  a  trivial  one  which  is  quickly  followed  by 
dilatation  ;  with  a  stronger  stimulus,  however,  such  as  that  of  great  heat,  they 
will  again  contract  and  close,  and  such  contraction  may  last  more  than  a  day, 
before  the  vessels  again  open  and  permit  the  flow  of  blood  through  them.' — 
The  comparative  effects  of  chemical  and  other  stimuli  have  been  especially 
studied  by  Mr.  Wharton  Jones,'  by  whom  they  are  thus  classified.  (1.)  Con- 
etrictiun  may  slowly  take  place,  and  be  slowly  succeeded  by  the  normal  width  ; 
this  is  the  action  of  the  sulphate  of  atropia.  (2.)  Constriction  may  (juickly 
take  place,  and  be  soon  succeeded  by  the  normal  width  or  a  width  not  much 

*  See  Mr.  Puget's  Lectures  on  Surgical  Pathology,  vol.  i,  pp.  302,  308. — As  Mr. 
Pnfjft  justly  remarks,  it  is  from  the  mechanical  siiinulus  of  iho  knife,  that  small 
divided  vc»*els  contrHCt  and  close,  so  as  speedily  to  cease  bleeding;  but  this  contrac- 
tion laiits  only  for  a  time;  and  haBmorrhago  would  commence  on  their  dilatation, 
if  their  mouths  were  not  sealed  by  coagula  of  blood  or  lymph.  When  secondary 
hemorrhage  does  occur  from  want  of  such  coagulation,  it  ii  most  ettectually  con- 
trolled by  the  application  of  such  stimuli  as,  like  the  actual  cautery,  induce  a  more 
prolonged  contraction  of  the  vessels. 

>  Guy's  HoepiUl  ReporU  for  1850,  pp.  8,  9. 
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exceeding  the  Dormal ;  this  is  tbe  result  of  tbe  modemte  lippltcatiaii  ofeoU^] 
aad  of  meehauical  aud  galvanic  irritatioD,    (3.)  Cun^itrietion  er^*-  ^^  '^-^  w< 
take  place  at  all,  or  when  it  do€s,  it  very  rapidly  gives  place  h  ua> 

tion  ;  ihig  h  tbe  eiiect  of  a  weak  solution  of  sulphate  uf  copper,  *'t  u  ^inmg 
sotutbii  of  common  salt^  of  wine,  of  opium,  and  of  spirit  of  wine.  (4* )  iHliUi- 
tifin,  preceded  or  not  by  momentary  eouatrictioo,  may  slowly  jteld  tii  am' 
strict! on,  which  remains  permanent ;  t big  is  the  efleet  of  sulpkate  of  cop|»f« 
applied  in  sitrong  solution,  or  in  substance. — The  electric  stimtiluis  m  mai 
efieutuiil  when  applied  by  the  magneto-galvanic  apparatus.  When  the  m* 
nute  arteries  of  the  me^ntery  of  frogs,  between  1th  and  y'^th  of  a  Paris  line  is 
diameter,  are  thus  stimulated,  they  do  not  immediately  re-^pund  to  the  tnilMr 
tion,  but  begin  to  contract  aUer  a  few  .seconds,  so  that  their  diatneler,  in  few 
five  to  ten  seconds,  is  diminished  by  a  third,  and  their  sectional  araa  eoost* 
qiiently  redut^d  to  about  half;  by  a  eontioued  application  of  the  ^liimislQ»« 
tW  calibre  is  so  much  reduced,  that  only  a  single  row  of  corpuscli^  am  pa*; 
and  at  last  tbe  vessels  become  completely  elos^ed,  and  the  current  of  bloo4 
arreste<i,  the  original  conditions  being  gradually  restored  on  the  ce^isqititui  rf , 
the  electric  current  ( Weber).*— Further^  it  hm  been  ascertatneii  by  thecs*j 
periment^  of  Poi&euille  (which  confirm  tho^  of  John  Hunter),  that'Viiru  i 
artery  is  diluted  by  fluid  injected  into  it,  it  reacts  with  a  loree  sufjeriorlriiJie^ 
distending  impulse;  and  that,  if  a  portion  of  an  artery  from  an  Jininml  n*- 
eenily  dead  (in  wblcb  tbecK>ntraetility  is  presenred)^  and  one  from  an  antnal 
that  has  been  dead  some  days  (in  which  nothing  but  tbe  elasticity  rm 
be  distended  with  an  equal  force,  the  former  becomes  much  more  contr 
than  the  latter,  after  tbe  distending  force  is  removed. 

253,  There  k  no  sufficient  proof  that  the  eontractility  of  the  art^rteti 
ahles  them  to  e%ert  a  propukim  action  in  any  marked  degree  aupfilotiiefit 
to  that  of  the  Heart ;  and  yet,  looking  to  the  general  feeta  already  i 
as  to  the  difiTusion  of  the  propulsive  power  through  tbe  arterial  trun 
many  of  the  lower  animals,  their  experimentally  proved  reaction  nf 
distending  force,  and  to  the  dreura^ance,  that  a  kind  of  rbyibmical  ncttoo,] 
occurring  seven  or  eight  times  in  tbe  minnte»  has  been  observed  by  Whflrto«  ' 
Jone^  in  the  vessels  of  the  Bat,  by  Schiff  in  tho^  of  the  ear  of  the  Riihlnt, 
by  Lov^u'  and  liiegeP  in  the  j^aph^enons  artery  of  the  Rabbit,  which  liitft  eo©* 
tracts  once  or  twice  in  the  minute,  aud  by  Saviotti'  and  Gunning*  In  ibe  vmmk 
oJ'  the  web  of  the  foot  in  the  Frog^  it  does  not  seem  by  any  nieims  improhttih 
that  some  such  power  should  be  preserved^  even  where  there  is  tbe  gfrnixA^ 
concentration  of  the  propulsive  force  in  the  muscnlar  walls  of  tbe  He 
is  impc*rtant  to  notice  that  ihe^e  systolic  and  diastolic  movements  of  tbe  i 
are  not  simultaneous  on  opposite  sides  of  the  IkkIv,  and  that  they  an?  qiS 
independent  of  cei-ebro-spinal  innervation,  since  they  continue  even  when  thll 
whole  of  the  cerebro-spinal  and  sympathetic  nerves  have  been  divided,  and 
even  after  division  of  the  spinal  cora  itself  in  the  neck/ 

254.  The  influence  of  the  Nermm  ^stem  upon  the  calibre  of  llae  vmBok, 
which  might  be  inferred  to  exist  from  the  act  of  blushing  and  other  i 
plienomena,  is  capable  of  experimental  demonstration.     Thus  evidenQ 
been  afforded  by  the  experiments  of  Dr.  Aug.  Waller'  that  the  appli^ 
of  galvanism  to  the  sympathetic  trunk  on  cither  sid«  of  the  neck  cauaegjH 

1  MoUer'i  Archiv,  1847.  >  LorSn,  Liidwig's  Arhoiten,  1866,  p  I 

•  Ri**gH,  Pflag^r*B  Archiv,  1871.  ■  Stviotii,  Yirchow'i  Arcbiv.  Bd.  1,  ISTO. 

•  Gunning,  Uiiderzoecklngen,  etc.,  Uircchl,  1857. 

•  S&o  Bruhtori,  h\  Lijdwi(,''s  Arbdten,  Bd.  iv,  1870,  p.  106, 

'  Syo  TompU^  Hendu^,  1*^53 ,  turn,  xinvi,  p.  *^78.— Uf  thh  remafkmbk  oiperim*ol, 
wbk'ti  fflrft  demimsirwitid  the  Intluence  of  tbu  .^ympnth^tic  Kerv*  wpun  iM  uBil^'f 
ifterj^f  tbe  Author,  by  ih«  kindneti  of  Dr.  l^V  nllerj  bft*  bim^Lf  bven  »  wita««A. 
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traction  of  the  minute  arteries  on  that  side  of  the  face,  which  can  be  well 
seen  in  those  distributed  to  the  external  ear  of  the  cat  or  rabbit.  As  in  the 
case  of  the  Heart,  the  nerves  supplying  the  bloodvessels  appear  to  have  two 
centres,  one  of  which  is  represented  by  the  small  ganglia  distributed  in  the 
walls  of  the  vessels,  whilst  the  other  is  represented  by  a  centre  or  a  series  of 
centres,  situated  in  the  medulla  oblongata  and  spinal  cord.  The  activity  of 
the  local  ganglia  is  rendered  evident  by  the  contractions  that  may  be  produced 
by  direct  irritation  afler  division  of  all  the  nerves  supplying  a  part.  The 
central  ganglia  governing  the  contraction  of  the  vessels  have  received  much 
attention  during  the  last  few  years,^  the  general  result  of  which  has  been  to 
show  that  an  important  centre  is  situated  in  the  medulla  oblongata,  its  lower 
limit  in  rabbits  being  about  one-eighth  of  an  inch  above  the  level  of  the  apex  of 
the  calamus  scriptorius,  whilst  the  upper  limit  is  near  the  upper  border  of  the 
corpus  trapezoides,  just  below  the  corpora  quadrigemina  (Ludwig  and  Thiry, 
Owgannikow  and  Dittmar).  It  occupies  the  antero-lateral  part  of  the  medulla 
oblongata  on  each  side,  and  corresponds  to  the  continuation  through  the  me- 
dulla oblongata  of  the  anterior  part  of  the  spinal  cord.  Brown-S^quard,* 
Goltz,  and  others  have  pointed  out  that  in  some  animals  (Dog)  the  vaso- 
motor centre  or  centres  must  extend  for  some  distance  down  the  spinal  cord, 
rince  on  division  of  the  cord  in  the  cervical  region,  which  is  followed  by 
general  dilatation  of  the  vessels  of  the  body,  section  of  such  a  nerve  as  the 
Bciatic  is  followed  by  still"  further  dilatation  of  the  vessels  of  the  posterior 
limbs  accompanied  by  elevation  of  temperature.  [Schlesinger*  found  that 
after  section  of  the  spinal  cord  in  the  neck,  strychnia  elevated  the  blood- 
pressure  very  decidedly.  He  also  established  that  it  was  due  to  an  irritation 
of  the  vaso-motor  centres  situated  in  the  cord.  Under  the  direction  of  Dr. 
I.  Ott,  Dr.  W.  H.  Klapp  has  experimented  on  cats,  and  seen  a  similar  rise  of 

greasure  in  the  Physiological  Laboratory  of  the  University  of  Pennsylvania.] 
ome  experiments  of  Cyon  seem  also  to  show  that  the  vaso-motor  centre  ex- 
tends into  the  brain  above  the  plane  of  the  medulla  oblongata ;  still  the  most 
important  centre  is  certainly  placed  in  the  medulla  oblongata.  This  centre 
exercises  a  permanent  tonic  influence  on  all  the  smaller  vessels,  and  especially 
upon  the  smaller  arteries  of  the  body,  maintaining  their  muscular  fibres  in  a  . 
Btate  of  general  contraction.  It  receives  centripetal  or  afferent,  and  gives  off 
efferent  or  centrifugal  fibres.  Both  sets  of  fibres,  as  Mie^cher*  and  Nawrocki* 
have  shown,  run  in  the  lateral  columns  of  the  spinal  cord,  and  enter  into  or 
issue  from  it  with  the  roots  of  the  several  spinal  nerves,  at  least  as  low  down 
as  the  eleventh  dorsal  nerve.  They  run  partly  in  the  sympathetic  cords, 
and  partly  with  the  branches  of  the  spinal  nerves.     Thus  the  cervical  cord 

>  Wiener  Sitz-ber.,  Bd.  xlix,  and  Zoit.  f.  Kat.  Med.,  Bd  i.  For  other  ptipers  on 
the  influence  of  the  nerves  on  the  bloodvessels,  see  besides  many  of  those  niontionod 
in  the  n<»lc  on  p.  316,  the  essays  of  Ludwip:  in  conjunction  with  Cyon,  Loven,  Asp, 
Hafiz,  Owsjaniiikow  (1871),  and  Dittmar  (1873),  in  Lud wig's  Arbeiten,  1800-73,  and 
Bericbte  der  Sachs.  Gesell.,  1806-71.  Also  the  papers  of  v.  Bezold  in  conjunction 
with  Stezinsky,  Bevcr,  Breymann,  Dreschfeld  and  Gescheidlen,  in  the  Untcrsuch. 
•iM  der  Physiol.  Labor,  zu  Wurzburg ;  Heidenhain,  in  PfliiKer's  Archiv,  Bd.  iii, 
iv,  and  v.;  Rover,  Nerven  einfluss  auf.  d.  Gefasse,  1809;  Thiry  and  Kowah'wsky, 
Ontralblalt,  1808,  p.  o"i9;  Saviotti,  Virchow's  Archiv,  Bd.  1,  1*870,  p.  59U;  Buds;e, 
Pfliiifer'ii  Archiv,  1872,  p.  303;  Goltz,  Pfliisjer's  Archiv,  Bd  viii,  p.  400;  Putzi-ys 
and  TarchMnolT,  Centralblatt,  1874,  p.  641 ;  Putnam,  Boston  Med  ana  Surg.  Journal, 
1870.  p.  409. 

■  Journal  de  la  Physiologie,  t.  i,  1858,  p.  209.  See  also  Yulpian,  Lemons  sur 
I'Appareil  Vai-o-moteur,  1875,  p.  206;  and  C3'on,  Hemmungen  und  Krre<j,  in  Central 
Sjst.  d.  GeiiUsnerven,  Bull.  d.  Petcrsb.  Akad.,  Bd.  xvi,  p.  97,  and  Centralblatt,  1871, 
p.  407. 

•  [Wiener  Med.  Jahrbuche,  1874.]  «  Ludwig's  Arbeiten,  1870,  p.  172. 

•  Idem,  1871,  p.  89. 
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of  the  sympathetic  contains  the  vaso-motor  nerves  of  the  skin  of  the  head, 
the  conjunctiva,  and  salivary  glands.  The  splanchnics,  which  are  exceed- 
ingly important  va:«o-motor  nerves,  supply  the  very  dilatable  vessels  of  the 
abdominal  viscera.  The  vaso-motor  nerves  for  the  upper  extremities  pase 
from  the  roots  of  the  middle  dorsal  nerve  to  the  sympathetic  cord,  and  thu* 
reach  the  first  dorsal  ganglion,  from  whence  they  pass  into  the  brachial 
plexus  (K.  Cyon).  Thase  for  the  lower  extremities  proceed  from  the  rami 
communicantes  of  the  sympathetic  into  the  anterior  roots  of  the  spinal 
nerves.*  The  vaso-motor  centre  is  ca])able  of  being  excited  and  of  being 
depressed.  In  the  former  case  the  smaller  arteries  either  of  a  definite  region 
or  of  the  whole  body  contract,  and  the  blood-pressure  rises.  lu  the  latter 
case  the  smaller  arteries  of  a  territory  of  variable  extent  dilate  or  relax  and 
the  blood-pressure  falls.  This  is  usually  accompanied  by  the  accumulation 
of  blood  in  the  veins  of  the  abdominal  viscera.  The  excitation  of  the  centre 
indicated  by  exaltation  of  the  blood-pressure  in  the  arteries  can  be  effected 
by  the  circulation  through  its  vessels  of  blood  charged  with  carbonic  acid  or 
de6cient  in  oxygen,  and  in  a  rcHex  manner  by  the  irritation  of  almost  any 
of  the  sensory  nerves,  as  those  of  the  skin,-  peritoneal  layer  of  the  stomach/ 
dura  mater,*  olfactory  or  nasal  nerves^  (providing  the  brain  is  uninjured, 
Cyon)  ;  also  by  irritation  of  the  cervical  sympathetic  nerve,*  and  by  certain 
poisons,  amongst  which  digitalis  may  be  particularly  mentioned.'  [Sjme 
poisons  like  thebain  have  the  property  of  exciting  the  vaso-motor  centre  to 
increased  activity,  but  unlike  strychnia  thebain  does  not  act  on  the  vaso- 
motor centres  situati'd  in  the  spinal  cord.j*  The  vaso-motor  centre  can  be 
depressed,  or  its  action  inhibited,  by  irritation  of  the  depressor  nerve  of  the 
vagus,  and  fibres  having  a  similar  depressing  action  run  in  the  vagus  below 
the  origin  of  the  nervous  depressor  from  tiie  vagus.  The  terra  **  Traube's 
curves"  is  applied  to  the  rhythmical  variations  of  arterial  pressure  which 
were  observed  by  Traube"  to  occur  in  animals  under  the  influence  of  Woorara 
during  the  gradual  rise  of  pressure  that  arises  after  complete  cessation  of  the 
respiratory  movements  and  section  of  both  vagi.  Kowalewsky  and  Adamuk 
and  Hering  have  siiown  that  the  rise  and  Ihll  of  pressure  constituting  Traube  s 
.curves  are  independent  alike  of  variations  in  the  heart's  action,  of  bloo«l- 
pressure,  and  of  asphyxia,  and  that  they  are  referable  to  the  circulation  of 
non-arterialized  blood  through  the  respiratory  centres,  and  to  variations  in 


1  The  ncrvop  of  tlu  vcsm'Is  supplvinj;  a  inu>rle  do  not  ahvays  Hooompany  the  mot^tr 
tninkjs  of  that  imi.-cl**.  Thus  tlu*  hiceps  t\'nii»ris  r».'c«Mv«*>  its  motor  nerve*  from  the 
sacral  plexus,  but  its  va<o-niotur  nervi'S  come  from  the  lumbar  plexus  through  the 
crural  nerve. 

*  ho  veil. 

'  Mayer  ar.d  Pribram,  Sitz.-ber.  d.  Wion.  Aknd.,  Bd.  Ixvi,  1872. 
^  Ludwii^  and  Dittinar,  Ludwiir's  Arbeit'-n,  1?<70,  p.  4. 

*  Ileririi:  and  Krat>ehiMer;  Kutherford,  Journal  of  .\nat.  and  Phys.,  1873,  vol.  vii, 
p    *2S:)  ;  Bn.wn-Sequard,  Arehiv.  (if  S<ientitio  Med.,  1873,  p.  00. 

*  Aubert  and  Koeven,  Kriti^che  Tnteriineh.,  etc.     Kostock,  18C9. 

'  Hrunton  and  Mayer,  .It)urn.  of  An.it  aii'l  Phys.,  Nov.  1872.  Callonfels  (Zeit*. 
f.  Kat.  Med.,  18oo,  Bd.  vii,  |).  101)  ha.^  noticed  contraction.*?  of  vessels  of  one  onr  of » 
rabbit  occur  when  th<>  opposite  oar  whs  pinched  ;  and  Brown-SiViuard  (Jonrn  d^  U 
Phy.««iol  ,  18'i><,  p.  004  I  ob>erved  that  on  iunnt?r>i«»n  of  nne  hand  in  cold  wiil»?r,  ibe 
ten)p«Tature  of  ilie  other  uniformly  fell,  in  tm**  instance  a?  much  as  21**  F. :  a  n^*iilt 
which  may  pi-rhapf  serve  lo  explain  tlu?  effect-  of  the  a|)pIication  of  cold  in  eontrollin^ 
bjeiniirrhai;*?  when  applied  to  some  di.>l:int  part  of  the  body. 

*  [I.  Oti.  Phv>i(di>i;v,  .\ct.  i»f  Thebain,  Bo-ton  Med.  and  Surjj  Journal.] 

9  Alli:einein.*Med.  Oentralzeitunj:,  No.-  0,  :J0, 8'J,  90,  and  Centralblatt,  18»i5.  p  ^^I. 
See  also  Thiiy.  Sitz.-ber.  d.  Wien.  Akad.,  18«)4,  p.  32;  Kowalewsky  and  Adamuk, 
Centralblntt.  is»;s,  p.  r)4o ;  Herinir,  Sitz.-ber.  d.  k.  Akad.  zu  Wien.,  Bd.  Ix.  1*)9; 
»Sander.-on,  in  Handbook  to  Phys.  Lab.,  ]>.  317,  1873. 
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the  tone  of  the  vessels.  There  are  certain  nerves  the  irritation  of  which 
causes  dilatation  of  the  vessels  to  which  they  are  distributed.  This  is  the 
case  with  the  chorda  tympani  and  with  the  nervi  erigentes  of  the  penis 
(Lov^n),  and  there  is  considerable  difficulty  in  explaining  their  action. 
The  most  reasonable  view  is  that  of  Vulpian,  who  supposes  that  there  are 
inhibitory  centres  in  the  walls  of  the  vessels,  which,  when  irritated,  restrain 
or  abolish  the  tonic  influence  of  the  vaso-niotor  centre,  and  dilatation  is  the 
immediate  consetjuence.*  The  mode  in  which  variations  of  pressure  affect 
the  pul-te  has  already  been  explained,  §  249. 

255.  The  distension  of  the  Arteries  that  is  consequent  upon  the  intermit- 
tent injection  of  blood  into  their  trunks  gives  rise  to  the  pufsation,  which  is 
perceptible  to  the  touch  in  all  but  the  smallest  arteries,  and  which  is  visible 
to  the  eye  when  they  are  exposed.  It  would  seem  to  the  touch,  as  if  this 
were  chiefly  eflTected  by  an  increase  of  diameter,  and  the  experiments  of 
Volkmann  (Hdmodynamik)  led  him  to  believe  that  the  transverse  dila- 
tation is  greater  than  the  longitudinal ;  but  these  experiments  were  made 
under  conditions  so  different  from  those  of  the  living  artery,  that  but  little 
weight  can  be  attached  to  them.  It  is  to  be  remembered,  however,  that 
every  increase  in  length  augments  the  capacity  in  only  a  simple  ratio;  thus 
a  tube  of  21  inches  in  length  will  only  contain  on^-twentieth  more  than  a 
tube  of  20  inches  long,  of  the  same  diameter.  On  the  other  hand,  every  in- 
crease in  diameter  augments  the  capacity  of  the  tube  in  the  ratio  of  the 
9quare  of  that  increase;  thus  the  capacity  of  a  tube  of^2i  lines  in  diameter 
will  be  to  that  of  a  tube  of  20  lines,  as  441  ;  400,  or  one-tenth  more.  Conse- 
quently, supposing  the  increase  of  capacity  to  take  place  eipially  in  both  di- 
rections, the  increase  in  longitudinal  dimension  will  be  far  more  apparent 
than  the  transverse  enlsirgemenU  The  total  increase  of  capacity  was  esti- 
mated by  Flourens,  from  experiments  upon  the  carotid  artery,  at  about  ^yi 
part ;  but  it  is  affirmed  by  Volkmann'  that  this  must  not  be  considered  by 
any  means  a  constant  ratio,  since  it  varies  in  different  arteries,  and  in  the 
same  artery  under  different  circumstance^?.  It  has  also  been  attributed  to 
elongation  of  the  artery,  which  was  supposed  to  be  lifted  from  its  bed  at  each 
pulsati^m,  and,  when  previously  straight,  to  become  curved;  the  impression 
made  upon  the  finger  by  such  displacement,  not  being  distinguishable  from 
that  which  would  result  from  the  dilatation  of  the  tube  in  diameter.  A  very 
obvious  example  of  this  upheaval  is  seen  in  the  prominent  temporal  artery 
of  an  old  person.  The  real  cause  of  the  pulse,  however,  may  be  considered 
to  bi*  the  return  of  the  artery  to  a  cylindrical  form  under  increased  internal 
pre.-y<ure,  after  it  has  been  more  or  less  flattened  by  the  pressure  of  the  finger 
against  an  unyielding  structure,  while  in  a  com[)aratively  flaccid  condition. — 
Tiie  fluctuations  of  the  Pulse  in  th(*  living  body  without  exposure  of  the  ar- 
tery can  be  rendered  apparent  by  the  use  of  an  instrument  originally  in- 
vented by  Vierordt,  but  materially  modified  and  improved  by  Marey,  termed 
the  Sphygmograph.  The  general  arrangement  of  the  instrument  is  shown 
in  Fig.  i-SO,  where  the  part  B  n  is  applied  to  the  forearm,  whilst  the  pres- 
sure on  the  artery  is  ettected  by  a  very  light  steel  spring,  terminating  in  a 

*  Viilpiun,  L<'v<>ns  ?ur  rAppar«*il  Va.-jo-rnotour,  1875,  p.  177  el  sen.  Other  views 
that  hiivi*  b»*en  Mdviincod  are:  1.  That  of  Schitf,  who  b«^heve«j  it  to  be  possible  that 
c«Tl.nin  nerves  may,  iii*tead  of  (•aii>iiii;  contraction,  cau>e  ehmi^Mtiori  of  muscular 
tlbr«:s.  2.  That  which  attributes  the  dilatation  of  the  arteries  to  increased  bloc>d- 
prf*:>ure  caused  by  contraction  of  the  veins;  but  this  is  contrary  to  fact,  tho  veins 
beinj;  dilati'd  in  all  cases.  3.  That  of  M.  Le^ros  (Thc^-e,  1H73),  who  re«rards  active 
cftiiiifslinn  as  tho  rr,*sult  of  increased  peristaltic  action  of  the  ve?.-els.  4.  That  it  is 
diif  111  iniTcased  utlractitin  of  the  tissues  fur  tho  blood,  so  that  a  suction  force  or  ois 
*i  iruni*:  is  e^tabIi:ihed. 

■  Op.  cit.,  chap.  xiv. 
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small  plate  of  ivon*  R  eapaljle  of  ele^^ation  or  dcprc^sjon  by  l!ic  t 
The  loDg  arm  of  the  wooden  lever  L  terminates  in  a  fine  poliU  toiichio^ 
plate  of  smoked  g\m^,  or  glazed  cArd  p,  which  h  made  to  move  gradi 
forwards  bj  clock  \vork  in  the  box  h.  The  imraediate  deeeent  of  the  i 
after  its  elevation  k  accomjiliahed  by  the  very  delicate  spring  at  rJ  [Mr.l 
Keyt,  of  Cinciiiuati^  has  substi toted  for  the  elaslic  spring  of  Marey,  an  eta^tki 
membrane  and  water  to  communicate  the  movements  of  the  arter)^  to  the  trae- J 
ing  lever.     This  instrument  can  abo  be  used  as  a  canliograph.*]     A  m^itii-, 


Fio.  my 


Mirej^i  ^h  J  Rising  mtib. 

ficAtiofi  of  Marty's  instrument  is  shown  in  Fig.  131,  by  which  the  pr 
exerted  on  the  artery  i^n  be  approjtiniaiively  njcasured.     The  tracings  i 
by  either  of  these  instrument*  &how  that  under  onlinary  circumstances  Hi 
period  of  ascent  or  of  increase  In  the  lensiou  of  the  arterial  walk  is  rapid;] 
whilwt  the  period  of  decreasCj  during  which  the  elasticity  of  the  lai^r  t 
ries  is  aeling,  is  comparatively  slow  and  prolonged,     'fhe  line  reprtisriitta||^ 
the  period  of  ascent  i^  straight,  but  that  of  <!e.&cent  presents  several  gecon-i 
dary  undulations,  which  are  not  invariably  presentp  vary  much  in  their  tonal 
and  amplitude,  and  are  partly  natural  and  partly  arti6cial,  that  t^  to  ^av,  duel 
to  defects  of  the  instrument.     Tlie  fir^t  of  these  has  been  termed  by  Mnhomt4| 
and  Galabiu  the  iidut  wuve^  though  they  interpret  it  differently;  Mr*  Ma* 
homed  considering  it  Ln  be  a  wave  of  distension  of  the  arterial  watb,  follow- J 
ing  the  primary  wave,  which  he  reganls  as  a  vibration  of  the  bloinl  col  nam,! 
travelling  with  great  rapidity,  whilst  Mr.  Galabin,  probably  more  <- 
hofdf^  it  to  be  due  to  an  oscillation  of  the  Bphygmograpli,  a;^  a  whob 
by  the  inertia  of  the  instrument.     For  when  the  spring  employed  \n  ^*JUle 
forms  of  tlie  Bphygmograph   to  depress  the  long  lever  is  absent »  no  mch 
waves  are  seen  ;  whili^t  if  it  be  present  the  tidal  wave  i?t  5iometlmi-.^  broken 
into  two,  and  if  the  ipring  has  a  short  period  of  vibration  a  s^^riej*  t)(  otnlal*-  j 


»  MBeh,  Siljcimgf  bmcht  d.  k,  Aknd.  7m  Wien  » 1868,  p.  Sfn  Bnlkfr.  of  tIo|br>rB«  Br 
^Jfo^teft  of  t!irmlngb(xm,  Jmii  ntO  uf  A  nut,  nnd   Pliy».,  m^t.  iL  vo\,  I,  p.  *S2t  Durdtto* 
Snnderstm^  Tlii*  Sphygtnogrftph  (]>amphkH)^  Mii!i**jrKHb  Mi'd.  Tinn^  titmI  Cfii£<'ttri 
1872,  hikv*i  mil  Fug^f'^ted   mtidificniicm*  In  I  be  construction  of  tl  ml  kvi-r 

For  vMriotiP  exphoirttions  of  triicingf  see  in  nddition  lo  work^  ij  .  **•»  A.  R 

('Swrpml,  in  Ji^urn.  t^f  ArmL  ?md  Phy^inL^  vol  viJ,  ]873,  p   98*  Gnliibii}.  in  idfltij  Tv) 
viil,  p.  i,  1874  ;  Knd  Biilthiixnr  FoMtT^  in  A  it  ken's  Pmetrce  of  Mtniieine. 
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%y  make  their  appearance     The  presence  of  the  lidiil  wave   in  a 
B(»g^mpbic  tracing  indit-utes,  according  to  Uahibin,  high  tension ^  di- 
'  mifiUTie*]  (diiattcity,  and  long,  laborious  action  of  the  heart.     It  is  typiciilly 
ftcen  in  cji^^eir  uf  B  right's  diseaiie,     A  :?eeond  wave  that  appeal^  in  the  peri  ml 
\  of  descent  is  termed  ihe  dierQtk  %mve^     The  cause  of  this  is  not  accurately 
^nii.     It  has  been  lield  to  be  a  reflection  from  the  peripbery,  but  tracings 


Fio.  m. 
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of  )giwiir»  rtrnvd  ^tt  ihr  urterjrjiti  Im  Ap^n>%iniattvi-\y  nii'iiAiirMi,  a,  regbterini^  lever ;  n,  kuife-iiJgB 
oat  •feieli  it  rc*t:i.  %  y,tipr\ng  pi»c«d  f*ror  the  nriKtf  i  t^terc*  rogulMtlJ^g  the  t're'sui'?,  tkio  umotiiit 

ft  "                                  '  the  n-kdmi  of  th^pphfirninKriiphiu  tradiJ|j  to  lLll^  trill.'' pulBC  i^Ave. 

Tb^  l*nJ3i»  wMvn,  Ihe  thin  liof  ihe  !(|jh5gitHiKrd{>lne  tntelDg,  the  iloltcd 

hoi-  ,        i.  ■  .  «s'M*gFnph  hntrlnir  n  »^i4'<}|]i]urt  Fipriiijz  to  kei'p  down  this  hit ef,    a,  ildul 

I  of  I  fjf  watr  f  h,  ilicrutie  Or  " print  {(lal  (H*tn>n(ljirj  wbti?  ;"  e,  tf,  two  Niuail  w»t«  Inid  whirh 

'  ill*  i  I  iiij  Ih.*  hrukcd  hy  Ihc  actluja  t»f  tht'  fl^^cutidfify  ^pHiig' 

obUiined  by  (lalabin  show,  that  iu  cases  where  it  h  well  marked,  it  i&  not 
iifiir*»r  ibe  primary  wave  in  tracings  taken  from  the  foot  than  in  those  taken 
from  the  fenjoral  artery^  and  he  considers  it  to  be  due  to  the  inertia  of  tht* 
aitcrial  ivalU,  the  acquired  velocity  of  their  expariii^ion  with  each  influx  of 
blocid  pa«»^iQg  a  little  beyond  the  point  of  eijuiiibrium,  and  again  passing 
Wttliin  it  by  recoil,  m  Ibat  a  series  of  ostcilhttiouj*  oceur  about  the  point  of 

I  c^^ilihriunL  The  feebler  the  tension  of  the  vesaek  the  more  marked  is  the 
dtcroibiiii  of  the  [m\bt.     It  k  f>eHectly  obvious  tiiat  the  fulness  of  the  pnlse, 

[or  in  other  words  the  anipHtude  of  the  pulsation.  i»  in  inverse  ratio  to  the 
t«D#ion  of  the  walls  of  the  vessel;  whilst  ibe  harflne«e  of  the  pulee  i»  indica- 

^tiv»     '     *■  rial  tension,  and  may  he  prtKiueed  either  by  the  heart  acting  with 

'gn  lud  injeeting  more  blood  than  the  arteries  can  discharge  through 

thu  Loij-ilUriea,  or  by  thr  r/on  tract  ion  of  the  capillaries  theni  selves  preventing 
thr  fxticie  of  the  blood  from  the  arteries  into  the  veins,     M,  Ala rey  has 

I  ciisarly  nbown  how  these  two  (conditions  of  the  arterial  systi^m  may  be  in- 
iuctn  by  acting  umm  the  capillaries  alone,  and  eitlier  facilitating  the  nas- 
Mtaf  tbi?  bhiod  tiirough  them,  or,  on  the  contrary,  rentlering  it  more  uifli- 
culu  Tb«»  the  tracing  obtuineil  by  his  Sphygmograpb,  alter  exposure  to  a 
ooU  bail]  of  one  minute's  duration,  h  »ho wu  in  Fig.  133.     It  is  that  of  a 
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hard  pulse,  to  whiHi  tli^re  \b  rntmderable  tension  of  the  ortennl  wttllfli 
the  cotktraction  of  rhe  ciitatieotis  capillaries  eoustitutes  ao  ob*tack*  to H 
passage  af  the  blotxi  from  I  he  artenes.    The  JiDe  of  accent  i^  accordiiiigly 


Flfi.  K«. 


siKlden  rtud  ^hort,  the  limit  of  the  elu^tidty  of  the  vesjtel  being  ^ooti  reached, 
and  the  summit  of  the  eurve  i.^  rouoded;'  whikt  the  line  ol  descent  i*  pm- 
tnu'led  atnl  gmduai,  the  reisiliency  of  the  vessel  being  onlv  capmbk  of  re- 
acting slowly  on  the  contained  hloorij  Hnd  there  is  no  tendeDcy  to  dicro- 
tism*  On  the  other  hand.  Fig.  134  shows  the  effeeta  of  a  hot-air  bath,  and 
presents  the  chu meters  of  a  soil  full  pulse;  a  pnljse  of  deBcient  taniiioa,  in 
whi^h  the  greiUer  htddnei?^  of  the  curves,  their  sharper  summit?,  and  the 
marked  tendency  to  dicrotiEni,  may  particularly  he  noticed ;  as  well  asi  the 
increaee*!  fn^quency  of  the  heart's  nction^  corresponding  to  the  dimmbhcd 

Fin.  lU. 


exertion  lahieh  it  has?  to  make  in  propelling  the  colnniD  of  hloml  thnHighl 
the  same  vessscls.     The  variations  in  the  curves  presented  by  Spbygmogmphic] 
tracings  have  for  ages  been  yjartially  and  imperfectly  recogujiteii  bv  the  i 
iuit  erufHtua^  and  depend  ou  the  vigor  and  frequency  of  thu  hmrts  action ; 
the  fulnesa  of  the  bloodvessels  and  degree  of  elasticity  of  their  wallji;  andj 
upon  the  stale  of  relaxation  or  contraction  of  the  smaller  arteries.     Thut 
am  on  list  others  may  be  mentioned : 

1.  The  large  compressible  puke  of  fever^  in  which  the  rise  and /all  of  thil 
primary  wave  curve  are  sudden.     The  tidal  wave  is  absent^  the  dicrotioj 
wave  large^  and  the  blood -pressure  low.     Here  ihe  heart's  at'tion  h  vii;op[)ttii^j 
but  the  smaller  arteries  and  capillaries  are  relaxed,  allowing  the  blcKxl  in*^ 
jected  into  them  to  pass  readilv  iJito  the  veins.  ' 

2.  The  large  hard  pnl^e  of  bright 's  disea^  with  coutructed  granular  kid- 
ney. Here  the  heart's  action  is  vigorous,  but  the  smaller  ve^^sels  are  con* 
tract ed,  and  their  walh  less  elastic.  Henee  the  blood -prea&u re  is  high^  lh» 
tidal  wave  large,  and  distinctly  separated  with  well-tnarke-d  dicrotic,  and 
even  a  third  ijieeoudary  wave  f  Gala  bin). 

3.  Tlic  small  hard  pulse  id*  |>eritonitis  due  to  less  ingorous  action  of  the 
heArt,  with  coincident  contraction  of  smaller  arteries, 

4.  The  small,  soft,  and  thready  pulse  of  collajjse,  in  which  the  heart**  fic- 
tion is  feeble,  and  the  vftMels  are  relaxed,  with  perhaps  diminution  of  supply  . 
of  blood. 

5.  The  irregular  and  the  intermittent  pulse  are  conditioni  sAeociated  with 
disease  of  the  heart  find  di.'^ordered  cardiac  innervation. 

256,  The  mode  in  which  the  pulse  i^  propagated  throu^^h  the  arterie*»ii 
made  manifest  by  the  J^illriwing  ingenious  eiCf)erim(^nt  dcvi^-d  by  M.  Many. 
A  small  caoutchouc  bag  (Fig.  135, B)  is  htted  with  valves  which  permit  ibf 
contained  fluid  to  move  only  in  one  direction,  and  is  conneeted  with  a  i*^H 
elastic  tube  forming  a  rude  re«emblance  to  the  Heart  and  Aiteries*    Ai 
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tl>iTe  diflf^rent  jmals  of  its  length  the  tube  is  pkeed  under  the  control  of  a 
Sphygmogrsi(>h,  the  levers  of  ivhich,  1 1  i'\  regUter  their  movements  ou  the 
dfuoi  c  in  buch  a  manuer  that  thetr  tracings  may  be  exactly  parallel  nod 
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eDmrnjnit>!t  with  one  aiiolhtr.     Fig.  1  HO  show*  Atieh  a  iri|j|f*  iraclng  afti^r 
i|v  ^tihtT  hatj  bttrt  hi-en  for  a  ivw  tirnew  rhythinieally  eiirii|>rt!(«sctl.     It 

ii  .....     -JeiU  that,  a«  iudiL-a ltd  hy  the  obliijut*  doited  I iiie,  tht^  period  at 
which  ibid  masimutii  of  teni^ion  u  attaiue*!,  h  latest  in  that  portion  of  the 
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V  is  most  distant  from  the  impellfng  organ,  and  a  eertaiii,  though 
m  uxlation  cK'cura  in  the  pai*Riige  <*f  the  wave  through  the  column  of 

liquuL  1  ho  actual  amount  of  this  rctanhuion  has  hccn  carefully  ijivesti- 
iletl  hv  CjirrmakJ  with  the  aid  of  hia  photo-i*phy(^mograph»  in  which  the 
^'^'atK-nfl  f»f  a  ray  of  light  reflected  fmm  a  smnll  mirror  phiccd  over  the 
Fjirfrry  are  registered  ou  a  screen  of  prcpured  photographic  coJhdioa, 
T*  d"  a  sseries  of  twenty  expeiimeul>.*  showed  that  the  pulge  in  the 

fmi  rf  at  the  wrist  was  0,18  fcc,  earlier  than  in  the  don-^al  artery  of 

the  foot ;  wliilst  the  shock  of  the  heart  occurred  0.159  of  a  sec.  e^irlier  than 
the  {>u lotion  at  the  wri^t,  and  0.087  t*ee,  earlier  than  the  puhc  in  the 
cmfiHid«  It,  therefore,  take^  about  ^th  of  a  ficcond  fiir  the  primary  pul»e- 
w»Te  U>  travel  from  the  heart  to  the  foot»  and  estimating  this  diiitttace 
iXMifildT  at  five  feet,  Ihe  rate  of  the  pulse- wave  i^^  about  thirty  feet  a  sei^ond, 
witfi  which  Wet>er**  efttimate  {28.5  feeti  clofttdy  agrees.  The  rate  uF  the 
pol«e*wave  Ij*,  of  cour*c%  to  be  carefully  distinguiiihed  from  the  velocity  of 


*  lllitfa«itiingcvn  KU«  dt^m  FriviU'LMh^^J'Htorium,  Heft  1,  1S€-I,  p.  27. 
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the  blood  itself.  (Bee§  259.)  A|^iiin/m  the  above  tracings  it  mar  be  O'ltiiW 
that  the  force  of  the  impulse,  or  the  extent  of  the  vertical  moveitietit  of  Xht 
lever,  dlmiubhei?  with  increase  of  distautse  from  the  impel  Hug  organ,  pm- 
duoing  the  effect  which  Poiseuille  dei^cribed  as  **extiDctioQ  of  the  wave/* 

257.  Since  the  bloody  like  other  flu  id  a,  is  ahuost  completely  tucomnreaei* 
ble,  all  force  applied  to  it  becomes  perceptible  bj  movement,  or  if  thi*  bo 
prevented,  by  lateral  pressure  exerted  against  the  sides  of  the  ve^tel*,  mid 
these  two,  the  velocity  of  movement  and  the  lateral  pressure,  ho^ev  i 

each  may  vary  in  amount,  always  together  repre*ient  the  impelh 
The  circumstances  that  chiefly  affect  the  movemeut  or  velocity  of  th^i  bknJ, 
independently  of  variations  in  the  amount  of  the  propelling  iorce»  an?  tbn«e 
which  iucreasse  or  diminish  the  friction  between  it  and  the  va^^^crilar  nalk 
Thus  it  will  be  retarded  by  dimiuution  of  the  diameter  of  the  tube*/  or,  i* 
was  observed  by  Hunter,  by  curves,  angles  or  divisions  in  their  counpe.*or 
by  their  rigidity,'  or  by  increased  viscidity  ru  the  blood  it.self ;  or  hv-rlv  ht 
augmentation  of  lU  attraction  for  the  tissues,  or  for  the  walls  of  tl 
through  which  it  is  coursing.  These  constitute  the  obst^iclci*  or  resi...,,,.^, 
the  pasj^age  of  the  blood;  and  with  their  increase,  if  the  imp*»tling 
remain  the  ^ame,  whilst  the  velocity  of  its  movement  is  ret-ardcd,  the:imi 
of  lateral  pre&HU re  exerted  is  increased.  The  effects  of  diminished  rt-^i^iance 
in  dim iuijf King  pres4«ure  may  be  umlemood  from  a  consideration  of  Fig.  137, 

For  here  the  height  to  wbicli 
Fi*v  1ST.  t  he  fluid  m  i  11  me  in  the  small  T 

tubes  numbered  1 — 6,  is  tli«  - 
e  X  p  resa  i  on  o  f  t  h  e  p  hmsu  re  of 
the  rK{uid  ao^iinst  the  watl« 
of  the  tube  roc  at  dll&refil 
pi>  1 1 1  ts,  I  f  t  h  e  fl  u  id  were  at*- 
tionary,  from  the  doi^ure  of 
the  orifices,  it  would, accord- 
mg  to  a  welbkuowu  law«  ri£€ 
to  the  same  htight  in  all; 
hut  wht*n  a  discharge  is  al- 
lowed  to  take  place  from  e,  j 


4 


I  Tbun  Poiseiille  (MIm.  d<»  TAeiid.  dcs  Sdi»nc«»s  Hsv..  Ktran^  »  t  ix,  p*  f>l 
ffiuod  thiit  the  oiTjnuni  of  0ind  cljsehurgpd  by  ^inftll  luhi**  inereiiM^s,  ttrten 
in  proftc»rUi»ri  to  the  dininoters  nf  thftae^  liili^A  raUiHl  to  l}w  fourth  pawrr  ; 
tuKe  of  jj^tli  mm.  in  diMmelc^r  wi!l  dii^irUurgo  16  tim^B  more  fluid  In  n  ^ 
tliioi  i»n«?  "f  jA?[tb  rum.  in  diu meter*     Tb^  ful lowing  fiicta  ure  worthy  of  r^ 
in  ponRt*clifJn  with  iK©  ph3"*ir*  uf  the  cnrctihillun  : 

Tb<?  cirt'iimtVTfmce  of  m  cyliridricnl  tube      =^  the  ridlus  x  ^*-^' 

The  fi^ctionnl  nr^^n  of  diUo 

The  iimrmnt  of  dis^t-hiirgo  from  ditto 


^  the  square  of  tho  raditw  x  3-'^- 
^  the  »»*i*tit>mfcl  Mn*n   x   the  TdodlJ 

af  iht*  ctim'nt, 
^  the  disehHfgB  ^  hj  tli««ectii>nft!  Mfm 


And  lufttlv  the  vehicitv  of  th^  current 
(Son  Vierofdt,  Phya.,  im\,  p.  88  ) 

*  So  Bnf\gi*  (PhyMoioi^ii?,  1862),  p.  SU9,  f^umd  thut  a  eirople  tub*  (a)  wtMild  deVmf 
mom  fluid  in  ii  givcm  linio  thjiii  a  hifld  on^  I'Ot  t'"**  st^ctiunHl  nr***!*  of  wfn***  »fm* 

[  wort'  Uij^Pihnr  H|iimI  to  ft,  nnd  thi:'  Mfid  tubt*  nvir<*  thnn  n  Irlfld  one  ic\  in  th**  fm»(*^r- 
lion  of  ia)  nmO  :  {h)  3400  :  fr)  S10l\  %ha  pra^supi?  biMoif  oquiil  lii  nU  thrcv-  cji*e». 

*  Tliu^  Maroy  has  &hown  that  whilst  eliiglic  and  rij;id  tuU<>*  of  ftnial  «lifim"(*f*  w**^ 
disohHrfru  m\  otpial  quiinlity  of  (hod  ii»  Jong  u^  the  ftrenm  fa  oontinii*m*,  tka  im>mfiit 
the  sir<^«ni  becomei  Iniermiitent  an  ndvnntng*^  is  n^nined  by  the  (duistie  tyl^*w»  •pp^ 
enlly  <twtng  to  ih«  dioiinution  of  friL'ti*ni  iu  the  iHtter,  ami  the  tom-nrminft  of  lb* 
jetting  movement  of  the  fluid  into  a  mopt*  tontinuoos,  uhif(>rm,and  fteady  0owf  Mnd 
herein  ymrha^ifi  we  may  perceive  an  eiplanaticm  of  the  hypnnrophy  c*f  the  Hwri,  •» 
fr<'qui.*ntly  **bsii*rvifd  at  a  eortfomilMnt  of  a  ri^id  ftort*  in  old  a^*.  Sim  Ann*!.  <!** 
Bv'L  Wai/Zcxjl.^  1857,  t.  viii,  p.  U30 ;  und  Murey^a  Tba»e  luaugurale,  IBm. 
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a  gradual  diminution  of  pressure,  indicated  by  the  diagonal  line  R  c,  may  be 
observed  as  the  outlet  is  approached.  Now,  if  the  bore  of  the  tube  be  con- 
tracted at  any  part,  as  at  o,  an  obstacle  to  the  discharge  of  the  fluid  will  be 
created,  through  the  increase  of  friction ;  the  pressure  against  the  walls  of 
the  preceding  portion  of 
the  tube  r  to  o  will  increase, 
and  consequently  the  line  of 
levels  will  rise  in  that  part, 
as  indicated  by  the  dotted 
line  R  6  c.  If,  on  the  other 
hand,  the  outlet  be  enlarged, 
the  fluid  will  be  discharged 
more  easily,  and  the  line  of 
levels  will  fall  with  great 
rapidity.  Upon  these  prin- 
ciples M.  Marey'  has  con- 
structed an  apparatus  bear- 
ing some  resemblance  to  the 
different  systems  of  vessels 
in  the  body,  a  constricted 
portion  at  o  (Fig.  137)  rep- 
resenting the  capillaries,' 
and  being  preceded  by  a 
wider  portion  for  the  Arte- 
ries, and  followed  by  a  still 
wider  one  for  the  Veins.  By 
this  instrument  it  may  be 
shown  physically,  that  the 
pressure  is  highest  in  the 
Arterial  vessels,  whilst  it  is 
much  less  in  the  Capillaries, 
and  is  lowest  in  the  Veins.' 
It  may  also  be  shown  that 
the  mean  tension  of  an  Ar- 
tery diminishes  in  propor- 
tion to  its  distance  from  the 
heart,  and  is  by  so  much 
the  less  in  proportion  as  the 
capillaries  are  dilated,  and 
thus  constitute  a  smaller 
obstacle  to  the  passage  of 
the  arterial  blood.  These 
facts,  at  least  as  regards  the 
difference  of  the  pressure  in  the  arterial  and  venous  system,  were  clearly 
perceived  by  Hales,  and  having  been  substantiated  by  Bernard  with  the  dif- 
ferential Afanonieter,  Fig.  138  ;  the  two  mouthpieces  of  which,  e  e,  being 
inserted  into  Arteries  at  the  same  distance  from  the  heart,  as  the  two  caro- 

*  Bp«»wn-SeqiiMrd'6  Joiirn.  de  hi  Physidl.,  vol.  ii,  ]>.  436.  Sow  also  Rutherford's 
Nhw  Scheme  of  the  Circulation,  Journ   of  Anal,  and  Phys.,  1872,  vol.  vi,  p.  249. 

'  The  capillaries  «>f  the  body,  though  in  their  agirroj^ate  sectional  area  much  larger 
than  the  aorta,  yet  by  reason  of  their  small ness,  and  tlie  consequent  great  increase  of 
friction  again:»t  their  walls,  operate  virtually  as  such  a  constricted  portion. 

'  In  the  living  body  the  prc-s.-iure  rises  again  in  the  veins,  as  their  collective  calibre 
18  much  less  than  that  of  the  capillaries,  though  greater  than  that  of  the  arteries. 

«  Bernard,  vol.  i,  p.  205,  1859. 


Differeutial  Manometer  of  Bernard.* 
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tidi*  or  the  two  crurale,  ihe  level  of  the  mercury  ou  the  I  wo  -<i<le«  kih 
^yal«  iiidk-iitiDg  etjuiility  of  pressure ;  whilst  if  oue  be  platvd   in  ti  i 
dblant  ariery  or  iuto  a  Veio,  the  mercury  coust^utiy  n»&4  on  ihut  *kk,  ifi^ 
showing  a  diniiDution  of  pre^ure  or  tension.    If  the  contnieted  or  capillan 
portion  of  Marey'^  apparatus  (Fig.  137)  be  enlarged,  the  fluid  iivili  |'A« 
through  ii  with  le«s  resistanee,  aud  the  pre?v*ure  in  the  Arterial  }M>rd*j|i  mil 
diminish,  and  mee  verm.     This  has  actually  been  observed  by  liernurd  in] 
the  living  subject ;  f*r  on  placing  the  mouthpieces  of  liis  ditrereutiiil  MiiDum- 
eler  into  the  two  facial  arteries  of  a  horse,  the  inercury  &!*hx1  at  the  ^tnt 
level  in  ead*  arm  of  the  iui^trument ;  but  on  divisioa  of  oue  of  the  otrvk'ttl 
eynipathetic  nerve*,  the  rnereury  in&tanlly  rose  vu  that  ftide,  inclioititi^  a  \ 
diminution  in  the  tension  of  the  ve?5Sel,     l^ow  it  has  been  ii.^certaiut^   ht  j 
M.  RmwU'S^^uard  that  secUon  of  the  sympathetic  cauj*ei»  a  dilataiitm  of  ihi* 
Capillary  ves^el^,  aud  tljerefcire  facilitates  the  pa^^sage  of  the  bloiwl  thruogb 
them;  and  the  coimii^rproof  is  shown  by  gtilvmnmig  the  cut  exlrvmity  ^ifj 
the  ??yni pathetic,  which   inducing  contractlou  of  the  Capillune^^t  itHrettfte* 
the  resi^lauce  to  the  pas^ge  of  the  blood  from  the  artenesi,  uml  nugmcnti 
the  tentiion  of  their  wallfl,  m  h  indicated  by  Uu^  j^^radual  fallinjr  uf  the  mt-r-J 
cury  on  the  galvuniKed  side,  till  the  pressure  there  may  even  exceed  I  hut  of  1 
the  healthy  cme* 

258,  The  absolute  pressure  of  the  blood  in  the  living  \es^k  has  efij^ged  ^ 
the  attention  of  many  observers.     Hales*  endeavored  to  ascert&in  it  by  Mi-I 
serting  long  pipes  into  the  vessels  of  living  aniraals,  and  meji^iri'  .-  ♦^  ■ 
height  to  which  the  blood  rose.     In  a  Mare»  when  the  tube  was  in' 
Into  the  crural  artery,  it  rose  8  ft.  3  in.;  in  two  Hordes,  ^  A.  8  in.  nt*n  .^  n 
0  in.     From  parallel  experimenls  upon  sheep,  oxen,  dogs,  and  other  4inima.KJ 
and  from  the  comparison  of  the  calibre  of  their  rp-j 
spcctive  ves,*iels  with  that  of  the  human  aorta,  Hsitf«] 
concluded  that  the  usual  force  of  the  heurt  in  num 
wonid  sustain  a  column  of  blood   7^  ft,   hijjb,  lh<j 
weight  of  which  would  he  about  4  H*?^.  ihel 

sqmireitich,   Poiseuille,  improving  on  Hu..  Js»»dJ 

employed  a  mneb  more  portable  itistrnment  in  the] 
ibnn  of  a   donbly-bent  tube  i  Fig,   13H),  eontaintug 
mercury  in  the  curve,  and  a  solution  of  C4irlx>nale  of 
ftoduHn  the  month  piece,  which  prevented  the  forai&-^ 
tioiT  of  clots.     A  still  further  iniproveai en t  waa  maile 
by  Ludwig  and  Volkmanu*  hy  placing  Poi^uille'd 
instrnment  in  connection  with  a  revolving  drum^oii 
which  tracings  indicating  the  fluctuations  of  I* 
sure  could  be  taken.     The  inslryfoeul  eo  uh 
called  the  *'  Kymograph  ion/'  and  is   rt  i  ij 

Fig,  140,  The  tracing  immediately  below  givc^  a  normal  tm 
rial  pressure  obtained  with  the  mercurial  Kymograph  from  a  rahUa, 
seuille  estimated  the  pressure  in  the  arteries  at  C.^i  inches  of  mercury  ou  ilir 
square  inch,  which  he  assumed  as  the  standard  for  all  arterie*i,  mid  fi%r  ill 
Mammalia.  But  tho  tracings  of  Ludwig  and  Volkmanu  sbovvtMl  that  ibf 
range  of  variation  \b  very  wide,  being  in  the  carotid  of  the  IXori;*?  frnm  G  U 
13  inches,  in  the  D^g  from  7-^  Inches,  and  in  the  Rabbit  from  2-:i\  inrhcs; 
in  man  it  is  probably  about  equal  in  the  larger  anerien  to  a  cnlumn  i^ 
mercury  8  inches  in  h'eight  (Ranke,  5  or  6  Faivre),  Beruar<}  has  inveatwt 
a  lighter  instrument,  termed  the  '*  Card iometer,"  the  indioatiuns  given  hy 
which  are  eomewhat  higher  than  those  obtained  by  Poii^eui lie's  appanitiiii 


Flo,  tm. 


w    m 


eler;  a^  mvuOjpkre. 


»  Buernftfltaiifs,  vol  i,  pp,  l-GO. 
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The  perioiii 


Hiieney 


vigor  of  th^ 


nf  the  bloofi*f»ressur 


th«  6«* 


COD  tract  10  lis  i 


Flo. 142. 


earL     Wimi  the"  heart  b«lf 
©lowly  and  etrf^ugly  the  i*^^ 
^ion  id  the   Arteries   varit- 
(rreatly  betweeu  eystiile  aBfi 
fliastole,  iiijil  the  nmxima  ami 
minima  of  the  prer^ure  mpw- 
seijted   hy  the  heijjl 
curves     diifer     ^^^m 
fro»>  the  mean 
the  pul^t  may  b 
tibk  even  i«  thtf  c:»f>iilanr>. 
When  tlie  cttrdiae  hv^^U  an*, 
frequent,  on  the  other  haoil 
the  max  I  mil  and  miniQiA 
the  presfsnre  differ  but  little 
fmm  the  mean  pressure ;  the 
curves  are  e^maller  and  mon 
ouTuerou^,  and  the  mean  pras^l 
sn  re  i  s  rel  a  1 1  vely  h » ir  h  *  The*e  1 
conditions  may  be  mdot^^I  aJ 
will  through  the  Vajriii*;  lucwl-  < 
erate  stimulation  of  tbi.*.  m-ne  i 
causing  slow  puke  with  mU^ 
excursions  of  the  tmr-ingi 
low    mean    prea^urt*^ 
section  of  the  nerve  il 
quicker  puke   with    Ml 
excursionfi  ntn\  higher  mcmt) 
pressu  tv.    F i ck , *  fn* m  ^i fwfi- 
menu  Tuade  on  the  do§7,  wHIt 
his  modified  spring  manometer  (Fig^.  142),  found  the  jvressun*  m  the  nghim 
fturteTcuil  t=^  atmct?ipherjc  pre^^ure) ;  during  in^piriitinn  it  sank  to  H»  mm.  i 
mercury  heh>w  zero.     In  the  right  ventricle  the  pressure  varied  from   lA^f* 

mm.,  and  in  the  left  ventricle  the  nuiKimum  fra* 
Via.  14  5.  140  mm.     The  pres=8ure  of  the  lihtf^d  in  the  ft»»ru 

roiie  as  high  during  thf*  perifKt  of  *y*iicjle  m  in 
the  ventricle,  but  it  iVul  n<»t  fall  s^c/  low  iiiii inir 
the  dia^Jtole.  Bad  on  d/  workfoj.'  iiniler  Fit'it 
and  umng  hh  Cspring  man  iaii«|  thi^ 

pre^tirc  of  the  lihwid  in  ihi^  |  iryarttTY 

constantly  helow  GO  mm.  of  mercnrv  :  aftirr  k^* 
tiou  of  the  spinal  cord,  it  fell  coni*idcmbly,  iwi 
when  the  cord  was  strmidated  elect ri**ally,  it  m^t 
only  nvsc,  iis  occnrt*  in  the  M^tcmic  artexiise,  but 
ro»e  cons^idcrahly  above  the  normal,  this  Wuiii 
due  to  the  muscular  contraction  excited  in  the  Iwdy  generally.  Worm  MiiIW 
hag  ?«bown  that  when  the  tension  of  the  vascular  fry ^tem  Um  been  lowered  by 
the  section  of  the  spinal  cord  and  cardiac  ucrves*  the  blood -pressure  c!iiraoc»t 
again  be  rai^d  to  its  normal  height  by  tije  injection  of  bloml  into  the  ve^ 
sels.     He  also  showed  that  blood  to  the  extent  of  two  per  cent,  of  the  Mf 


ter«r  D,  aijrl  Oitth  (*>  the  wrttijiff^nce^lf  w,  Ihe  n'Mirttntj'  nf 
the  iuoT*nnr«t  of  irlik-h  bjiccurwl  hy  llir  Avcniid  hmJ  k;  k, 
l««4uti  (ulur  hy  whlt-li  I  lie  cjiTlty  uf  llit?  »|iriii|ir  I*  in  Cfimmti- 


Normal  nrtiTlal  trai  in^ft  wlttnlncd 
with  tlht'  SpriiiR  Kymf>prTiph  •  ilojf 
under  Cura  fa. 


>  Verlmtid.  d   WurKbtifjr  rbys-MtnL  Get,,  Bd.  W,  \hlZ,  p.  22S- 

'  Inuut^.  nUjit^rt  ,  Wurjiiiur^,  1874. 

'  Sitz.-1>er:  d.  SicbB.  Oe«.  d.  Wis*,,  187S,  p.  &Ta. 
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Km.  Ill, 


Weight  can  be  withdrawn  from  the  body  without  materially  lowering  the 
btotMl-pre^rfiure.  Tho  influeiiee  of  the  rf»§pira* 
lory  m<>veineot*)  ypnn  the  pressure  n(  the  hhKKi 
in  the  ve^elw  ii  of  nuich  interest :  after  an  or- 
dinary  expiraliou  the  heart  aud  large  vesaelti  iu 
the  chest  are  exposed  to  u  |ire^Kure  acting 
I  h  r*^  1 1  ir tr  t  h  e  t  iH&u  G  of  t  li  e  1  u  n  g;  w  h » r h  a?  W  li  o  d  t 
hu  I  out,  16^  eipjul  to  the  difference  be- 

iv^  if  reus  are  of  the  air  on  the  one  hand 

(^  iL  of  loereury)  nm\  the  elasticity  of 

UiL  ^  J  ting  in  the  opposite  direction  (^  7.5 
mm.  of  mercury)  on  tlie  other  j  whilst  on  the 
vei^cs^dtt  ouii<ide  the  full  pressiure  of  the  air  is  ex* 
i^rtin].  The  bloiKi-n4viht*3  in  the  chest  being 
ihost  eJtpo;?eii  to  less  pressure  than  those  of  the 
re5l  of  tht'  !*<k1  y,  have  n  tendency  to  dilate  on  til 
iwt mined  by  the  elaMicity  of  their  walls?.  The 
^ftnous  iHirrt^nt  i?i  affected  to  a  greati^r  degree  Ludirig'ssironnihr 

tlian  the  arterial,  since  the  walls  of  the  veiugi 

art*  thinner  and  le^  efitstie  than  those  of  the  arteries,  fn  onUnary  inspi- 
mlion  the  da^^^ticity  of  the  lungs  rises  to  9.0  mm,  of  mercury,  and  iu  extrn- 
(mltnary  r6.«  pi  ration  it  would  even  support  a  column  amounting  txy  30  mm. 
wf  merrury  in  height,  and  the  suetion  power  of  the  cavities  is  eorre^pond- 
injfly  increased.  In  consequence  of  the  descent  of  the  diaphnigui  this  is 
rhirfly  exerted  upon  the  veins  of  the  abdominal  viscera.  In  expiration,  on 
the  eonlnir\',  the  pressure  on  the  thoracic  venae  Is  being  increased,  the  escape 
f>f  iht?  blood  by  the  arteries  ia  facilitated,  whilst  there  is  a  tendency  to  arrest 
tfan  flow  in  the  veins;  the  valves  in  the  latter,  however^  offer  an  obstruction 
to  a  backward  flow^  even  in  extreme  expiration,  beyc»nd  certain  limits.  The 
grnrml  ri':«ult  of  this  is,  tliat  the  pres-sure  of  the  blood  in  the  veins  of  the 
body  at  brge,  rises  «iuring  expiration,  and  falls  during  inspiration.  In  the 
ftrtrrinl  tracing  similar  curve5  occur  (com plicated  of  course  with  those  of 
the  rn r<liac  b<*nt.^),  but  in  the  oppoifite  direction*  the  aseending  portion  iif 
the  inirv*^  (corresponding  to  increase  of  pressure »  occurring  chiefly  tluriug 
the  period  of  iiisip*rHiiou»  the  descending  portion  of  the  pressure -curve 
chiefly  occurring  dn Hug  expiration.  The  rise  of  blortd-pre-<!^ure  in  the  ar- 
teries during  in.<pinitJou  dcj>«"nd&  on  the  heart  becoming  filled  with  more 
""  iixl  froro  the  veins  at  this  periwl  than  during  ex |>i ration,  and  hence  acting 
ire  vtgonrnfily  nod  at  the  *»anie  time  more  freijuently.  But  ina^imucb  a** 
6llicig  of  the  cardiac  cavities  with  blocKl  does  not  take  place  at  t!ie  com- 
f-*'nH*nt  of  infipi ration,  nor  the  dimini.shed  su|iply  i^f  blood  to  them  with 
till  1 1  cement  of  expiration,  and  since  further  the  diminution  of  pres* 

fa  tl*f?  thoracic  cavity  in  expiration  exerts  a  suctional  power  upon 

ih'  -of  the  arteries,  whilst  the  increase  of  pressure  dnrmg  expira- 

tioo  [»jiN>  to  drive  out  the  blood,  it  comes  to  pass,  as  wa^  shown  by  Ein* 
bnxlt.^  that  the  respiratory  phases  represented  by  ihe  dotted  line  iu  the 
'  il  (  f\  L,oi  re  ^  Fi  g .  1 45 )  do  u  o  t  ex  a  ct  1  y  eo  r  res  |  >o  n  d  w  i  t  f  i  the  v  a  ri  a  ti  ona 

i>ut  that  the  pressure  continue.H  to  fall  for  a  little  while  after 
i-ent  of  inspiration,  and  continues  to  rise  f€»r  a  little  while 
tit  -ncement  of  expiration,     Curven  essentially  similar  to  those 

»»b«*jrvi*ij  in  normal  reapiration  are  seen  wliea  the  animal  ia  poisoned  by 


'  -bpr  il   k   Akjid.  xu  Wii^n,  1859,  p.Z4h.     Siu-  nUo  Fnnk%  Phyi^iolo^if*,  Band 
,  ji,  136  J  Wi*ndt,  r*liv*-i*4i*giut  18T3,  p,  314;  Stiiitlerflua,  in  Hiindbot/k  for  tho 
biulugieul  LziWrttiory^  iSTl^i  p.  SH. 
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woomra  if  artificial  respiration  be  maiatained  ;  on  fiLspending  tht*  artlfl*1 
ciai  respiration  the  meao  pressure  rbe**,  and  curvt^s  iTratibt*'?  t-urvesl  ibeaT 
begin  to  appear,  which  gradually  become  more  and  more  marked,  mud  ait 


¥i<j,  m. 


synch ronouH  with  the  suppressed  respirations;  they  are  probably  partly 
d"e|5endent  on  the  relation  of  the  gases  in  the  blood  to  the  vaso*niotor 
€entre»  and  partly  to  the  direct  action  of  the  imperfectly  arterializ^d  blood 
upon  the  ve^5eb  ihetnselvea. 

259.   The  ntti^  of  movanait  of  the  blood  in  any  artery  can  only  be  gnei^B^id 
at  ail  regartb  the  human  subject  from  the  comparative  results  of  ex  pi*  ri  mini  ia 
Upon  l!*e  lowfT  ariitnals  ;  hut  several  melliods  have  been  suggested,  by  whi<*li 
it  may  hu  HRTrtained  in  ibem  with  s*mie  approximation  to  tnitli.     Ont*  *if 
these,  employed  by  Volkniannj  and  termed  by  bim  the  lI;em<»drumomHiT, 
is  exhibited  in  Fig.  146,  where  A  shows  the  iui^trument  as  it  ii  inst^rtttl  h 
tween  the  two  cut  extrenulies  of  an  artery  or  vein.     In   thls^  fK*siiitiii  the 
blood  continue!?  to  flow  in  the  original  direction  j  but  by  a  simph*  nnx-hjiti- 
ieal  arrangemeiit  its*  course  can  be  suddenly  diverted  (as  in  Hk  ihronuh  ih^ 
bent  tube  hUed  with  ^erurn  in  the  direction  of  the  arrowz*.     The  rapidity  ol 
the  eurreuL  may  be  readily  estimHbed  by  timing  its  cour»*e  alonj;  the  si-alr  «! 
the  side.      Lntlwiji;  ha*  liugget^ted  an  instrument  which  he  has  nnmrd  ti 
**Stromuhr'*  or  Meter,  the  pnnciples  of  which  are  represented  iu  Fig.  144^ 
This  consists  of  an  arched  glass  vessel  with  two  legs,  of  wdricb  ii  und  c  ar< 
considerahlv  dilated,  and  the  extremities  of  which  iire  inserted  into  the  vp* 
eels;  that  directed  towards  the  heart,  (\  being  filled  with  pureoSivt*  oil,  whil4 
the  other  directed  towards  the  capillaries  is  filled  with  detihrinated  blmnL 
If  the  capacify  of  the  limb  c  up  to  the  point  H  be  kuoMu.and  tbc  time  ocni- 
pied  in  filling  it  he  noted^  it  isea^^j  to  calcuhite  the  f|uutitity  of  bhn>il  (laa^ttif 
through  the  artery  in  a  given  period.    At  i>  i^  a  mef-hanit-al  arningomeiit  liv 
which  the  current  of  bhiod  through  the  two  limb:^  mny  be  reversed,  and  thi* 
exjieriment  repeated  on  the  same  animah     A  third  iuiStruntcnl  adapt^^i  tor 
measuring  the  rapidity  of  the  blood'Current  is  that  rcpresenled  in  Fig.  147, 
devised  by  Vierardt,  and  termed  by  bim  the  *'  Iltematuchomeler/*    This 
consists  of  a  sniaU  glas^*  cell  filled  with  water,  with  two  nionthpiet*e»  rbriiK 
sertion  into  the  ve^^el,  and  a  light  vertically  suspended  and  easily  movable 
pendulum,  placed  close  to  the  point  of  entrance  of  the  current*  fn>m  tl»e 
up|>er  extremity  of  the  divided  artery.     The  amount  of  deviation  from  ibe 
I)erpendicular  prodnt^ed  by  the  instreauilng  blowl  on  the  i)enduluin,  afc^  nu-ai- 
ured  by  the  scale,  indicates  the  velocity  of  the  current.     Vol k man n  pm* 
the  rapidity  of  the  stream  in  the  carotid  of  the  Uoi^se  as  from  12-17  iinte 
per  second,  and  in  the  Dog,  at  about  12  inches  per  second.     In  thi!«  cniml 
flTtery  of  the  Dog,  it  bad  fallen  to  GJ  inches,  and  in  the  metatan^al  of  ll*f 
Horse^  to  2^  inches  per  second.     Vierordt  estimated  it  at  ll>J  inches  pef 
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second  in  the  carotid  of  man,*  and  at  2^  inches  per  second  in  the  metatarsal 
artery.  Chaiiveau,'  with  a  similar  but  somewhat  improved  instrument,  esti- 
mated the  rapidity  of  the  blood  in  the  carotid  of  the  Horse  at  20.28  inches 


Fio.  146. 


I 


!• 


Volkmann's  Hsemodromometer. 


per  second  during  the  systrde  of  the  heart,  falling  to  8.78  inches  during  the 
diai^tole.     Volkmanu  found  the  rapidity  of  the  current  in  the  jugular  vein 


FKi.  147. 


Fio.  148. 


HKmatochuiiii-l^rof  Vierordt : 
a  and  6,  mouth  pieces. 


M.  Ix)rUt'8  Instrunif.'nt. 


of  the  dog  to  be  9  inches  per  second,  and  Ludwig  and  DogieP  found  it  to 
vary  in  the  carotid  of  the  rabbit  from  4  inches  to  9  inche.s,  an<l  in  the  carotid 
of  (he  dog  from  14  to  nearly  30  inches  in  the  second.     Cyon  and  Stein mann 

»  Phvsiolot:i.s  p.  110,  1861. 

«  Archiv.  Gen.  dc  M6d.,  vol.  i,  18H1,  p.  113;  and  Jour,  do  la  Thys.,  18r,0,  p.  695. 

•  Ludwi<;V  Arbi'iten,  1867,  p.  196  ;  see  iilso  Notes  on  some  Experiments  on  the  rato 
of  flow  of  Bl«n»d.  and  some  other  liquids,  throujjfh  Tubes  of  Narrow  Diameter,  by  Drs, 
Duncan  and  Gami^ee,  Journ.  of  Anat.  and  Phys.,  vol.  v,  1871,  p.  ISO  ;  and  Cyon  and 
Steinmann,  Bull,  de  I'Acad.  Imp^riale  de  St.  P^tersbourg,  t.  viii,  p.  55. 
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foiiod  lliat  great  diminution  la  the  rapidity  of  the  flow  of  blocKl  f^illi 
section  of  the  ^pimil  cord,  wLicli  was  clearly  due  to  the  consetjuent  pa 
of  the  vaso-motor  nervei?,  and  lh<^  afcurtiulation  of  bloocl  in  the  veins  aft! 
viscera.  The  instrumeut  adopted  by  M.  Lortet^  (Fig,  148)  i?  fuunde»]  on 
the  i^ame  principle  as  the  one  eyggested  by  MM,  Chauveaii,  BcrtoluB,  aii< 
Luroyeinte,*  It  CHmsiste  of  a  short  tube,  open  at  both  ends  (#i ),  which  a 
jutrtHluced  into  the  artery.  On  one  m\e,  neur  the  middle,  h  a  square  open- 
ing (6),  which  u  closed  6y  a  plate  or  ring  of  camitehouc.  The  caoutchoye 
w  pierced  by  a  long  and  light  lever  (c),  the  s^hort  and  somewhat  broader  emi 
of  which  hanjEfi^  in  the  current  of  blood,  whilst  the  long  end  reeordd  iti^  eor- 
reeiKitidiog  but  opposite  raoveroenU  on  a  rotating  drum,  the  fulcrum  \mtig 
the  point  where  the  lever  is  gripped  by  the  sides  of  the  opening  in  the  itidia< 
rubber.  Connected  with  the  instrument  is  a  ephygmo^ieope  and  a  sphygmo- 
gruphic  apjiaratua,  with  the  object  of  obtaining  trneea  of  the  [lul^ation^^  tli* 
tube  of  the  former  being  soldered  on  the  one  band  into  the  side  of  ih«  pri- 
mary or  hiemodromographic  tube^  and  on  the  other  being  connected  with 
elastic  cushion  fille<i  with  air^  and  supporting  a  lever  the  movemeutf?  of  which 
are  registered  just  beh:nv  thoi?e  of  the  lever  indicating  the  rapidity  of  the* 
movement  of  the  blood.  Fig.  149  shows  a  double  normal  triKnug  <ibiiiin«l 
from  the  carotid  of  a  horse  with  a  pulse  of  40  per  minute.  Each  complete 
trace^  therefore,  occupied  a  second  and  a  half,  From  this  tt  will  be  seen 
that  the  increase  of  the  rapidity  commences  briskly,  the  line  of  ascent  beiflf 

Fia.  149, 


Tttiddg  obliltifd  hf  M.  Loriet^e  InBtmiaetiL 
The  3^1e  Jibovf  indicntet  tvtitli«or  *  «evoD(t.    V,  iniclDs  indicating  the  tiri»t(oti»  in  llin  nf^lllf*' 
tbfl  bloodi    P^  trmfUjg  ot  Ihc  pulse. 

eharp^  and  i-eaching  its  acme  in  the  space  of  two-tenths  of  a  ^cond.  Inlb* 
following  tenth  the  line  rapidly  falls.  In  the  fourth  and  fifth  tt^ntha  lti« 
rapidity  diminijshes  insensibly,  and  in  the  sixth  the  line  is  almost  hon^cmtalf 
though  still  above  the  zero  line.  At  the  seventh  tenth  second  is  a  slight  «?1** 
^  Vation,  ^^howing  a  dicrotisra  of  rapidity.  During  the  succeeding  eighr-tenlh' 
of  a  second  the  dine,  though  descending,  presents  undulations  corrt?spading 
to  oscillations  of  the  rapidity*  Amongst  the  more  iinportant  reault*  of  t'** 
observations,  M.  Lortel  believes  he  has  shown  that  the  blood  attain:?  ttjira«<* 
iraum  of  rapidity  shortly  before  the  systole  of  the  heart,  as  indicatcil  hytbe 

J  Kectierehe*  #ur  la  Vite**©  d«  Coura  du  tSmng,  Hc.»  rnria,  lB(i6w 
■  Journftl  de  la  Pbyiiologie,  Bruwn-Sdquard,  1860»  L  in. 
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iiie  in  the  arteries,  reaches  its  greatest  liiteQsity.  The  cloiure  of  the 
did  vaWes  exerts  little  iatiueofe  on  the  rapidity.  The  rapid ity  k  great- 
daring  expiration,  and  least  during  inspiration.  Section  of  the  spinal 
cani  in  the  at lo- occipital  region,  fir  of  the  Pneumogastrics,  increane^  both 
the  ^peed  of  the  blood  and  the  pres^anre  in  the  arteries.  On  ligature  of  ooe 
€»gQtid  the  rapidity  of  the  blood  wa**  found  to  increase  in  the  other. 

4.  3fov€m^nt  of  tJie  Blmtd  in  the  (kpiilarie^. 

260,  In  Man,  aa  in  all  the  higher  Animals — in  the  adult  caDdition  at 
&t — the  Capillary  circulation  is  almost  entirely  carried  on  through  tubej 
l¥ing  distinct  membranous  parietes,  the  only  known  exception  being  in  the 
Ciae  of  the  spleen  (|  157,  ii),^  The.se  tubes  commonly  form  a  minutely- 
ftnaatomo^ing  network  (Fig.  150 j^  into  w^bich  the  blood  is  brought  by  the 
ramifiealions  of  the  arteries  on  one  aide,  and  from  which  i%  is  rt;turned  by 

Fio.  !m 
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■i 


^i 


■'l-m. 


^-„- 


>Ki<^ 


3,  2, 2j  111  brtti<?be»j  »,  3^  pigmen*  c«Ui, 

the  radicles  of  the  reins  on  the  other  The  walls  of  the  tubes  are  com- 
po§ed  of  a  delicate  membrane,  on  the  inner  surface  of  which  is  a  single  layer 
of  epithelial  cells  }>osses8ing  nuclei,  and  of  fusiform  shape^  in  this  ra^jiect 
rt^embling  the  cells  lining  the  smaller  arteries,  but  differing  from  those  in 
the  interior  of  the  veins,  which  are  loxenge-shape^,  with  wavy  o^itline. 
According  to  Eberth'  (Fig.  151 ),  the  walla  of  the  very  finest  capillari^,  m 

'  TH<!  cnpillrsrr  circnifttion  may  bo  Wfll  s^^n  in  the  web  nf  tlm  foot,  in  the  Jutii?, 
iTi*»^r*tery,  htid  tMntrue  of  ih©  fpt^g^  the  liiil  uf  iftdf>ii[^6i  and  *jf  fl^h  (jfeo  CMttjn,  Qujirt* 
Jinirn  *jf  Mic.  Seii'tire,  1870,  p.  *2M]^  Hnd  in  the  piTittrnPum  of  mammHl:^  l*y  the 
plan  fiigfi'*tpd  by  Strieker  nnd  Biirdon-Srtr»d«'rson,  in  which  a  i;iane»'pt£T  i?  chlornl- 
Ucd,  the  nl>d*»rriin«l  civvtly  upt^ned,  find  ihe  fiintjiitiim  floftLed  in  a  wiirm  b»th  vun* 
tJiinini;  c<miiimn  Atili  in  sidtiiifin.     {^^  CJniirt.  Journ.  of  Mic.  8l'L,  Ur^t.  IH70  ) 

*  Wtirxbnrg,  Nnltirwi?^.  ZeiL,  Bd,  vi,  1805|  p.  27,  wnd  Strieker's  Hum.  nml  Gomp, 
fiUiology^  Syd.  S<ic,  Trnns.,  Art.   Blood ve^aeb.     Sue   mho  Chrzunsizrisewsk^^  Vir- 
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those  of  the  retina  and  brain,  are  composed  of  the  intimately-adhering  cells 
alone,  without  any  baperaeut-membrane,  this  last  only  becoming  perceptible 
in  those  of  larger  diameter.  It  ib  possible  that  minute  interspaces  may  exist 
between  adjoining  cells,  through  which,  when  the  pressure  of  the  blood  ii 
increased,  the  white  and  even  the  less-yielding  red  corpuscles  may  escape.* 
Nou-medullated  nerve-fibres  have  been  traced  by  Beaie  to  the  capillaries, 
and  by  the  aid  of  the  gold  method  of  staining,  Klein  has  followed  still  finer 
fibres  into  the  substance  of  the  capillary  wall.'  The  diameter  of  the  capil- 
laries varies  in  different  animals,  in  accordance  with  that  of  their  blood-oo^ 
puscles;  thus  the  capillaries  of  the  frog  are,  of  course,  much  larger  than 
those  of  Man.  The  ordinary  diameter  of  the  latter  appears,  from  the  meas- 
urements of  Weber,  Miiller,  and  others,  to  vary  from  about  the  -fo^th  to  the 
TjTj^fj  j)th  of  an  inch  ;  the  extremes,  however,  are  stated  by  Kolliker  at  as  litlk 
as  7g\,  f,th  and  a»  much  as  ,^*^  (^th  of  an  inch.  As  the  diameter  of  the  human 
capillaries,  however,  can  only  be  examined  after  death,  it  is  probable  that 
these  statements  may  not  be  altogether  correct,  particularly  as  tubes  of  the 

smallest  of  the  above  sizes  would 
not  admit  ordinary-  blood-corpus- 
cles. The  dimensions  of  the  indi- 
vidual vessels,  indeed,  are  by  no 
means  constant;  as  may  be  seen 
by  watching  the  circulation  in  anv 
transparent  part,  for  some  little 
time.  Putting  aside  those  general 
changes  in  diameter  which  result 
from  circumstauces  affecting  all  the 
capillaries  of  a  part,  it  may  be  ob- 
served that  a  single  capillary  will 
sometimes  enlarge  or  diminish  bv 
itself,  without  any  obvious  caui>o. 
Thus  the  stream  of  blood  will  .some- 
times be  seen  to  run  into  passages 
which  wore  not  before  perceived; 
and  it  has  hence  been  siipix)?^^! 
that  thev  were  new  excavations, 
formed  l>y  the  retreating  or  re- 
moval of  the  solid  tissue  throuirh 
which  it  jmsscs.  But  a  more  at- 
tentive examination  shows,  that 
such  passages  are  real  capillaries,  which  did  not  at  the  time  of  the  firel 
observation  admit  the  stream  of  hlood-corpusdes,  in  consequence  of  their 
small  caJihrc,  or  of  some  other  loctil  iinpodinient ;  and  that  they  are  brought 
into  view  by  the  simple  increase  in  their  diameter.  The  compression  of  one 
of  the  small  arteries  will  «renerally  orcnsion  an  oscillalitm  ot  the  corpu^les 
of  blood  in  tlie  smallest  capillaries,  which  will  be  followed  by  the  disappear- 
ance of  some  of  them  ;  but  when  the  obstruction  is  removed,  the  blood  soon 


A.  Fiiu'  caiiillarics  from  the  m»sontcry.  ».  Capil- 
Iarir:»<>t  lar^rcr  >i/4'  ami  with  thickt^r  wallst,  from  the 
iKM-tcn  of  till-  ovi."  of  a  bird. 


ohow'>  Archiv,  IROfi,  IM.  xxxv,  p.  171  ;  Au«*rb«ch.  Brtslnu.  Zeitunij,  1805;  A«'bT, 
Mr'Micin.  Cfntralbliitt,  1805,  No.  14:  (\>linh««im,  Virchow's  Archiv,  Bd.  xv,  p.  5i, 
iiikI  Kanvirr  hikI  Cnrnil,  lJrn\vn-S<»qu«r(l,  Archiv.  do  Physiol.,  t.  i,  18(>8,  p.  oSl. 

*  Sfc  Arimld,  VirchowV  Archiv,  BmiuI  Iviii,  1873,  p.  220,  and  Frey,  Darker'! 
Traii.-I  ,  187o,  p.  :U)4,  Fiir.  358. 

'^  Kh'in,  Di'^tiHuitinn  of  Nnn-incdulli4t«*i]  Nerve- ilhres,  Quart.  Journ.  of  Mic.  Sci., 
No.  Ixvi,  1872,  p.  llio.  An  appendix  to  thi>  p«p<'r  contains  a  list  of  thirty-citfht 
np'inoirs  on  thi>  Mihjcrt.  Bcal«*,  The  Ncrve.s  ol'  Capillary  VeflBcls,  etc.,  Monthly 
Micro.-cop.  Journ.,  1872,  vol.  viii,  p.  07. 
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regains  its  previous  velocity  aDd  force,  and  flows  into  exactly  the  same  pas- 
sages as  before.  It  is  still  doubtful  whether  the  capillaries  possess  any  con- 
tractile power  of  their  own,  or  merely  vary  in  size  owing  to  the  elasticity  of 
their  walls,  with  the  quantity  of  blood  they  contain/  The  capillaries  in 
certain  regions,'  as  the  central  parts  of  the  nervous  system  and  the  mesen- 
tery, appear  to  be  surrounded  by  a  sheath  between  which  and  their  own 
proper  coat,  lymph-corpuscles  have  been  observed ;  these  spaces  have  con- 
sequently been  regarded  as  extensions  of  the  lymphatic  system.  Frey 
remarks,  however,  that  it  is  not  every  adventitial  tissue  of  a  bloodvessel 
containing  lymphoid  cells  that  must  be  regarded  as  a  lymph  sheath.  A 
circumstance  that  may  frequently  give  rise  to  the  deceptive  appearance  of 
Buch  a  sheath,  is  that  a  bloodvessel  is  often  bounded  on  each  side  by  lym- 
phatic canals,  and  this  is  most  commonly  seen  in  uninjected  preparations. 

261.  The  opinion  was  long  entertained,  that  there  are  vessels  adapted  to 
supply  the  white  or  colorless  tissues;  carrying  from  the  arteries  the  "liquor 
sanguinb,"  and  leaving  the  corpuscles  behind,  through  inability  to  receive 
them.  Very  well-marked  examples  of  such  non- vascular  tissues  are  found 
ID  the  cornea  and  hyaloid  humor  of  the  eye,  and  in  the  mucous  tissue  con- 
stituting the  greater  part  of  the  umbilical  cord.  A  considerable  develop- 
ment has  lately  been  given  to  this  view  by  the  investigations  of  Virchow* 
and  others;  by  whom  it  has  been  attempted  to  be  shown  that  in  the  various 
structures  included  under  the  term  connective  tissues,  the  corpuscles,  which 
are  almost  constantly  found  disseminated  through  them,  are  to  be  regarded, 
like  the  lacunae  of  bone,  as  centres  and  storehouses  of  nutriment,  which  is 
again  distributed  by  their  caudate  prolongations  (frequently  assuming  the 
form  of  elastic  tissue)  to  the  most  distant  parts.  The  idea  that  Nutrition 
can  only  be  carried  on  by  means  of  Capillary  vessels  is,  however,  entirely 
gratuitous;  for  there  is  no  essential  difference  between  the  nutrition  of  the 
non-vascular  tissues,  and  that  of  the  islets  in  the  midst  of  the  network  of 
capillary  vessels  which  traverse  the  most  vascular.  In  both  cases,  the  nu- 
trient materials  conveyed  by  the  blood  are  absorbed  by  the  cells  or  other 
elementary-  parts  of  the  tissue  immediately  adjoining  the  vessels,  and  are 
imparted  by  them  to  others  which  are  further  removed  ;  and  the  only  dif- 
ference lies  in  the  amount  of  the  portion  of  tissue  which  has  to  he  thus 
traversed,  so  that  we  are  only  required  to  extend  our  ideas,  from  the  largest 
of  the  islets  which  we  find  in  the  vascular  ti^^$ues,  to  the  still  more  isolated 
structures  of  which  the  non-vascular  tissues  are  composed. — The  disposition 
of  the  Capillaries,  both  as  to  the  degree  of  minuteness  and  the  i)lau  of  the 
reticulation  which  they  form,  varies  so  greatly  in  the  different  vascular 
tissues,  that  it  is  possible  to  state  with  tolerable  certainty  the  nature  of  the 
part  from  which  any  s|>eciinen  has  been  detached, — whether  a  portion  of 
fekin  (Fig.  152),  Mucous  membrane  (Fig.  lo3),  Serous  membrane.  Muscles 
(Fig.  154),  Nerve  Fat  (Fig.  lo5j,  Areolar  tissue,  Glands,  etc.  The  degree 
of  minuteness  is  obviously  in  accordance  with  the  copiousness  of  the  supply 
lif  blood  which  is  required  for  the  purposes  of  its  circulation  through  the 
part ;  thus  the  plexus  is  closest,  where  some  change  is  to  he  efiectcd  in  the 
olood  itself,  as  in  the  absorbent,  respiratory,  and  secreting  organs ;  whilst  it 
is  widest  in  those  parts  which  receive  the  blood  solely  lor  their  own  nutri- 
tion,— the  nervous  centres  and  muscles  having  a  more  minute  reticulation 

'  S*^  Eb^Tth,  op.  cit.,  nnd  Strieker,  VVion.  Silz.-berithte,  Ikl.  li  >um1  lii,  for  urgu- 
ment.«  in  favor  of  lliu  fornuT  view,  which  are  vigorously  eonlested  by  Beale,  op  cit., 
ind  Vulpian,  Lemons  >ur  I'Appnroil  V«><»-nioteur,  IHTo,  p   '^'^ 

»  SlrickpF.  in  Mole>chott's  Untersuch  ,  Bd.  x,  Heft  2,  p.  108. 

•  Sije  Cellular  Pathology,  pagsim.  , 
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thaE  is  8ceti  in  the  generality  of  the  last-nannfd  jiartH,  iu  virtue  of  tbe 
peculiar  activity  of  the  molecular  changei*  whieh  take  pluee  in  tliera.  Bui 
the  arrangement  of  vessels  peculiur  to  each^  evidautly  ha^  relereo<!«  only 
to  the  cottveoience  of  the  dis^trlbutiau  of  blood  among  the  eleojeutury  part* 


rri: 


of  tlie  ^klii  of  thti  dngvrp 


*'^ 


fe--p- 


of  the  tissue,  and  varies  with  their  form.  It  h  in>t  possible  to  iiua^itie  that , 
it  ha*  any  other  relation  than  this  to  their  fimftioni*;  rince  the  ruti«*ll»JD  rf"! 
each  icparate  eJemeut  of  tlie  organ,  of  which   ihat  of  tlie  euurm  ur^obf 


Viu.  i^'^y 


Dblrit>iitiDti  of  rii|inii»ried  In  Mtifnlc, 


Capniat^  Ddlwcjrk  antiuitdi  P»I^«1U. 


the  aggn*gtLte,  is  due  to  \U  own  inberent  vital  powere, — the  supply  of  blcMxl 
being  only  requiml  m  furnis^hitig  the  material  on  whieh  these  art*  to  l» 

exe  reified. 

2G2.  The  average  rate  nf  mtyvement  of  the  blood  through  tlie  CrijiillAry 
py 9tc 01 ,  may  Ix?  d  e te r m i  n ed  with  t ol e rii  b le  precisio n  by  i n  i c rose u p t c  mi^ttiU a*- 
nient;  and  the  ob^jervations  of  Hale^,  Valentiii.and  Weber  cdm-iir  In  n'pre* 
Beriting  it  tn  average  in  the  ^y.-^temic  capiilaries  of  the  F'rog  1.2  inrh  per 
minute.  In  warnvblooded  animal^  however,  the  capilhiry  eireuhitltiri  ii 
probably  mnch  more  rapid  than  this;  the  observations  cif  ViJkmann  ufKin 
the  mesenteric  arteries  of  the  Dog  making  its  rate  iihniit  1,H  inrh  per  mitv 
Ute ;  whilst  L\idvvig  and  Vicrordl,  from  observations  on  tho  nioVfmj«*nt  of 
the  blooil -corpuscles  iu  the  retinal  capillaries  of  their  own  eye?,  e?;timati'  llid 
rapidity  at  from  one  inch  in  41  seconds  to  one  inrh  in  2H  s^f"ond«*  Thi» 
layer  which  is  in  immediate  proximity  to  the  wall  of  the  ve^cly  flow*  tT*>ia 
9  to  17  time.si  more  slowly  if  the  movement  of  the  white  eorpnM*l(^  is  to  tui 
taken  as  a  means  of  estimating  it  (Weber),  Assuming  AT-i  itirh  per  second,, 
howiiver,  a'l  the  rate,  and  comparing  ihis  with  the  rate  of  movement  of  tbe 
blood  in  the  larger  arterie*,  which  seems*  on  the  avcrag*^  to  ho  W,^  incHi-i 
per  second,  it  is  caleulated  by  Vol  km  an  u  that  the  ai^grcgatjf*  area  of  tin* 
capillaries  (being  ii|  an  inverse  ratio  to  the  rate  of  the  binod's  moveajeut 
through  them)  muat  be  nearly /our  humlred  times  that  of  the  arterial  truiiy 
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which  supply  them.^     Donders,  on  similar  data,  estimates  it  at  500  times 
greater,  and  Vierordt  at  from  800  to  850  times.' 

263.  That  the  movement  of  the  blood  through  the  Capillary  system  of 
vessels,  is  mainly  dependent  upon  the  force  which  it  derives  from  the  Heart 
and  from  the  coats  of  the  Arteries,  is  a  matter  altogether  beyond  dispute. 
But  it  is  a  most  important  question,  not  merely  in  itself,  but  in  its  bearing 
00  one  of  the  fundamental  questions  of  Pathology, — the  nature  of  inflam- 
mation,— whether  the  Capillary  circulation  is  influenced  by  any  other  agency 
than  the  contractile  power  of  the  Heart  and  Arterial  system  ;  some  Phys- 
iologists maintaining  that  this  alone  is  sufliicient  to  account  for  all  the  phe- 
nomena of  the  Capillary  circulation  ;  and  others  asserting  that  it  is  neces- 
«nr  to  admit  some  supplementary  force,  which  may  be  exerted  either  to 
assist,  retard,  or  regulate  the  flow  of  blood  from  the  Arteries  into  the  Veins. 
We  shall  first  consider  the  evidence  which  may  justify  an  affirmative  con- 
clusion as  to  the  existence  of  such  force ;  and  shall  then  examine  into  its 
nature. — No  physiological  fact  seems  to  the  Author  to  be  more  clearly 

? roved,  than  the  existence,  in  the  lower  classes  of  Animals,  as  well  as  in 
lants,  of  some  power  independent  of  &  vis  a  tergo,  by  which  the  nutritive 
fluid  is  caused  to  move  through  their  vessels.'  This  power  appears  to  orig- 
inate in  the  circulation  itself,  and  to  be  closely  connected  with  the  state  of 
the  Nutritive  and  Secreting  processes:  since  anything  which  stimulates 
these  to  increased  energy,  accelerates  the  movement ;  whilst  any  check  to 
them  occasions  a  corresponding  stagnation.  It  may  be  convenient  to  des- 
ignate this  motor  force  by  the  name  of  capillary  power ;  it  being  clearly 
understood,  however,  that  no  mechanical  propulsion  is  thence  implied.  On 
ascending  the  animal  scale,  we  And  the  power  which,  in  the  lower  organ- 
isms, is  diflTused  through  the  whole  system,  gradually  concentrated  in  a 
single  part ;  a  new  force,  that  of  the  heart,  being  brought  into  operation,  and 
the  Circulation  placed,  in  a  greater  or  less  degree,  under  its  control.  Still 
there  is  evidence  that  the  movement  of  blood  through  the  Capillaries  is  not 
entirely  due  to  this ;  since  it  may  continue  after  the  cessation  of  the  Heart's 
action,  may  itself  cease  in  particular  organs  when  the  Heart  is  still  acting 
vigorously,  and  is  constantly  boint^  affected  in  amount  and  rapidity,  by 
causes  originating  in  the  part  itself,  and  in  no  way  affecting  the  heart. — 
The  chief  proofs  of  these  statements  will  now  be  adverted  to. 

264.  When  the  flow  of  blood  through  the  capillaries  of  a  transparent 
part,  such  as  the  web  of  a  Frog's  foot,  is  observed  with  the  microscope,  it 
appears  at  first  to  take  place  with  great  evenness  and  regularity.  But  on 
watching  the  movement  for  some  time,  various  changes  may  be  observed, 
which  cannot  be  attributed  to  the  heart's  influence,  and  which  show  that  a 
certain  regulating  or  distributive  power  exists  in  the  walls  of  the  capillaries, 
or  in  the  tissues  which  they  traverse.  Some  of  these  changes,  involving 
variations  in  the  size  of  the  capillary  tubes,  have  been  already  referred  to 
(§  260).  Others,  however,  are  manifested  in  great  and  sudden  alterations 
in  the  velocity  of  the  current ;  which  cause  a  marked  difference  in  the  rates 
of  the  movement  of  the  blood  through  the  several  parts  of  the  area  under 
observation.  Sometimes  this  variation  extends  even  to  the  entire  reversal, 
for  a  time,  of  the  direction  of  the  movement,  in  certain  of  the  transverse 
or  communicating  branches;  the  flow  always  taking  place,  of  course,  from 
the  stronger  towards  the  weaker  current.  Not  unfrequently,  an  entire  stag- 
nation of  the  current  in  some  particular  tube  preceaes  this  reversal  of  its 


*  Hamodynamik,  pp.  184,  204. 

'  Dio  Er8cheinun«;en  und  Gesetzc  der  Stromgepchwindigkeitdes  Blutes,  1858. 

'  Sec  Principles  of  Comparative  Physiology,  chap.  v. 
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direction.  Irregularities  of  this  kiiid^  liowev&r,  are  more  frequent  wlirti 
the  Hearths  action  is  partly  interrupted  ;  a^  it  usually  is  by  the  pr^ism^  Ui 
which  tbe  tadpole  or  other  animal  must  be  subjected,  in  ortler  to  allow 
niiuroscopic  observations  to  be  made  upon  its  circulation.  Under  mvk 
circumstances,  tbe  varieties  in  the  capillary  circulation,  induced  hy  v»u»^ 
purely  local,  become  very  conspicuous'  for  when  the  whole  current  h  nenrl? 
stagnated,  and  a  fre^sh  impulse  from  the  heart  renews  it,  the  nio%*efiterit  U 
not  by  any  means  uniform  fas  it  might  have  been  esE petted  to  be)  tbrvvtigb 
the  whole  plexus  supplied  by  one  arterial  trunk,  but  is  much  gfinitiT  in 
some  of  the  tubes  than  it  is  in  others ;  the  variation  being  in  no  degree 
connected  with  their  size,  and  beiog  very  different  at  short  iniervjil?*- 

265.  The  raovenient  of  the  blood  in  the  capillari^  of  cold'bliir*ch*il  mni- 
mals,  after  complete  excision  of  the  Heart,  has  been  rejieatedly  iiitm^S!*wl 
In  warm-blooded  animals  this  caunot  be  satisfactorily  ^tablished  by  cxpi^ri- 
ni en t,  since  the  shock  occasioned  by  so  severe  an  operation  miirfi  MH>mr 
destroys  the  general  vitality  of  the  system  \  but  it  may  be  proved  in  other 
ways  to  take  place.  After  most  kinds  of  natural  death,  the  art^rinl  #y?tctn 
is  fonnd,  subsequently  to  the  lapue  of  a  few  hnur^?,  almost  or  completely 
emptied  of  blood  ;  this  is  partly,  no  douht,  the  effect  of  the  tonic  contractifio 
of  the  tubes  themselves  ;  hut  the  emptying  is  commonly  more  complete  ihati 
could  be  thus  accounted  for,  and  mu^it  therefore  be  partly  duo  to  the  con- 
tinuance of  the  capillary  etrculation.  It  has  been  ol)*ieryed  hy  I>r,  Bcntft 
Dmvler/  that  in  the  bodies  of  indi%nduals  who  have  died  from  yellow  fever, 
the  external  veins  frequently  become  m  distended  with  bltKHJ  u*ithm  nfr^e 
minutf^  after  the  cessation  of  the  heart's  action,  that,  vhcn  they  are  opcnd, 
the  blood  fliiws  in  a  good  stream,  being  sometimes  projected  to  the  dittancc 
of  a  foot  or  more,  especially  when  pre^^ure  h  apnlicd  above  the  puncture, 
as  in  ordinary  bloodletting.  It  i»  not  eonceivahle  that  tbe  slow  lyactioff 
tonicity  of  the  arteries  should  have  produced  such  a  result  as  thi?;  which 
can  scarcely,  therefore,  be  attributed  to  anything  else  than  tbe  smstenanoc 
of  tbe  capillary  circulation  by  forces  generated  within  itself,  FurtheTi  it 
has  been  well  ascertained  that  a  real  process  of  eecfetion  not  un frequently 
continues  after  general  or  somatic  death  ;  urine  has  been  poured  out  by  tbi 
ureters,  sweat  exuded  from  tbe  skin,  and  other  pec*uliar  secretions  formed 
by  their  glands;  and  these  changes  could  scarcely  have  taken  place,  uidea* 
the  capillary  circulation  were  still  continuing.  In  the  early  embryouic 
condition  of  the  highest  animals,  the  movement  of  blood  seems  to  b©  an- 
questionably  due  to  some  diffused  power,  independent  of  any  ceiitral  impul- 
sion;  for  it  maybe  seen  to  commence  in  the  Vascular  Area,  bi-fure  it  \» 
subjected  to  the  influence  of  the  Heart*  The  first  movement  is  fe/wtir^A 
instead  of  from,  the  centre  j  and  even  for  some  time  after  the  circuiation  Um 
hf'cn  fairly  established,  the  wails  of  the  Heart  consist  merely  of  eel  1^  loo^oly 
attached  together,  and  can  hardly  be  supfwsed  t^  have  any  great  eon  tractile 
power, 

206,  The  last  of  these  frcte  may  be  said  not  to  have  any  dirt-iH  btmiing 
on  the  question,  whether  the  "capillary  power"  has  any  existi^noe  iti  the 
adult  condition?  but  the  phenomena  occasionally  presented  by  thtj  f(i*tiu« 
at  a  later  stage,  apr>ear  decisive*  Oases  are  of  uo  very  un frequent  neeur- 
rence,  in  which  the  heart  is  absent  during  the  whole  of  embryonic  lift*,  and 
yet  tbe  greater  part  of  the  organs  are  well  developed*  In  most  or  all  of 
the«e  ea^es,  it  is  true,  a  [lerfect  twin  fo'ius^  exists,  of  which  the  f^l  '-ia 

some  degree  united  with  that  of  the  Imperfeet  one ;  and  it  ha*  bev  try 

*  lie^flrcb^fi.  Cnticul  and  Experimental,  on  the  Capitlary  Circtllttiiifi.  tt*^»Htit!«i 
tTQm  the  New  Orleiint  Medlciil  and  Surgical  Journal,  Jua.  18ld* 
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to  attribute  the  circulation  \n  the  latter  to  the  influeuce  of  the  heart  of  the 
former,  propagated  through  the  placental  vessels.  This  supposition  has  not 
been  disproved  (however  improbable  it  might  seem),  until  a  case  of  this 
kind  occurred,  which  was  submitted  to  the  most  careful  examination  by  an 
accomplished  anatomist;*  when  the  decisive  result  was  obtained,  that  it 
eeemed  impossible  for  the  heart  of  the  twin  foetus  to  have  occasioned  the 
movement  of  blood  in  the  imperfect  one,  and  that  some  cause  present  in  the 
latter  must  have  been  sufficient  for  the  propulsion  of  blood  through  its  ves- 
sels. It  was  a  very  curious  anomaly  in  this  case,  that  the  usual  functions 
of  the  arteries  and  veins  must  have  been  reversed ;  for  the  Vena  Cava,  re- 
ceiving its  blood  from  the  umbilical  vein  nearly  as  usual,  had  no  communi- 
cation with  the  Arterial  system  (the  Heart  being  absent),  except  through  the 
^stemic  capillaries ;  to  which,  therefore,  the  blood  must  have  next  pro- 
ceeded, returning  to  the  placenta  by  the  umbilical  artery.  This  view  of  the 
course  of  the  blood  was  confirmed  by  the  fact,  that  the  veins  were  every- 
where destitute  of  valves. — It  is  evident  that  a  single  case  of  this  kind,  if 
unequivocally  demonstrated,  furnishes  all  the  proof  that  can  be  needed  of  the 
existence,  even  in  the  highest  animals,  of  a  "capillary  power;"  which, 
though  usually  subordinate  to  the  Heart's  action,  is  sufficiently  strong  to 
maintain  the  circulation  by  itself,  when  the  power  of  the  central  organ  is 
diminished.  In  this,  as  in  many  other  cases,  we  may  observe  a  remarkable 
capability  in  the  living  system  of  adapting  itself  to  exigencies.  In  the 
acardiac  Foetus,  the  "  capillary  power'*  supplies  the  place  of  the  heart,  up  to 
the  period  of  birth  ;  after  which,  of  course,  the  circulation  ceases,  for  want 
of  due  aeration  of  the  blood.  It  has  occasionally  been  noticed,  that  a 
eradual  degeneration  in  the  structure  of  the  Heart  has  taken  place  during 
life,  to  such  an  extent  that  scarcely  any  muscular  tissue  could  at  last  be 
detected  in  it,  but  without  any  such  interruption  to  the  circulation  as  must 
have  been  anticipated,  if  this  organ  furnishes  the  sole  impelling  force- 

267.  Further,  it  is  a  general  principle,  unquestioned  by  any  Physiologist, 
and  embodied  in  the  ancient  aphorism,  Ubi  stimiUus,  ihi  fluxus,  that,  when 
there  is  any  local  excitement  to  the  processes  of  Nutrition,  Secretion,  etc., 
a  determination  of  blood  towards  the  part  speedily  takes  place,  and  the 
motion  of  blood  through  it  is  increased  in  rapidity ;  and  althouj^h  it  might 
be  urged  that  this  increased  determination  may  not  be  the  eifect,  but  the 
cause,  of  the  increased  local  action,  such  an  opinion  could  not  be  susUiined 
without  many  inconsistencies  with  positive  facts.  For  it  is  known  that  such 
local  determinations  may  take  place,  not  only  as  a  part  of  the  regular  phe- 
nomena of  growth  and  development  (as  in  the  case  of  the  entire  genital 
system  at  the  time  of  puberty  and  of  periodical  heat,  the  uterus  after  con- 
ception, and  the  mamma*  after  parturition),  but  also  as  a  consequence  of  a 
strictly  local  cause.  Thus,  the  student  is  well  aware  that,  after  several 
hours'  close  application,  there  is  commonly  an  increased  determination  of 
blood  to  the  brain,  causing  a  sense  of  oppression,  a  feeling  of  heat,  and  fre- 
quently a  diminished  action  in  other  parts;  and,  again,  when  the  capillary 
circulation  is  being  examined  under  the  microscope,  it  is  seen  to  be  quick- 
ened by  moderate  stimuli,  and  to  be  equally  retarded  by  depressing  agents. 
All  these  facts  harmonize  completely  with  the  phenomena,  which  are  yet 
more  striking  in  the  lower  classes  of  organized  beings,  and  which  are  evi- 
dently in  accordance  with  the  same  laws. 


'  See  Dr.  Houston  in  the  Dublin  Medical  Journal,  1837. — An  attempt  whs  made 
bj  Dr.  M.  Hall  (Edinb.  Monthly  Journal,  1843)  to  dij^prove  Dr.  Houston's  infer- 
ences ;  but  a  most  sntisfactory  reply  was  given  by  Dr.  Hou>ton,  at  the  meeting  of  the 
BritUh  As5<x,Mation,  Au£ju«t,'l843,  and  published  in  the  Dublin  Jourmil,  Jan.  1844. 
Set;  also  Edin.  Med.  and  Surg.  Journ.,  July,  1844. 
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268.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  influence 
generated  in  the  Capillaries  may  afford  a  complete  check  to  the  circulation 
iu  the  part;  even  when  the  Heart's  action  is  unimpaired,  and  no  mechanical 
im])ediment  exists  to  the  transmission  of  blood.  Examples  of  this  may  be 
seen  iu  the  loss  of  vitality  produced  by  the  prolonged  application  of  cold  to 
a  part;  also  in  cases  of  spontaneous  gangi*ene  of  the  lower  extremities,  in 
which  the  death  of  the  solid  tissues  is  clearly  connected  with  a  local  decline 
of  the  circulation,  and  in  which  it  has  been  shown  by  exaimination  of  the 
limb  after  iU  removal,  that  both  the  larger  tubes  and  the  Capillaries  were 
completely  j>ervious;  so  that  the  cessation  of  the  flow  of  blood  could  not  be 
attributed  to  any  impediment,  except  that  arising  from  the  cessation  of  some 
power  which  exists  in  the  Capillaries,  and  which  is  necessary  for  the  main- 
tenance of  the  current  through  them.  The  most  remarkable  evidence  on 
this  point,  however,  is  derived  from  the  phenomena  of  Asphyxia,  which  will 
be  more  fully  explained  in  the  succeeding  chapter.  At  present  it  may  be 
stated  as  a  fact,  which  has  now  been  very  satisfactorily  ascertained,  that,  if 
admission  of  air  into  the  lungs  be  prcvente<l,  the  circulation  through  them 
will  be  brought  to  a  stand,  as  soon  as  the  air  which  thev  contain  has  been 
to  a  great  degree  deprived  of  its  oxygen,  or  rather  has  become  loaded  with 
carl>onic  acid;  and  this  stagnation  will,  of  course,  be  communicated  to  all 

*  the  rest  of  the  system.  Yet,  if  it  have  not  continued  suflicieutly  long  to 
cause  the  loss  of  vitality  in  the  nervous  centres,  the  movement  may  be  re- 
newed by  the  admission  of  air  in  the  lungs.  Now  although  it  has  been  as- 
serted, that  the  stagnation  is  due  to  a  mechanical  impediment,  resulting  from 
the  contracted  state  of  the  lungs  in  such  cases,  this  has  been  clearly  proved 
not  to  be  the  fact,  by  causing  animals  to  breathe  a  gas  destitute  of  oxygen, 
so  as  to  produce  Asphyxia  in  a  different  manner;  for  the  same  stagnation 
results  as  in  the  other  case. 

269.  If  the  phenomena  which  have  been  here  brought  together  be  con- 
sidered as  establishing  the  existence,  in  all  classes  of  beings  possessing  a  cir- 
culating apparatus,  of  a  "Capillary  power,"  which  affords  a  necessary  con- 
dition for  the  movement  of  the  nutritious  fluid,  thnnigh  those  parts  in  which 
it  comes  into  more  immediate  relation  with  the  solids,  the  question  still 
remains  open,  what  is  the  nature  of  that  power? — It  is  very  doubtful  whether 
the  Capillaries  possess  true  contractility;  for  although  their  diameter  is  sub- 
ject to  great  variation,  yet  this  may  be  due  simply  to  the  elasticity  of  their 
walls,  which  tends  to  keep  them  constantly  contracted  upon  the  stream  of 
blood  that  passes  through  them;  and  there  is  no  adequate  proof  that  the 
alterations  in  their  size,  which  are  consequent  ujwn  the  local  application  of 
stimuli,  proceed  from  any  other  source  than  the  alteration  in  the  quantity  of 
blood  (lelivered  to  them  by  the  minute  arteries,  the  very  considerable  altera- 
tions in  whose  calibre  under  such  influence.-*  have  been  already  described 
(§§  252,  2.">3).  In  the  experiments  of  the  Profs.  Welwr  (loc.  cit.),  the  ap- 
plication of  the  electric  stimulus  to  the  Capillaries  produced  no  change  iu 
their  diameter.  Even  supposing  the  Capillaries,  however,  to  possess  such 
an  independent  contractility,  this  could  not  exert  itself  in  aiding  the  flow  of 
blood  through  them,  except  either  by  rhythmical  alternations  of  contraction 
and  dilatation,  or  by  some  kind  of  peristaltic  movement;  and  observation 
completely  negatives  the  idea  of  the  existence  of  any  such  movement,  since 
the  >tream  of  blood,  now  rendered  continuous  by  the  elasticitv  of  the  arteries, 
passes  through  the  Capillaries  as  through  tubes  of  glass.  llence  the  U(»tion 
of  any  mtv7ta// /(?/// assistance,  afforded  by  the  action  of  the  walls  of  the  Cap- 
illaries to  the  movement  of  blood  through  them,  must  be  altogether  dis- 
missed. 

270.  There  is  experimental  evidence,  however,  that  the  movement  of  the 
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blood  may  be  affected  by  any  agency  which  alters  the  chemico-vital  relations 
between  the  blood  and  the  tissues  which  it  permeates.  Thus,  when  the  in- 
terrupted electric  current  was  applied  to  the  Capillaries  by  the  Profs.  Weber, 
they  noticed  that  the  blood-corpuscles  showed  a  remarkable  tendency  to  ad- 
here to  each  other  and  to  the  walls  of  the  vessels,  so  as  to  produce  a  great 
amount  of  friction  and  a  consequent  retardation.  A  very  similar  set  of 
phenomena  has  been  observed  by  Mr.  Wharton  Jones,^  as  the  consequence 
of  the  direction  of  a  stream  of  carbonic  acid  against  the  capillary  network. 
And  the  depression  of  the  vitality  of  the  part,  by  such  injuries  as  tend  to 
excite  Inflammation  in  it,  produces  a  like  stagnation.  This  effect  cannot 
be  attributed  to  mechanical  obstruction  in  the  vessels,  for  they  are  usually 
dilated  rather  than  contracted,  when  this  condition  exists;  and  without  any 
change  in  the  dimensions  of  a  tube,  the  stream  of  blood  through  it  may  be 
seen  decreasing  from  extreme  velocity  to  complete  stagnation.*  That  altera- 
tions in  the  chemical  state  of  the  blood  (involving,  of  course,  important 
changes  in  its  vital  properties)  are  capable  of  exercising  a  most  important 
effect  on  the  Capillary  circulation,  is  shown,  not  merely  by  the  stagnation 
of  the  pulmonary  Circulation  in  Asphyxia,  but  by  the  curious  fact  ascer- 
tained by  Dr.  J.  Reid,'  that  the  blood,  when  inii>erfectly  arterialized,  is 
retarded  in  the  systemic  capillaries,  causing  an  increased  pressure  on  the 
walls  of  the  arteries.  He  found  that,  when  the  ingress  of  air  through  the  • 
trachea  of  a  Dog  was  prevented,  and  the  Asphyxia  was  proceeding  to  the 
stage  of  insensibility, — the  attempts  at  inspiration  being  few  and  labored, 
and  the  blood  in  an  exposed  artery  being  quite  venous  in  its  character,  the 
pressure  upon  the  arterial  walls,  as  indicated  by  the  hajmadynanioraeter  ap- 
plied to  the  femoral  artery,  was  much  greater  than  usual.  Upon  applying 
a  similar  test  to  a  vein,  however,  it  was  found  that  the  pressure  was  propor- 
tionably  diminished;  whence  it  became  a[)j)arent,  that  there  was  an  unusual 
obstruction  to  the  passage  of  venous  blood  through  the  systemic  capillaries. 
After  this  period,  however,  the  mercur}'  in  the  luemadynamometer  applied 
to  the  artery  began  to  fall  steadily,  and  at  last  rapidly,  in  consequence  of 
the  diminished  force  of  the  heart,  and  the  retardation  of  the  blood  in  the 
pulmonic  capillaries;  but,  if  atmospheric  air  was  admitted,  the  mercury  rose 
instantly^  showing  that  the  renewal  of  the  proper  chemical  state  of  the  blood 
restored  the  condition  necessary  for  its  circulation  through  the  capillaries.* 
271.  It  appears  from  the  preceding  facts,  that  the  conditions  under  which 
the  power  in  question  uniformly  operates,  may  be  thus  simply  and  definitely 
expressed:  AVhilst  the  injection  of  blood  i)do  the  Capillary  vessels  of  every 
part  of  the  system  is  due  to  the  action  of  the  Heart,  its  rate  of  passage 
through  those  vessels  is  greatly  modified  by  the  degree  of  activity  in  the 
processes,  to  which  it  should  normally  be  subservient  in  them  ;  the  current 
being  rendered  more  rapid  by  an  increase  in  their  activity,  and  being  stag- 
nated by  their  depression  or  total  cessation.  .  Or  at  any  rate,  to  use  the  more 
guarded  language  of  Mr.  Paget  (loc.  cit.),  we  have  facts  enough  to  justify 
the  hypothesis,  "that  there  is  some  mutual  relation  between  the  blood  and 

«  Brit,  and  For.  Med.  Review,  vol.  xiv,  p.  000. 

'  Soo  Mr.  Paget,  Op.  cit.,  p.  311. — The  Author  had  lonj;  previou^ily  satisfied  him- 
self thai  buch  was  the  fact;  and  is  glad  U*  be  able  to  cite  the  far  iimro  extended  ob- 
&ervMtions  of  Mr.  Paget  on  this  point,  in  contirniMtion  of  bis  own. 

»  Ediiib.  Mod.  and  Surg.  Journ.,  April,  1841  ;  and  Anat.,  Pbys.,  and  Pathol.  Re- 
searfhe?,  chap.  ii. 

*  Thih  last  fuct  (a.<<  Dr.  Reid  has  remarked)  is  sufficient  to  neirMtive  the  idea  of  Mr. 
ErichH'n,  that  the  obstruction  i.s  cau^ed  b}-  the  cuntnuiiojiof  the  mpil/aries  under  the 
f-timului^  of  venous  blood  (Edinb.  Med.  and  Surg.  Journ.,  Jan.  1845)  ;  for  all  experi- 
ments ngree  in  showing,  that  such  contraction  can  only  be  excited  by  the  applica- 
tion of  a  stimulus  for  some  minutes,  and  that  relaxation  takes  place  still  more  slowly. 


852 
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its  ve^scl^,  or  the  parti^  armind  them,  whieh»  being  oatiinii,  per' 
easy  transit  of  the  hhiodt  but^  being  dbtarbed^  inrrens^e^  thi?  !> 
Its  pus]?[ige/*— A  phyi^ical  priQcipIe  has  be^o  put  forth  by  Pmr<—  r  i  k 
which  ^eems  qoite  adequate  to  explain  these  phcnrimen«*  It  ajjM.ir^ 
capable  of  proof,  that  **if  two  liqiiids  conmiuriieate  with  one  nnnther  in  & 
capillary  tube,  or  in  a  porous  or  parenchymatous  strnctiire*  and  hmre  for 
that  tube  or  structure  different  cheniical  affinities,  movement  will  ^mm; 
that  liqtiid  which  has  the  most  energetic  affinity  will  mo%*e  with  the  (*rcait<?t 
velocity*  and  may  even  drive  the  other  liquid  before  it,"  Now  Art(fml 
blood, — containing  oxygen  with  which  it  i?  ready  to  part,  and  l»eing  prepanil 
to  receive  in  exchange  the  carbonic  acid  which  the  tis??uc«*  sf^ct  fny^^ — *fiu^ 
ohvionsly  have  a  greater  affinity  for  those  tissues  than  Vcdttns  blot»«i,  in 
which  both  the^  changes  have  already  been  effected.  Conj^f^qufiuJr  ttpoo 
lucre  phy&ical  principles,  the  arterial  blood  which  enters  the  S\ 
larics}  on  one  sidcj  must  drive  before  it,  and  expel  on  the  otb 
network,  the  bhwd  which  has  become  venous  whilst  traversing  it  ;  oiii  if  tli 
blood  which  enters  the  capillaries  have  no  such  athnity.no  such  motor  fwinfrl 
can  be  developed.^ — On  the  other  band,  in  the  Pulmonary  capillaries  tJn-  dp- 
pifite  affinities  prevaiL  The  venous  bhxxl  and  the  air  in  the  i  -  '1-  f  thf 
uiug^  have  a  mutual  attraction,  which  is  satisfied  hy  the  exeha?  -mi 

and  carlxinic  acid  that  takes  place  through  the  walls  of  the  caji  ...,  .     .  sx/il 
when  the  blood  has  beeome  arterinlized,  it  no  longer  has  any  attraction  fori 
the  air*     Upon  the  very  same  prineiplCp  therefore/the  venous  bkwid  will  | 
drive  the  arterial  before  it  in  the  Pulmonary  capillaries,  whikt  rrspiniti*Mj 
18  properly  going  on  ;  bnt  if  the  supply  of  oxygen  be  interrnptcd,  so  tha-t ' 
the  blood  is  no  longer  aerated,  no  change  in  the  affinities  tak<>  plare  whiHJ 
it  traverses  the  capillary  network;  the  blood  eontintiing  vcnoiiH,  i^litl 
both  its  need  of  a  change,  and  its  attraction  for  the  walls  of  the  capilli 
and  its  egrcsii  into  the  pulmonary  veins  is  thus  resisting »  rather  than  aifl 
by  the  force  generated  in  the  lungs. — The  change  in  the  cooilitino  of  tlkij 
blood,  in  regard  to  the  relative  proportions  of  its  oxygen  and  airlKftiit: 
Is  the  only  one  to  which  the  Pulmonary  circulation  h  subi^crvieut ;  but  i 
Systemic  drculation,  the  changes  are  of  a  much  n»ore  ccmplex  natuiv. 
distinct  organ  attracting  to  itself  the  peculiar  substances  which  it  r«jil 
as  the  materials  of  its  own  nutrition,  and  the  nature  of  the  afHiiitlesi  Ui<s 
genemted  being  consequently  different  in  each  case.    But  the  sf*i"^  Tm**  mar 
be  considered  to  hold  good  in  all  instances.   Thus  the  blood  ecu  I  ho 

Liver  by  the  [H>rtal  vein,  coutains  the  materials  at  the  expense  ^j  ^^nu  Lk  the 
J  bile-sec^  ret  ing  cells  are  developed  ;  cimsequeutly  the  tissue  of  the  Liver,  which 
is  pniicipally  made  up  of  these  cells,  possesses  a  certain  degree  of  aSuIlv  or 
attraction  for  blood  containing  these  materials;  and  this  i^  dtm)ni?^heri,  »a 
Boon  as  they  have  been  drawn  from  it  into  the  cells  around*  Oon»(Hju«rtitly 
the  blood  of  the  portal  vein  will  drive  before  it,  into  the  hepatic  vein,  ilid 
blood  whifh  has  traversed  the  capillaries  of  the  portal  syatem,  and  which,  in 
doing  e<^  has  given  up  the  elementi*  of  bile  to  the  solid  tiswuci*  of  thi^  liver.' 
212.  The  iiitiueuce  which  the  Nervous  System  is  known  to  exert  y|uiii  iha 
Junctions  of  Nutrition  and  Seeretlon,  which  are  very  intimately  relate<j  iai 
the  movement  of  the  biiKMi  in  the  Capillaries,  would  lead  m  to 'expect  that 
it  should  exercise  souje  like  influence  over  that  movement  itj^lf.  And  twti 
distinct  channel  for  such  an  influence  may  be  aasigned  with  much  probahil*  I 
hy  I  fixTSt,  the  control  exercised  by  the  Sympathetic  system  uvcr  the  dijunetcr  I 

«  T^pMl?^*  CM  the  Forces  which  produce  the  Orgnriijiffltion  *>f  Pb-'^    "    * 
'  For  fnrlli*"r  inftirmMtroi*,  the  rfMidi^r  is  referrod  io   Mr.  ?>s*vi 

^*boln  of  ihlf  lubjitL  with  origlnttl  expfHnniil*,  in  llic   BriL  ii 

B«view,  vol  XV,  p.  S72,  and  votp  xvf,  p,  12. 
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of  the  smaller  arteries,  which  will  thus  regulate  the  rate  at  which  the  blood 
is  supplied  to  the  Capillary  plexus ;  and,  second,  the  direct  agency  of  Nerve- 
force  in  stimulating,  retarding,  or  modifying  those  molecuhir  changes,  in 
which  the  Nutritive  and  Secretory  operations  consist.  (See  Prin.  of  Gen. 
Phys.) — That  the  ordinary  action  of  this  force  is  not  required  to  sustain  the 
Capillary  circulation,  is  clearly  proved  by  the  continuance  of  the  flow  with- 
out anv  apparent  alteration,  after  section  of  the  nerves  of  the  part,  as  has 
been  observed  by  Miiller,  Wliarton  Jones,  and  others ;  and  this  corresponds 
with  the  well-known  fact,  that  the  Nutritive  and  Secretory  processes  may 
take  place  afler  Nervous  agencv  has  been  thus  suspended.  But  it  seems 
indubitable  that  a  sudden  and  violent  "  shock  "  to  the  nervous  centres  may 
exert  the  same  antagonistic  influence  on  the  movement  of  blood  in  the  Cap- 
illaries, as  we  have  seen  it  to  do  on  the  Heart's  action  (§  244) :  for  this 
appears  alike  from  the  immediate  and  total  annihilation  of  all  vital  activity 
which  is  conjiequent  upon  such  an  injury,  and  from  direct  observation  in  such 
an  experiment  as  the  following,  made  by  Dr.  Wilson  Philip.  "The  web  of 
one  of  the  hind  legs  of  a  frog  was  brought  before  the  microscope ;  and  while 
Dr.  Hastings  observed  the  circulation,  which  was  vigorous,  the  brain  was 
crushed  by  the  blow  of  a  hammer.  The  vessels  of  the  web  inehmffy  lost  their 
power,  the  circulation  ceasing ;  an  eflTect  which  cannot  arise,  as  we  have  seen, 
from  the  ceasing  of  the  action  of  the  heart.  [Dr.  Philip  here  refers  to  experi- 
ments, by  which  it  was  ascertained  that  the  circulation  in  the  capillary  ves- 
sels of  the  frog  will  continue  for  several  minutes  after  interruption  of  the 
heart's  action.]  In  a  short  time  the  blood  again  began  to  move,  but  with 
less  force.  This  experiment  was  repeated,  with  the  same  result.  If  the 
brain  is  not  completely  crushed,  although  the  animal  is  killed,  the  blow, 
instead  of  destroying  the  circulation,  increases  its  rapidity."^ 

5.  Movement  of  the  Blood  in  the  Veins, 

273.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are 
formed  by  the  reunion  of  the  Capillaries;  and  it  returns  the  blood  from  these 
to  the  Heart.  The  structure  of  the  Veins  is  essentially  the  same  with  that 
of  the  Arteries;  but  the  fibrous  tissue  of  which  their  middle  coat  is  made  up, 
bears  more  resemblance  to  the  areolar  tissue  of  the  skin,  than  it  does  to  the 
true  elastic  tissue,  and  presents  the  distinguishing  feature  of  Laminae  run- 
ning longitudinally  as  well  as  transversely;  and  the  muscular  fibre-cells  are 
usually  much  fewer  in  number,  and  are  sometimes  wanting  altogether.^ 
The  eltuiicity  of  the  Veins  is  shown  by  the  jet  of  blood  which  at  first  spouts 
aut  in  ordinary  venesection,  when,  by  means  of  the  ligature,  a  distension  has 
been  occasioned  in  the  tubes  below  it.  Though  the  walls  of  the  Veins  are 
thinner,  they  yet  resist  pressure  better  than  the  Arteries  In  an  experiment 
of  Wintrin^ham'  the  Aorta  burst  when  the  pressure  rose  to  158  lbs.,  whilst 
the  Vena  Cava  only  gave  way  when  it  reached  17G  lbs.  A  slight  contrac- 
tility on  the  application  of  stimuli,  and  on  irritation  of  the  Sympathetic 
ner\'ou8  fibres,  has  been  observed ;  but  this  is  not  so  decided  as  in  the  Arteries. 
The  whole  capacity  of  the  Venous  system  is  considerably  greater  than  that 


*  Experimpntnl  Inquiry  into  the  Laws  of  the  Vitiil  Function*,  4ih  edition,  p   5i 

*  Th«?  followinij,  according  to  Prof.  Kollil^cr  (Manunl  <»t  Human  Hi-t«»l<>i^y,  Svd. 
Soc.,  v«»l.  ii,  p.  307),  are  Veins  which  are  unprovidi'd  with  niUMular  structure:  Th.? 
veins  of  the  uterine  portion  of  the  placenta  ;  the  v«Mn-  o\'  the  cerehral  tiuhsiance  and 
pia  mwter;  the  ?inupes  of  the  dura  muter;  Brejjehet's  veinx  of  the  boiu's  ;  the  venou-* 
coll'*  of  lh«s  corpora  cavernosa  in  the  male  and  female  ;  an<l  prohjjhiy  llu;  vonou-;  e<'lls 
of  the  spleen.  See  also  Eherth,  art.  Bloodve^sfls,  in  Stricki-r's  Hum.  and  Comp. 
Histology,  vol.  i,  1870,  p.  275. 

»  Experimental  Inquiry,  etc.,  1740. 
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of  the  arterial ;  the  former  is  usually  estimated  to  contain  from  two  to  three 
times  as  much  blood  as  the  latter,  in  the  ordinary  condition  of  the  circulft- 
tion ;  and  when  we  consider  the  great  proportion  which  the  Veins  in  almost  every 
part  of  the  body  bear  to  the  Arteries,  we  shall  scarcely  regard  even  the  larger 
of  these  ratios  as  exaggenited.  Of  course  the  rapidity  of  the  movement  of 
the  blood  in  the  two  systems  will  bear  an  inverse  ratio  to  their  respective 
capacities;  thus  if,  in  a  given  length,  the  Veins  contain  three  times  as  much 
blood  as  the  Arteries,  the  fluid  will  move  with  only  one-third  of  the  velocity. 
Speaking  generally,  circumstances  causing  diminution  of  blood-pressure  by 
dilatation  of  the  Capillaries,  as  division  of  the  spinal  cord,  render  the  blooJ- 
current  slower  in  the  Veins.'  Kven  at  iheir  origins  in  the  capillary  plexiu, 
the  Veins  arc  larger  than  the  Arteries  which  terminate  in  the  same  plexus; 
so  that  wherever  the  arterial  and  venous  networks  form  distinct  strata,  they 
are  readily  distinguished  from  each  other.  The  Veins  are  remarkable  for 
the  number  of  vutvea  which  they  contain,  formed  of  duplicaturc^,  or  JooM 
folds  of  the  internal  tunic,  between  the  component  lamina;  of  which  contfft^ 
tile  fibres  are  interposed;  and  also  for  the  dilatations  behind  these,  which, 
when  distended,  give  them  a  varicose  appearance.  The  valves  are  single  in 
the  small  veins,  the  free  i^d^e  of  the  flaj)  cl().>ing  against  the  opposite  wail  of 
the  vein;  in  the  larger  trunks  they  ai-e  double;  and  in  a  few  instances  they 
are  composed  of  three  flaps.  The  object  of  these  valves  is  evidently  to  pre- 
vent the  reflux  of  blood ;  and  we  shall  presently  see  that  they  are  of  im- 
portant use  in  assisting  in  the  maintenance  of  the  venous  circulation.  They 
are  most  numerous  in  those  vein*  which  run  among  parts  affected  by  nuB- 
cular  movement;  and  they  are  not  found  in  the  veins  of  the  lungs,  of  the 
abdominal  visjccra,  or  of  the  brain. 

274.  The  movement  of  the  bUxid  through  the  Veins  is,  without  doubt, 
chii  fly  cflc(.*ted  by  the  j'm  a  terrjo  or  propulsive  force,  which  result^  fn>in  the 
action  of  the  heart  and  arteries;  this,  as  already  shown  (S  2o8),  is  very  groatly 
diniinislu'd  by  the  time  that  it  acts  on  the  blood  in  the  veins;  hut  the  resist- 
ance to  the  onward  movement  of  the  blood  is  now  so  slight,  that  a  very 
feeble  power  is  adequate  to  overcome  it.  There  arc  some  concurrent  cau«s, 
however,  which  are  supposed  by  some  to  have  much  influeniH?  U|>on  it.  and 
of  which  the  consideration  must  not  be  neglected.—- One  of  these  has  been 
found  by  some  physiologists,  in  the  iH^fpirntonj  movcmatt ;  this  is  supposed  to 
<lraw  the  bIo(»d  of  the  Veins  into  the  chest,  in  order  to  supply  the  vacuum 
which  is  created  there  at  the  moment  of  the  descent  of  the  diaphragm. 
That  the  movement  in  question  has  somr  influence  on  tl»e  flow  of  venous 
blood  into  the  ch(»st,  is  evident  from  the  occurrence  of  the  re^tpirnforif  pul^, 
long  ago  described  liy  Ha  Her,  which  may  be  seen  in  the  veins  of  the  neck 
and  shoulder  in  thin  |>erson',  and  in  those  especially  who  are  suffering  fn)ra 
pulmonary  diseases.  During  Inspiraticni,  the  veins  are  seen  to  be  [Kirtially 
emptied,  whilst  during  Expiration  they  beeofue  turgid,  partly  in  consiNjuence 
of  the  aecumnlation  IVoin  behind,  an<i  of  the  check  in  fnmt ;  and  {Mirtly  tit 
may  ho  in  some  eas»s,  through  an  absolute  reflux  from  the  veins  within  the 
chest  I  S -'H  I.  Tiie  fact  that  in  the  immediate  neighborhocMl  of  the  chesl 
the  flow  of  bl<»o(l  towanis  the  heart  is  ai<led  by  insj)iration  and  im|)e«led  by 
expiration,  is  further  proved  by  Sir  I).  Harry's  experiment,  which  c<»nMfieil 
in  intiodncing  one  extremity  ofa  tube  into  the  jugular  vein  of  a  Horse,  and 
the  other  into  water,  which  exhibited  an  alternate  elevation  and  liepression 
with  inspiration  and  ex|)iration  ;  this  has  been  repeatcni  and  confirmed  by 
several  Physiologists.     On  the  other  hanil,  the  expimionj  movement,  while  it 

*  III  r*'t;Hnl  to  tin-  jioint  >«m>  (.'yi>n  and  SUMiHimnn.  Bulletin  do  I'AoRd.  des  Sc'u'ncei 
dc  Si.  rdt«?r>JK»uru:,  i.   xvi,  li<71,'|i.  *J»)»3. 


ffliwtfj  <*ausesacciunulatiou  In  the  veius,  will  asskt  the  heart  in  propelling 
ihe  hhnyd  into  ihe  iiriertes;  anil  by  the  uombineil  uiHloii  of  thi^se  twu  caime^ 
18  produced,  liiaong  other  eJfects,  the  rii^iug  and  sinking  of  the  Brain ^  syii- 
diruoouMly  with  expiration  and  io^piratiou,  which  are  obj^erved  when  a  por- 
liou  iif  the  cranium  is  removed.  Several  considerations,  liowever,  agree  in 
jjuijiling  to  the  conclusion,  that  no  great  efficacy  can  be  rightly  attributed 

,  10  the  Respiratory  nioremeut.^  ai^  exerting  any  f/eneral  ionuence  over  the 
Venous  circulation.  The  Pulmouarj  circulation  being  entirely  witbin  the 
clic!»l«  cannot  be  affecteil  by  variations  in  atmospheric  pres^fiire;  the  entire 

I  venous  circulation  of  the  fcetus^  also,  h  independent  of  any  such  agency. 
Agnioj  it  has  been  shown  experimentally  by  Dr,  Arnott  and  others  that  no 

'  ^uctioii  power,  exerted  at  the  farther  end  of  a  long  tube,  whose  walls  are  so 
ikEcient  in  Brmne^  as  are  those  of  the  Veins^  can  occasion  any  acceleration 
,  current  of  fluid  tninsmitteti  through  it,  for  the  effect  of  the  suction  is 
jyetl  at  no  great  distance  from  the  point  at  which  it  is  applied,  hy  the 
flftp|ii£ig  together  of  the  sides  of  the  vessels.  Thin  tendency  njay  be  counter- 
ftcled^  hiiwever,  as  B^rard  ^  maintains^,  by  firm  adhesions  of  the  external  sur- 
6ice  of  the  Veins  to  the  adjoijiing  parts:  such  adhesioui  unduubtedly  take 
plar^e  in  many  parts,  as  for  instance  in  thc^  Hepatic  and  Innominate  Vein^> 
mid  in  the  lower  part  of  the  Jugular  Vein;  and  iheretore,  to  that  extcut  at 
least,  the  venous  circulation  must  be  iiiHuenced  by  the  respiratory  move- 
ments,^— Another  agency  which  certainly  assists  the  venous  circulation  in 
EI6  animals,  is  the  rhythmical  contraction  of  the  walls  of  the  Vaim,  which 
i  been  observed  towcur^  to  10  time.'!  per  minute  in  the  traui^parent  mein- 
dfiine  of  the  wing  of  the  Bat,  the  amount  of  contraction  being  about  one- 
fnanh  of  the  diameter  of  the  vesi?cl  (Wharton  Jone^).  The  same  phenom- 
eoon  re|:>ented  o  or  G  time**  per  minute  has  been  observed  by  Schitf*  and 
Vulpian*  in  the  veins  of  the  Ear,  and  by  Wagner*  in  the  vessel  of  the  Iris 

(  of  the  Rabbit.  It  has  also  been  shown  by  Mr.  Wharton  Jones*  that  the 
Lymphatic  Hearts  of  the  Eel  and  Frog  are  to  he  regarded  as  exerting  an 
auxiliary  agency  on  the  general  circulation,  propelling  their  contents  at  cer- 

^  tain   intervah  into  the  Veins.     The  walls  of  these  hearts  are  composed  of 

mnsiriiicd  rhythmically  contractile  muscular  fibrils,  which  contract  under 

[the  iuduence  of  the  spinal  cord.' 

275.  One  of  the  most  fwwerful  of  the  general  causes  which  influence  the 

'Venous  circulation,  is  doubtless  the  frequently  recurring  preAnure  of  the 
mulch's  u|X)n  their  trunks     When  quiescent  the  circulation  in  muscles  is 

l^xti«mely  gJow^  but  whenever  contraction  takes  place,  a  portion  of  the  Veins 

*  Cour^^e  Phy*i^*los;i(^,  t.  iv^  p.  02, 

*  The  pr*»*siirr  <*f  thp  bluod  in  ih*;  vi^ins  hn^  befin  cnri^fuUj  examin4^d   by  MM. 
J«ci>b'<4tT)  »nd  Rpeklinghiiii&«*n  (Virehrtw'w  Archiv,  Bd*  xxxvi,  p,  1),  who  ftnind  it  to 

,  follows  in  the  vtji^p,  i«bi*n  the  uninnil  wiis  breittbing  tmUirjitlj  ; 

Left  v^-na  innominfttH,  . 

Kigbt  JuWhivjHn  vein,  .         * 

L^'fl^ubc'laviun  vettjj 

Rl^ht  Jiiijybf  vein, 

Loft  jugular  vein, . 

Extenvnl  f«ci(»l  vein^ 

lDl«frnAl  f»cm\  veiEi,       .         ^         « 

BrttehiMl  vein,         .         .         .         < 

Brmnch  of  tbe  brachial  vein  J  , 

Cruml  vein, -fH'*  *h<»ut  i  inch  Engl Uh, 

»  Archiv  f.  Phj^iol.  HMJk  ,  1^54,  t.  xiii,  p.  52L 

*  Compter  R**ndufi  d**  In  N>C!^le  de  BitdL^c^iej  1850,  p.  1S3, 
'"  Aft'hiv  f.  UiPhthftlniol  ,  Hd.  xiL  Ht^ft  ii.  p/L 

Ffoeei'd   of  tht^  Rny-  Soc.,  18i38,  Nos,  m,  lOl,  nnd  102. 
^  Sec  Eckhjird^  Beitriigo,  No.  vu,  p,  107. 
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of  the  part  will  undergo  compression  :  and  as  the  blood  is  prevented,  bvtbe 
valves  in  the  Veins,  from  being  driven  back  into  the  smaU  vessels,  it  is  De^ 
essarily  forced  on  towanls  the  heart.'  As  each  set  of  muscles  is  relaxed, 
the  Veins  compressed  l)y  it  fill  out  again,  to  be  again  compressed  bv  the  re- 
newal of  the  force.  That  the  general  Muscular  movement  is  an  imporUnt 
agent  in  maintaining  the  circulation  at  a  point  above  that  at  which  it  would 
be  kej>t  by  the  action  of  the  heart  and  arterial  system  alone,  appears  (rm 
several  considerations.  The  pulsations  are  diminished  in  frequency  by  r«. 
accelerated  by  exertion,  and  ver\'  much  quickened  by  violent  effort  .$  24^, 
d).  In  all  kinds  of  exercise,  and  in  almost  every  sort  of  eflbrt,  there  is  that 
alternate  contraction  and  relaxation  of  piirticular  groups  of  Muscles,  which 
has  been  jnst  mentioned  as  affecting  the  flow  of  blood  through  the  veins: 
and  there  can  he  little  doubt  that  the  increased  rapidity  of  the  return  of 
blood  through  them  is  of  itself  sufficient  cause  for  the  accelerated  move 
ments  of  the  heart.  When  a  large  number  of  muscles  are  put  in  action 
after  repose,  as  is  the  case  when  we  rise  up  from  a  recumbent  or  a  j^ittiug 
posture,  the  blood  is  driven  to  the  heart  with  a  verv  strong  impetus;  and  if 
that  organ  should  be  diseased,  it  may  arrive  there  m  a  quantity  larger  than 
can  be  disposed  of;  so  that  sudden  ileath  may  he  the  result.  Hence  the 
necessity  for  the  avoidanre  of  all  sudden  and  violent  movements  on  the  pan 
of  those  who  labor  under  either  functional  disorder  or  structural  disease  of 
the  Centre  of  the  circulation. 

27().  The  Venous  circulation  is  much  more  liable  than  the  Arterial,  to  be 
influenced  by  tiie  force  of  gravity;  and  this  influence  is  particularly  uotic?- 
able,  when  the  tonicity  of  the  vessels  is  deficient. — The  following  experi- 
nunts  performed  by  Dr.  C.  J.  B.  Williams,"  to  elucidate  the  influence  of 
deficient  firmness  in  the  walls  of  the  vessels,  and  of  gravitation,  over  the 
movement  of  fluids  through  tubes,  throw  great  light  on  the  causes  of  rfnou* 
confff.^finn.  A  tube  with  two  equal  arm*  having  been  fitted  lo  a  syringe,* 
brass  tul)e  two  feet  long,  having  several  right  angles  in  its  course,  was  adapted 
to  one  of  them,  whilst  to  the  other  was  tied  a  portion  of  a  rabbit's  intestine 
four  feet  long,  and  of  calibre  double  that  of  the  brass  tube,  this  being  ar- 
ranged ill  curves  and  coils,  but  without  angles  or  crossings.  When  the  two 
tubes  Were  raised  to  the  same  height,  the  small  metal  tul)e  discharged  fr.)m 
two  to  five  times  the  quantity  of  water  di>chargeil  in  a  given  time  by  the 
larger  but  membranous  tube;  the  diflerenee  bi-ing  greatest  when  the  stmke* 
of  the  piston  were  most  foreible  and  sudilen,  by  which  the  inct^tine  wa* 
much  dilated  at  its  syringe  end,  l)Ut  conveyed  very  little  more  water.  When 
the  di>(harging  ends  were  raised  a  few  inches  higher,  the  diflerence  incrvascil 
c<»n>iderjibly,  liie  afuount  of  fluid  dis('harge<l  by  the  gut  being  mueli  diaiin- 
i>he<i ;  and  when  the  ends  were  raised  to  the  height  of  eight  or  ten  inches. 
the  gut  eea<e<l  to  discharge,  each  stroke  only  moving  the  column  ot  water 
in  it,  and  this  .>.ub>idiug  again,  without  rising  high  enough  lo  i»verfl«»w. 
When  the  foree  of  the  >troke  inerea^e*!  the  part  of  the  intestine  nearwl  the 
syringe  l.nr>i. — From  these  ex|jeriments  it  is  ea-^y  to  understand  how  any 
defieiiiKv  iif  "tone"  in  the  Venous  system  will  tend  lo  prevent  the  ascent 
of  the  blood  from  the  depending  parts  of  the  body,  and  will  consequendv 
oeca^inn  an  increased  pre-sure  on  the  walls  of  the  vessels,  and  an  augmen- 
t!iti<»n  in  the  (juantity  of  blood  they  contain.  All  these  conditions  are  pe 
culiarly  tiivonible  t«)  the  eseape  of  the  watery  jwirt  of  the  blood  from  ine 
.*«niall  Vessels  ;  and  tliis  may  either  infiltrate  into  the  areolar  tissue,  or  it  maj 

'  Sji'll.-r.  r«'btT)lMj  Illui-ir-'m  in  «lrii  ruh.-ndfii,  vcrkurzten  and  oniiiidften  Mu»- 
k«'.n  'ii-  lilit-Mtli-  TljitTi'-.  ill  Luilwii^'s  Arbeiten,  1870,  p.  77.  Also  Sczelkow,  in 
Wirinr  Sit/.!jiit;>lM'rirlite,  I^hiuI  xIv. 

2   l*riiiLi|.l.>  ol  Mudieiiu*,  l!d  edit.,  p.  18S. 
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be  poured  into  some  neighboring  serous  cavity,  producing  dropsy.  Thus  it 
happens  that  such  effusious  may  oflen  be  traced  to  that  state  of  deficient 
vigor  of  the  system,  which  peculiarly  manifests  itself  in  want  of  tone  of  the 
bloodvessels;  and  that  it  is  relieved  by  remedies  which  restore  this.  In 
many  young  females  of  leucophlegmatic  temperament,  for  example,  there 
b  a  tendency  to  swelling  of  the  feet,  by  oedematous  effusion  into  the  areolar 
tissue,  in  consequence  of  the  depending  position  of  the  limbs ;  the  oedema 
disappears  during  the  night,  but  returns  during  the  day,  and  is  at  its  maxi- 
mum in  the  evening.  And  the  congestion  which  frequently  manifests  itself 
in  the  posterior  parts  of  the  body,  towards  the  close  of  exhausting  diseases 
io  which  the  patient  has  lain  much  upon  his  back,  is  attributable  to  a  simi- 
lar cause ;  of  such  congestion,  effusions  into  the  various  serous  cavities  are 
frequent  results;  and  such  effusions,  taking  place  during  the  last  hours  of 
life,  are  often  erroneously  regarded  as  the  source  of  death. '  To  the  same 
cause  we  are  to  attribute  the  varicose  state  of  the  veins  of  the  leg,  which  is 
so  common  amongst  persons  of  relaxed  fibre,  and  especially  in  those  whose 
habits  require  them  to  be  much  in  the  erect  posture;  and  this  distension  oc- 
casionally proceeds  to  complete  rupture,  the  causes  of  which  are  fully  eluci- 
dated by  the  experiments  just  cited. 

6.  Peculiar  Hi  eii  of  tlie  Circulation  in  different  Parts. 

277.  In  several  portions  of  the  Human  body,  there  are  certain  varieties 
in  the  distribution  and  in  the  functional  actions  of  the  blood  vessel ?*,  which 
should  not  be  omitte<i  in  a  general  account  of  the  Circulation. — Of  these, 
we  have  in  the  first  place  to  notice  the  apparatus  for  the  Pulmonnnj  circula- 
tion ;  the  chief  peculiarity  of  which  is,  that  venous  blood  is  sent  from  the 
heart,  through  a  tube  which  is  arterial  in  its  structure,  whilst  arterial  blood 
is  returned  to  the  heart,  through  a  vessel  whose  entire  character  is  that  of  a 
vein.  The  movement  of  the  blood  through  these  is  considerably  affected  by 
the  physical  state  of  the  lungs  themsclvo-'*;  being  retarded  by  any  causes 
which  can  occasion  pressure  on  the  vessels  (such  as  over-distension  of  the 
cells  with  air,'  obstruction  of  their  cavity  by  solid  or  fluid  depositions,  or  by 
foreign  substances  injected  into  them,  etc.);  and  proceeding  with  the  great- 
est energy  and  regularity  when  the  respiratory  movements  are  freely  per- 
formed.— The  Portal  circulation,  again,  is  j)eculiar,  in  being  a  kind  of  ofiset 
from  the  general  or  systemic  circulation,  and  also*  in  being  destitute  of 
valves;  and  it  may  be  surmised  with  much  probability,  that  the  purpose  of 
their  absence  is,  to  allow  of  an  unusually  free  passage  of  blood  from  one 
part  of  that  system  to  another,  during  the  very  varying  conditions  to  which 
It  is  subjected. — Another  very  important  modification  of  the  Circulating 
system,  is  that  which  presents  itself  within  the  Cranium.  From  the  circum- 
stance of  the  crauium  being  a  closed  cavity,  which  must  be  always  filled 
with  the  same  total  amount  of  contents,  the  flow  of  blood  through  its  vessels 
is  attended  with  some  peculiarities.  The  pressure  of  the  atmosphere  is  here 
exerted,  rather  to  keep  the  blood  in  the  head,  than  to  force  it  out ;  and  it 
might  accordingly  be  inferred,  that,  whilst  the  quantity  of  cerehral  matter 
remains  the  same,  the  aniount  of  blood  in  the  cranial  vessels  must  also  be 
invariable.  This  inference  appeared  to  derive  support  from  the  experiments 
of  Dr.  Kellie.'  On  bleeding  animals  to  death,  ho  found  that,  whilst  the  re- 
mainder of  the  body  was  completely  exsanguine,  the  usual  (piantity  of  blood 
remained  in  tlie  arteries  and  veins  of  the  cranium;  but  that  if  an  opening 

*  .S«'f»  Quincke  imd  Pfoiff^r,  U«'Imt  (\vi\  Blui>ironi  in  die  Liini^on,  UoiclRTt  und  Du 
B-i-Ki->rn..nd'<«  Anhiv,  1871,  |».  00. 

*  Edinburgh  Medicu-Cliirurgicnl  Triiiwaetion.-,  vol.  i. 
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was  made  in  the  skull,  these  vessels  were  then  as  completely  emptied  as  the 
rest.  In  the  experiments  performed  by  Kiissmaul  and  Tenner/  it  was  found 
on  trephining  the  skull  and  compresiiing  the  carotids,  that  the  brain,  especi- 
ally after  removal  of  the  dura  mater,  became  very  pale,  and  retreated  from 
the  ojwning  to  so  great  an  extent  as  to  form  a  cup  2i  ram.  Id  depth  ;  whilrt 
on  releasing  the  pressure,  it  assumed  a  deep  rose  color  and  became  convex. 
When,  however,  they  luted  a  piece  of  glass  air-tight  into  the  hole  made  by 
the  trephine,  as  suggested  by  Bonders,  the  phenomena  were  no  longer  the 
same,  for  no  movement  of  any  kind  could  then  be  perceivetl  in  the  brain, 
which  remained  in  all  cases  immovably  in  contact  with  the  glass  plate;  but 
the  same  changes  in  the  tint  of  the  cerebral  substance,  on  checking  and 
again  restoring  the  current  in  the  arteries,  were  observe*!.  Observations  of 
a  similar  nature  were  made  by  Mr.  Durham*  and  Dr.  Hammond,'  by  whom 
it  was  noticed  that  the  condition  of  the  brain  varied  to  a  remarkable  degree 
in  the  sleeping  and  in  the  waking  states,  being  paler  and  anai^mic  in  the 
former,  and  comparatively  congested  in  the  latter.  These  experinieoB, 
therefore,  appear  to  furnish  indisputable  evidence  that  the  circulation  of 
blood  through  the  Brain  varii-s  with  the  general  conditi(ms  of  the  vascular 
system,  and  is  not,  as  Dr.  Kellie's  exjx»riments  appeared  to  show,  indepen- 
dent of  them.  In  !>!.  Jolly's  experiments  a  manometer  luted  into  the  skull  of 
dogs  showed  a  positive  pressure,  which,  rising  with  expiration  and  falling 
with  inspiration,  was  sufficient  in  genenil  to  support  a  column  of  water  vary- 
ing from  one  to  six  inches  in  height.  In  rabbits  it  was  about  half  this  amount, 
and  occasionally  became  negative.  The  pulse  in  dogs  caused  a  variation  of 
from  5  io  10  mm.  Compression  of  the  carotids  produced  but  little  etrect,but 
the  pressure  slowly  rose  when  the  jugular  veins  were  compressed.*  Moreover, 
in  disordered  states  of  the  circulation,  the  ouantity  of  blood  in  the  vessel?  of 
the  cranium  may  be  for  a  time  diminished  by  a  sudden  extravasation,  either 
of  blood  or  serum,  into  the  corobral  >ubstancc :  and  the  amount  of  interior 
^>/v>.*///v'  upon  the  walls  of  the  vcssitls  may  also  be  considerably  altered,  even 
when  there  is  m^  ditfcrence  in  the  qinmiiiii  of  fluid  contained  in  them.*  It 
.'-eems  highly  probable  that  in  the  (lelicate  and  extensive  system  of  capilla- 
ries found  in  the  pia  mater  and  choroi<l  plexus,  a  provision  is  made  by  which 
a  large  (juantity  of  cerebrospinal  fluid  can  be  etfused  (»r  absorbed  in  a  short 
space  of  time,  to  compensate  for  sudden  changes  in  the  balance  of  theci^ 
culation. 

"11^.  The  Erectile  TLismn  present  another  curious  modification  of  the  ordi- 
nary vascular  apparatus.  The  chief  of  these  are  th»*  (»orpora  cavernosa  in 
the  jK'uis  of  the  male,  and  in  the  clitoris  of  the  female;  the  collection  of 
similar  tissues  round  the  vagina  and  in  the  nymphie  and  uterus  ( Kouget) 
of  the  female;  and  the  nipple  in  both  sexes.     In  all  these  situations,  erec- 

*  Soo  tln'ir  K>.SHy  (Syd   Sin;.  TrHii^lntioii  i,  p.  *jl»  i*t  soq.,  18o9. 
'  (luy's  Il<.s|).  K.'j)  /isr.O,  p.  14t». 

•■♦  Ni'W  York  Mod.  .Itnirn.,  IbOo.  qui>ti'd  in  tin*  Phv^iidogy  of  Mnn,  bv  Dr.  Austin 
Fiint. 

*  S....  F.  .]<.lIy,rntor> 
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c  <-..  iVdMi  o7.7-4(Vi;  c.c.  ns  a  lufiin,  or  i<4.5-00.0  c.c.  a.<  niaximuui  uf  blood  may  be 
ctlused  witliuut  evidence  of  prossure. 
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tioD  may  be  produced,  and  in  the  ease  of  the  penis,  enilssio  seminis  may 
be  effected,  by  local  irritation.  The  erectile  tissue  appears  essentially  to 
consist  of  a  plexus  of  veins  with  varicase  enlar^ments,  inclosed  in  a  fibro- 
muscular  envelope  with  trabecular  partitions/  In  the  penis,  as  first  pointed 
OQt  by  Prof.  Miiller,*  there  are  two  sets  of  arteries ;  tnose  of  one  set,  des- 
tined for  the  nutrition  of  the  tissues,  communicating  with  the  veins  in  the 
usual  way,  through  a  capillary  network ;  whilst  the  others,  termed  by  him 
the"helicine  arteries,"  are  short,  tendril-like  branches  which  project  into 
the  veins  (covered,  however,  by  their  endothelium),  sometimes  singly,  and 
Bometimes  in  tufts,  ending  abruptly  by  dilated  extremities.  These  arteries 
are  accompanied  by  a  special  system  of  longitudinal  bundles  of  muscles, 
the  fibres  of  which  become  inserted  into  the  middle  coat  at  various  points 
(Stilling,  Stein).  The  dilated  ends  of  the  helicine  arteries  usually  com- 
muDicate  directly  with  the  venous  cavities,  since  injection  thrown  into  the 
former  generally  fills  the  latter,  and  Kolliker  states  that  he  has  frequently 
found  them  giving  off  delicate,  almost  cai)illary  vessels,  whi(;h  discharge 
themselves  into  the  venous  spaces.  The  nerves  implicated  in  producing 
erection  in  the  dog  were  found  by  Eckhard'  to  be,  first,  the  Nn,pudend. 
communes  proceeding  from  the  sciatic  plexus,  and  supplying  the  musculi 
iflchicM^vernosi,  the  corpora  cavernosa  of  the  penis,  and  membranous  por- 
tion of  the  urethra;  and  second,  the  Nervi  erigentea  proceeding  from  the 
sacral  nerves  and  entering  the  hypogastric  plexus.  This  plexus  contains 
minute  ganglia,  communicates  with  the  posterior  mesenteric  plexus,  and 
furnishes  branches  to  the  bladder,  prostate  gland,  rectum,  and  membranous 
portions  of  the  urethra.  Af\er  division  of  the  former,  or  common  pudendal 
nerves  in  the  dog,  Eckhard  found  it  impossible  to  produce  erection  of  the 
penis  or  emission  of  semen  by  direct  irritation  of  the  penis.  The  Nervi 
erigentes  are,  undoubtedly,  the  chief  excitors  to  erection,  for  on  exposing 
and  irritating  them,  swelling  of  the  penis,  gradually  proceeding  forward:?  to 
the  glans,  immediately  commenced.  Erection  may  also  occur  as  a  result  of 
certain  emotional  conditions  of  the  mind,  the  influence  of  which  is  pFob- 
ably  transmitted  through  the  Sympathetic  nerve,  as  it  may  be  experienced 
even  in  cases  of  paraplegia,  whilst  according  to  Legros,*  after  section  of  the 
sympathetic  fibres  distributed  to  an  erectile  organ  no  erection  occurs.  The 
precise  mode  in  which  the  nerves  act  is  still  unknown,*  but  there  are  grounds 
for  believing  that  both  the  male  and  female  organs  are  preserved  in  a  (jui- 
esoent  state  by  a  tonic  influence  exerted  over  the  vessels  by  centres  situated 
in  the  lower  part  of  the  spinal  cord.  In  the  venereal  orgasm,  however,  in- 
hibitory centres  are  excited,  which  restrain  the  action  of  the  spinal  cord 
and  lead  to  dilatation  of  the  vessels,  and  increased  flow  of  blood  through 
the  organ  ;  Eckhard,  indeed,  relates  that  in  his  experiments  he  obtained 

•  S**o  A.  W.  St<'in,  New  York  Mod.  Journal,  Juno,  1872,  for  an  nccount  of  tho 
Hi^toloiry  and  Physiolocy  of  the  Penis. 

•  Kntdcckuns  dor  hoi  dor  Erection  wirksRmon  Artorion.  in  Muller's  Archiv,  1835, 
p.  2<'2.  The  views  of  Miiller,  though  opposed  by  Valentin  (Miiller's  Archiv,  1838. 
p.  182?,  W««l>or,  Arnold,  Beclard,  and  others,  as  well  as  reconlly  by  Rnujijet,  Journal 
de  rAoHtomie,  t.  i,  p.  32(5,  and  Lanijor,  Wien.  Sitz.,  xlvi,  18«)3j  p.  llM),  who  consider 
the  helicine  arteries  to  he  for  the  most  psirt,  if  not  nltorrother,  artificial  ]>rodncls  con- 
f^ui-nt  on  tho  diflSculty  of  forcinij  injection  into  the  tortuous  vesseU  of  the  tra- 
bccula*.  have  l»e<.'n  supported  by  tbe  preat  authority  of  Ilenle  (Handhu<.'h  d.  Men>ch. 
Anntcrn.,  IHti^i,  p  4u2).  Soe  also  Robin,  parnphl(ft.  On  tho  Erectile  Tissues,  and 
Vulpiun.  Lemons  .«ur  TAppareil  Vasonioteur,  1875,  p    101. 

•  Beitriisre  zur  Annt.  und  Phys.,  Giedscn,  18G3,  and  1807,  p.  71. 

•  Gaz.  Med  de  Paris,  1866,  No.  6. 

•  For  different  view?  gee  Kolliker,  loo.  cit.  ;  Kouget,  Archives  do  Phypiologie, 
lS»4i,  p.  671  ;  Goltz,  PflUirer's  Archiv,  B.  vii,  1873,  p.  840  ;  Vulj)ian,  Li^ons  sur 
I'Appareil  Vusomoteur,  1875,  p.  161  et  seq. 
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eight  times  more  blood  from  the  veins  of  the  penis  at  the  period  of  erection 
than  during  the  intervals.  The  ischio-eavernosi  and  bulbo  caveruosus  miu- 
clcs  probably  afford  some  assistance  in  completing  and  strengthening  the  act 
of  erection  by  compressing  the  veins  which  return  the  blood  from  the  peois, 
but  they  are  clearly  unable  to  effect  it  by  their  own  act,  and  it  is  obviou 
that  no  analogous  power  can  be  exerted  in  other  erectile  organs  as  the 
nipple.  Their  centres,  according  to  Goltz,'  are  situated  in  the  lumbar  region 
of  the  spinal  cord,  and  here  also  is,  in  all  probability,  an  inhibitory  centre 
governing  their  action  as  well  as  that  of  the  sphincter  aui. 


CHAPTER   IX. 

OF   RESPIRATIOX. 

1.  Nature  of  the  Function;  and  Provisions  for  its  Performance, 

279.  The  Nutritive  fluid,  in  its  circulation  through  the  capillaries  of  the 
system,  undergoes  great  alterations,  both  in  its  physical  constitution  and  in 
its  vital  propcTties.  It  gives  up  to  the  tissues  with  which  it  is  brought  into 
contact,  some  of  its  most  important  elements;  and  at  the  same  time  it  ii 
made  the  vehicle  of  the  removal,  from  these  tissues,  of  ingredients  which 
are  no  Ionizer  in  the  state  of  combination  that  tits  them  for  their  office;!  in 
the  Animal  Economy.  To  separate  these  ingredients  from  the  general  cu^ 
rent  of  tlic  circulation,  and  to  carry  them  out  of  the  system,  is  the  great 
object  of  the  excretory  organs;  the  importance  of  whose  res|K»ctive  func- 
tions will  vary,  it  is  very  evident,  with  the  amount  of  the  ingredient  which 
they  have  to  separate,  and  with  the  deleterious  influence  whit-h  its  retention 
wouhl  exert  on  the  welfare  of  the  system  at  large.  Of  all  these  injurious 
ingredients,  Carbonic  Acid  is  without  doubt  the  one  most  abundantly  intro- 
duced into  the  nutritive  fluid  ;  an«l  it  is  also  most  deleterious  in  its  effects  on 
the  system,  if  allowed  to  aecunuilate.  We  liinl,  accordingly,  tliat  the  pro- 
vision for  the  removal  of  this  substance  from  the  blood  is  one  of  i)eculiar 
extent  and  importan(»e,  especially  in  the  higher  forms  of  animals;  and  fur 
ther,  that  instead  of  being  etleeted  by  an  operation  jHJculiarlv  citai  (like 
other  acts  of  Excretion  ),  its  performance  is  secured  by  being  made  to  depend 
upon  si nj pie  ;>////.-</(•((/ conditions,  and  is  thus  comparatively  little  susceptible 
of  (leran^rcnient  from  disorder  of  other  })r()cesses.  All  that  is  re4|uisite  for 
it,  is  the  exposure  of  the  IMood  to  the  influence  of  the  Atmosjdieric  air  (or, 
in  a((uatic  animals,  of  air  dissolve<l  in  water ),^  through  the  medium  of  a 
membrane  that  shall  ])erniit  the  **  dilfusion  of  gases;'*  an  interchange  then 
takini;  place  between  the  gaseous  matters  on  the  two  sides, — Carb^^nic  Acid 
beiuL'  exhahMl  from  the  Hlood,  and  being  replaced  by  oxygen  from  the  air. 
Thus  the  extrication  of  Carbonic  acid  is  effected  in  a  manner  that  renders 
it  subservient  to  the  introduction  of  that  <'lement  which  is  requinni  for  all 


»  (;.)ltz.  rniiL:<'r*!i  Arcbiv.  Hnnd  vii,  Is?:^,  p.  582. 

'^  Wliil-t  air  i«iiitain<  alxMit  Iili  (»!"  il>  vdinnc  nf  oxyi^m  pas,  w;it«»r  CMntHin?  onW 
»],,-,lli  t»f  its  voluiuo  The  liM'MiMM'ss  of  tin*  r<'<piral«»ry  procM'sstos  which  this  implirt 
ill  aquatic  aiiiinaN  i<  in  part  I'oinpi'n-alrd  I'nr  by  tli<?  rrady  gullibility  of  cjtrlN»nic  ai-id 
^a>  in  water,  wbicb  lacilitatt's  its  (>>cap<>  {loni  the  sy>t«>n),  nnd  tho  cireuiiistjinco  that 
the  n>pirat(»ry  ort;ans  arc  aituaih  floating  in  the  oxygenated  medium. 
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the  most  active  raaDifestatioDs  of  vital  power;  and  it  is  in  these  two  pro- 
cesses conjointly,  not  in  either  alone,  that  the  function  of  Sespiration  essen- 
tially consists. — We  shall  now  inquire  into  the  sources  from  which  Carbonic 
acid  is  produced  in  the  living  body,  and  the  causes  of  the  demand  for  Oxy- 
gen. 

280.  The  vital  activity  of  the  organism  at  large  involves  a  continual 
change  in  its  constituent  parts;  and  those  which  (so  to  speak)  live  the  fast- 
est, usually  die  the  soonest,  and  pass  most  readily  into  decay  (chap,  x,  sect. 
1).  Hence  in  the  very  performance  of  the  Organic  functions  which  concur 
to  effect  the  Nutrition  of  the  body,  there  is  a  constant  source  of  disintegra- 
tion ;  and  one  of  the  chief  products  of  the  decay  of  the  tissues,  which  is 
consequent  upon  their  loss  of  vitality,  is  Carbonic  acid. — Thus  the  most 
gefieral  object  of  the  Respiratory  process,  which  is  common  to  all  forms  of 
organized  being,  is  the  extrication  of  this  product  from  the  system  ;  and  the 
demand  for  aeration  hence  arising,  will  vary  with  the  activity  of  the  nutri- 
tive operations.  Now  the  rate  of  life,  and  consequently  the  amount  of  dis- 
integration, in  any  organized  structure,  depend  in  great  measure  upon  the 
temperature  at  which  it  is  maintained  ;  and  thus  it  happens  that  the  produc- 
tion of  Carbonic  acid  from  this  source,  at  the  ordinary  rate  of  vital  activity, 
is  much  more  rapid  in  "  warm-blooded  "  than  in  "  cold-blooded  "  animals, 
and  that  the  former  suffer  far  more  speedily  than  the  latter  from  the  priva- 
tion of  air.  But  when  the  temperature  of  the  Keptile  is  raised  by  external 
heat  to  the  level  of  that  of  the  Mammal,  its  need  for  respiration  increases, 
owiog  to  the  augmented  waste  of  its  tissues.  When,  on  the  other  hand,  the 
warm-blooded  Mammal  ia  reduced,  in  the  state  of  hibernation,  to  the  level 
of  the  cold-blooded  Reptile,  the  waste  of  its  tissues  diminishes  to  such  an 
extent,  as  to  require  but  a  very  small  exertion  of  the  respiratory  process  to 
get  rid  of  the  carbonic  acid,  which  is  one  of  its  chief  products.  And  in 
tfaoee  animals  which  are  capable  of  retaining  their  vitality  when  they  are 
frozen,  or  when  their  tissues  are  completely  dried  up,  vital  activity  and  dis- 
integration are  alike  entirely  suspended,  and  consequently  there  is  no  Car- 
bonic acid  to  be  set  free. 

281.  But  another  source  of  Carbonic  acid  to  be  set  free  by  the  Respiratory 
process,  and  one  which  is  |)eculiar  to  animals,  consists  in  the  rapid  changes 
which  take  place  in  the  Muscular  and  Nervous  tissues,  in  the  very  act  of  per- 
forming their  peculiar  functions;  the  development  of  the  Muscular  and  of  the 
Nervous  forces  involving,  as  the  very  condition  of  their  production,  a  change 
in  the  substance  of  these  tissues  respectively  ;  in  wliich  change  a  large  quantity 
of  Oxygen  is  consumed,  and  a  large  amount  of  Carbonic  acid  is  generated. 
Hence  in  Man,  as  in  all  Animals,  in  which  the  Nervo-Muscular  apparatus 
constitutes  the  essential  part  of  the  organism,  a  powerful  demand  for  Respi- 
ration is  created  by  its  activity  ;  the  amount  of  oxygen  taken  in,  and  of  Car- 
bonic acid  exhaled,  being  determined,  cwteris  paribus^  by  the  degree  in  which 
this  apparatus  is  exercised. — That  Carbonic  acid  is  set  free  ready  formed  by 
the  muscles,  and  is  not  exclusively  generated  by  the  oxidation  of  the  prod- 
ucts of  their  disintegration  after  the  reception  of  thoKi  into  the  blood -current, 
has  been  shown  by  the  experiments  of  Dr.  G.  Liebig,*  who  found  that  care- 
fully prepared  frogs*  muscles  absorb  Oxygen  and  exhale  Carbonic  acid  so 
long  as  their  contractility  lasts,  even  when  they  have  been  completely  de- 
prived of  blood.'     In  the  similar  experiments  more  recently  made  by  M. 

>  Berichtd.  Akhd.  d.  Wiwensch.  zu  Berlin,  1850,  §§  339-347. 

*  The  .natement  of  MM.  Ester  and  St.  Pierre,  that  the  formation  of  carbonic  acid 
it  most  energetic  in  the  arterial  system  (Robin's  .Journal  de  T Anatomic,  1805,  p.  3U2), 
has  been  refuted  by  Hirschman  (Du  Bois-Kcymond's  Archiv,  18G6,  p.  50*2),  and 
Hoppe-Seyler  (Med.  Chem.  Untersuch,  Berlin,  1807,  p.  295). 
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Paul  Bert'  it  clearly  appears  that  wlittst  ihe  muM^ular  tissue  op  aefioual  if 
its  large  mass  plays  the  most  important  part  in  thnse  internal  i>nH'esa»  mhMk 
be  has  termed  the  **  respiration  of  the  tissues/*  yet  that  anaUij^ou?*  diiuge* 
occur  in  every  tissue  and  organ  in  the  body.  It  must  not^  however,  iiietm  , 
hastily  a^umed  that  the  phenomena  here  witnessetl  are  ihim*  of  simple  oxidi-, 
tion,  since  the  absorptiofi  of  03i:ygen  and  the  extrication  of  Carborii*'  nvtd  anal 
probably  only  the  first  and  last  links  in  a  long  series  of  decompositions. 

282.  Beside  these   sources  of  Carbonic  acid  which  are  common  u>  all  I 
Animals,  there  is  another  which  is  r^tricted  (or  nearly  so)  to  the  two  higtiesy 
classes,  Birds ^ and  Mammals;  these  being  distinguished  by  their  ptmcr  ^r 
maintaining  a  constantly-elevated  temperature*     A  part  of  this  hcyit  k  pfji^l 
erated  by  the  oxygenation  of  the  conif)onenta  of  their  disintegmtin 
and  of  their  blood,  the  metamorphosis  of  which  takes  place  at  a  ver>*  r.. 
but  where  this  is  not  sufficient,  their  power  of  maintaining  their  t^^nijhjr 

dependiS  upon  the  rf*Vec#  combination  of  certain  elements  of  the  i\iui\  witi 

oxygen  of  the  air,  by  the  combust ive  process. — ^The  quantity  of  ciirlionieaeld 
that  18  generated  directly  from  the  elements  of  t lie  food,  seems  to  vary  win 
dderabty  iri  different  animats,  f^^d  in  different  states  of  the  s^imo  individtud^ 
In  the  Carnivoroua  tribes,  which  ?5|>end  the  greater  part  of  their  time  m  \ 
state  of  activity,  it  h  probable  that  the  t|uantity  wliich  is  gen**r»tcd  bv  iHt 
waste  or  metamorphwis  of  the  tissues  «**  suffident  for  the  maintenanci?  of  il»^ 
required  temjierature;  and  that  comparatively  little  of  the  carbonic  wj<' 
ict  tree  in  respiration,  it  derived  from  the  direcl  combustion  of  the  matt-na 
of  the  food.  But  in  Herbivorous  animals  of  comparatively  inert  habit*,  tht 
amount  of  metamorphosis  of  the  tissues  m  far  from  being  ^utf; 
large  part  of  the  food,  consisting  as  it  does  of  substances  that 
bustion  with  great  facility,  is  made  to  enter  into  direct  combinai 
oxygen  of  the  air,  and  thus  m  compensate  for  the  defieienry.  In  ^i  ...,] 
otlier  aniniui^  which  can  sustain  considerable  %^ttriations  of  din  1| 

adapt  themselves  to  a  great  diversity  of  habits,  the  quantity  ot  i 
formed  by  the  direct  combination  of  the  element.^  of  the  tood  witli  ih*i 
gen  of  the  air,  will  difter  extremely  under  ditferent  circumstances  Jt  will 
mrve  as  the  complement  of  that  which  h  formed  in  other  ways :  m  thm 
will  diminbh  with  the  increase,  and  will  increase  with  the  diminution 
muscular  activity.  It  will  also  vary  in  an  inverse  ratio  to  the  external  u-m* 
perature,  inereas^ing  with  m  diminution  (as  more  heat  must  then  be  n^f'- 
erated),  and  diminishing  with  its  increase;  the  etfect  of  external  heat  h^  •■ 
thus  prerisclv  opposite,  in  the  warm-blooded  aninial,  to  that  which  it  exrm 
on  the  cokl-i>looaed  (§  281),— In  all  cases,  if  a  Biufficient  supply  of  fiKxi  be 
not  furnished,  the  store  of  fat  is  drawn  upon  ;  and  if  this  be  exhausidi,  tht 
auimal  dies  of  cold. 

2S3.  To  recapitulate,  then,  the  ^urc^  of  demand  for  0%ygen  aad  pro* 


1  P,  Bert,  Li'^nos  sur  Ift  Pbj'siolt>gie  coinpwree  d«  In  R(!Spiraition,  ParU^  18T*^}t  ^ 
et  *eq.     In  Ibese  exj>erimcnU  M.  Bert  found  ihiit; 

Gnnunei. 
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**•     of  ttfSlbt  .  *  ,  . 

•*  of  tiijtic  tind  marruweni6h(*cl, 

It  IB  wnrthy  f>r  nolTCP  that  M,  Bert  find* 

m^nia  ihnl  Uk'  Iwrijpr  the  proponkm  of  tixygen  (i  rear  tit  itj  the  iiir'tM 
art'  <?x|.o*^d,  the  more  frwly  it  is  Mlisiirlwd';  ihe  prt>|>oriiun  i>f  cmiIm 
h»led,  liowev«r,  i»  aot  correBpondingly  inercwird. 
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duet  ion  of  Cflrbonic  acid  in  the  animal  body  are  threGfold. — -i.  The  co»- 
linual  decay  of  the  tissues  common  to  aJl  organ ized  bodies,  which  is  favored 
by  whatever  promoted  their  vital  activity,  and  is  retarded  by  every  influence 
that  depre^es  iL^ — JL  The  melamorph<>si$  peculiar  to  the  Nervous  and  Mus- 
cular tis&ues,  which  is  the  verj^  condition  of  the  production  of  their  jjower, 
and  which  therefore  bears  a  direct  relation  to  the  degree  in  which  they  are 
exerted. — in.  The  direct  conversion  of  the  carbon  and  hydrogen  of  the  fiKjd 
into  carbooic  acid  and  water,  which  k  peculiar  to  warm-blooded  apiiuals; 
mnd  which  variei  in  quantity,  in  aecordauce  with  the  amount  of  heal  to  be 
generated, 

284*  The  activity  of  the  process  of  Respiration  in  any  Animal  is,  as  a 
general  rule,  in  direct  proportion  to  the  smalhiess  of  the  Corpuscles  of  its 
blood;  for  these,  as  baa  already  been  shown  (§  193J,  arc  the  carriers  of  axy* 
gen ;  and  it  is  evident  that  a  given  weight  of  smaller  globules  will  offer  a 
larger  surface  for  the  absorption  of  oxygeu,  than  an  equal  \ceightof  larger 
Corpuscles.  Henf»e  in  Fishes  and  Reptiles,  which  p^issess  large  Corpuscles, 
the  provision  for  the  aeration  of  the  blood  is  much  less  perfect,  and  the 
amount  of  oxygen  absorbed,  and  of  carbonic  acid  eliminated,  is  considerably 
smaller  than  in  the  case  of  Mammals  and  Birds*  the  corpuscles  of  whose 
blood  are  remarkably  minute.  At  the  same  time  the  size' of  the  lungs  in 
Uic  latter  clas^^  is  far  less  in  proportion  to  their  bulk  than  in  most  Heptfles; 
but  this  diminution  is  more  than  compensated  by  the  minute  subdivision  of 
their  ciivities»  by  the  fjeculiarlty  of  the  distribution  of  their  bloodv(^sels,  and 
by  the  arrangements  whereby  a  continual  and  rapid  interchange,  both  of 
the  bltKKi  and  of  the  air,  is  provided  for, — The  following  are  the  points  of 
most  importance  in  the  structure  of  the  Human  Lung.*  The  walls  of  the 
larger  bromJii  are  composed  independently  of  the  tunica  adventltia  of  four 
stmcturalty  distinct  layers.  Of  these  the  outermost  (a,  Fig.  \*~}7)  isa  fibroua 
Imjer  of  dense  connective  tissue  in  which  cartilaginous  laminie  conferring 
finances  and  elasticity  on  the  tubes,  are  imbedded.  The  next  (6 )  is  a  mus- 
cniar  layer  eorapoeed  of  compact  circularly  arranged  fasciculi  of  smooth 
tnUK'ular  tissue.  The  third  is  the  internal  fibrous  layer  (c),  composed 
of  tolerably  regularly -arranged  longitudinal 
bundles  of  thick  elastic  fibres,  which  on  sec-  ^°-  ^*^' 

tion  give  a  sinuous  outline  to  the  interior  of 
the  lube.  The  innermost  part  of  this  layer  Is 
condensed  into  a  hyaline  layer,  and  upm  this 
last  or  so-called  basement-membrane  rest«  the 
ciliated  columnar  epithelium  that  forms  the 
fourth  layer.  Intervening  here  and  there 
auongat  the  ciliated  columnar  cells  are  E, 
8ebut^*^s  tup,  (jobki,  or  chnlke  eelU  {h.  Fig. 
166?.  These  are  lilleil  with  a  mucous  mass 
through  which  numerous  highly  refractile 
granules  are  distributed.  Imbedded  in  the 
outer  fibrous  layer  of  the  larger  bronchi  are 
numerous  mucous  glands,  the  ducts  of  which 
ran  inwards,  are  lined  with  columnar  epithelium,  and  open  by  trumpet 


Ctlfilvd    EpKhi-Uuni  fruiP  a  ht^t^ 

It,  diluted  efllumuitr   tipUbvUml  ce11»; 
b,  gublet  teUa,    From  llje  Dfeg,  mag- 


*  For  an  iiccoun^  of  the  princijml  forms  of  Re»piralory  nripBt-»liia  tiuinng  the  lower 
AnimfllSf  fee  Prine.  of  Conip,  Ph^-s.,  cimp.  vi ;  nUo  the  Mismnir  hy  Mr,  Riiint-y  in 
ti*«  Med.-Chlj-urg,  Trnns,,  ¥tiL  iJtviii;  and  Fruf  KoHiker'fe  MhihimJ  of  Hiimun  Mi- 
crofcopic  AnuUJinji  186(1,  Land,  For  excell^nL  ^i-aerHl  nccumUia  of  th^  stmcluru  of 
tlif»  HumHn  Lung,  «e«  Watori's  Fotbt^^rgilluui  Ei».4ny,  London,  1S60;  WiUiam^in  thq 
fiupplettient  f>f  the  CycL  Anai.  flnii  i*hyBi*>U>gy  ;  and  F.  E*  Scbulsce  in  Strieker's 
En^UAt  of  Hiitalogy  (Syd.  Soc.  Tr*nE-),  toL  ii,'j872,  p=  03,  on  whaae  essay  the  fol* 
lowing  doicriptioa  ii  lounded. 
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shaped  orifices.  They  cease  witli  the  cartiiaginoiig  plateB  betw<»eB  mhkh 
only  they  iillfnmtely  appear.  The  smaller  bronchi,  or  those  having  a  fJiam^ 
ter  of  about  one-firtiefh  uf  a»  itich,  differ  from  the  foregoing  chieflr  in  ihf 
thinnesi*  of  their  external  fihroa*  cijfiL  niid  the  absence  in  it  of  citlier  car- 
tilagejs  or  inneous  glatuH  whikt  the  eoUimuar  ciliated  epitbelium  beeoma 


Fi€i.  IBT. 


^    f* 


^■'^-r^^l 


S 


fer^ 


Far  I  of  .1  tTiDtwme  8<?<?tloii  of  a  l>mncl*1ftl  iuhif  froiu  ihp  Pig  Jiaviu-  r  ,.f  ibviit  U 

til  imh,  tntt^niaiti  S40  dUmetetv.    d,  vkt^^rnnt  fihrvjiiis  Inyer;  6,  muJ^utair  layer;  «,  iBt^rftAl  ito^ot 
Ujri*T ;  d,  cpiiheHaJ  layers  /,  **»«♦  of  J  ho  turroiUKUug  HlrctilL 

lower  or  niore  flattened,  and  finally  at  the  termination  of  the  bmnchii  in  | 
the  alveolar  pa^isages  the  cells  l<j^e  their  cilia  and  the  cup  celh  ce^i^ 
pea  r.     The  b  row  c  b  i  a  I  t  u  bes  *  1  i  v  i  d  e  and  s  a  bd  i  v  ide ,  an  d  at  thei  r  t  e  r ! 
(fi,  Fig,  lo8j,  open  into  canals  known  as  the  aive4}i4ir pagmt^es,  the 
of  which  is  surrounded  by  a  thick  bundle  of  annular  muscular  tw 
fo  r  r  n  i  u  g  a  k  i  n  d  of  sp  h  i  n  c  te  r> '     T  heal  v  eola  r  passage* ,  c,  c ,  a  re  rn  th  c  r  w  idi-r 
than  the  bronchia,  fn^ni  which  they  spring,  and,  after  dividing  dichotomou^iy 
at  acute  angles  from  two  to  four  times,  terminate  csDcally  at  a  dUtaocf  of  from 
y^th  to  I'glh  of  an  inch  from  the  extremity  of  each  bronchial  tube.     In  von* 
Ifleqnence  of  these  yltiniate  proeasses  gradually  expanding  towards  their  c^waiJ 
llemiinations  they  have  been  termed  mfimdibui<i.    Both  tht;  alveolar  paj<<««j?ai 
|And  the  infundibula  t  air-sacs  of  I)t,  Waters,  which  he  describ€»  mthcr  dtf- 
Ifercntly  from  l^chulze  as  forming  a  group  of  from  six  to  ten  in  niimlM*j' 
Iclnstered  around    the   extremity  of  every  bronchia!   tube)  arc  [m^a  with 
[numerous  small  polyhedrie  cavities  with  rounded  angles  and  b<»  nd 

[the  ulrffJi  or  air-eclh  (Fig.  158) ;  from  ten  to  twenty  of  ejirh  tn;  itid 

Ikjlth^  interior  of  each  in  fundi  bu  I  urn  or  air-sac,     The  length^  iili 

0ft>rdinary  size  are  about  ecjual  to  their  breadth  ;  the  total  nui*  '  t^ 

estimated  approximatively  at  ITOU  or  18fH)  millioni^,  with  a  snrfn  ni 

to  200  square  meire.%  (Kuss)/    The  foundation  layer  of  the  alv^  i  i? 

composed  of  a  tran*^pareot  structureless  membrane,  which  in  the  thicks 
part^  exhibits  a  distinctly  fibrous  character,  caused  by  the  presence  of  our 
mcrc»us  elastic  fibre*/  The  meml>ratie  is  tblded  sharply  at  the  mar^bof 
the  air- vesicles  (Fie,  U}^,  c),  so  ub  to  form  a  veiy  definite  border  to  thf*ii- 
The  stronger  septa  divide  off  polyhedrie  portions  of  the  alveolar  parcncbyw*^ 
which  are  known  as  Mufi.^The  diameter  of  the  Humaa  mr^h  u  ilxHit 


J  Rlndflei?ch,  CentralblnUj  1872,  p,  66,  '  Phpioloffep  1S73,  p-  83i 

•  Hirflch[nttaa  und  Ciir^ion&t'siczewakyj  Yirchow'a  Archiv,  18CtS,  p.  356. 


OEIfERAL    STR0CTUEE    OF    THE    RESPIRATORY    ORQAHS,      365 

tir<^ialy  times  grenler  tUao  tliat  dP  tbo  capiUaries  which  are  clistributed  uprm 
iheit  piirictesi;  varyiug  (according  ti>  tlie  nicusur^meiit  of  Weber)  from  the 
j^^tb  to  the  jt^iU  iif  au  mch.^    The  inner  surtUee  as  welt  as  tli€  whole  of  the 


Flo,  109. 


Fie.  3flO. 


fkifidibuU  tram  tlt^  ntJintln  of  the 
hung  iff  m  Mmaktf  i XVrc^op  t h«tnia )  Iti- 
ytictti&  with  mcKUf}\  iDAg^nlllt'd  lU  dU 


€,  mvmUj%it«m  waU,  with  flue  clwUc  llbrvn, 

iofiuidibula  and  alveolar  passages  are  invented  by  a  coutiniious  aud  in  the 
foetus  homogeneous  epithelium.  In  adnlt  niammaU,  however,  it  h  not  homo- 
geneous. In  the  mature  ftelus  the  cells  art:  flat,  4-0  angled,  with  granular 
contents  aod  m  bright  spherical  nudeu^.  In  the  adult  such  cells  are 
trmDged  io  group?  of  two  or  four  ^separated  by  large  trau.^parent  thin  gtruc- 
t«felc«s  cell^,  which  arc  either  irregularly  angular  or  siuuoua  in  outline. 
Thcssc  rover  the  capillaries  and  all  tlse  folds  and  prominent  edges.  The 
gran II tar  s^pheroidal  cells  cover  the  pj^.  ig^, 

alveolar  walls  between  the  meshes  of 
the  capillarie^jand  in  adults  constant- 
ly contain  suheroidal  black  pigment* 
putiules.  The  capillary  plexus  (Fig. 
_^0)  ifi  so  disposed  between  the  two 

jers  which  form  the  walls  of  two 

ajacent  air-cells,  ai?  to  expoi*e  one  of 
itfl  surfaces  to  each  :  by  which  provi- 
flon  the  full  Influence  of  the  air  upon 
it  is  eecured.  The  net w oik  of  ves- 
mh  h  #0  close,  that  the  diameter  of 
the  meshes  is  scarcely  m}  great  as  that 
of  the  capillaries  which  inclose  them, 

and  ihev  often  project  into  the  cavity  ^.^^^^.^t  of  ih.  r.,iu.n..  or  ih.  Air^-di*  of 
of  the  alveoli  covered  only  by  the  ititt  Humttn  LuJig. 

'  The  dimetislona  giireti  by  Mtjl<?S4!butt  {De  VcsJculi*  Pidmonum  Mftlpighinnts)  ar© 
very  much  les*  than  ihc*e ;  thi:'  mnj^R  of  diimjeter  being  iinted  by  him  nt  hetwoen 
yjjth  and  x^iitb  of  fin  in*.-b.  Tbo  Author's  own  obs^rvtttion?,  boweveri  \&ad  him  to 
r^iird  WeW'A  and  KolHktir^s  Btatemtiats  a^  very  near  the  truth. 
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flat  cells  flbove  ineivtioned  ;  liKleed  it  would  be  impossible  to  ooneeivp  ni  « 
method  by  which  blood,  whilst  still  retained  within  vesseb,  should  be  ^rad 
over  a  larger  Mirface  for  aeration.     And  if  not  restricted  withiD  Te«d§, 
it  could  not  be  ceaselessly  and  rapidly  driven  on  by  the  pn>ptiUtv#  poww 
of  the  heart,  which  acts  no  less  efficiently  upon  the  pulmouary  cirenUticii  I 
than  upon  the  systemic,  although  the  force  exerted  is  much  inferior,  tbe  J 
resisting  power  being  far  le^ss,  in  consequence  of  the  ahortnes?  of  the  rirrait*' 
Ej^timoting  the  surface  of  the  capillaries  at  three-fourths  of  the  whol*?  mr-' 
face  of  the  alveoli,  a  thin  layer  of  blood  of  150  square  metres  would  be 
exposed  to  the  air,  representing  about  two  litres  of  blood  ;  and  it  ha«  been 
further  calculated  that  it  i.s  renewed  10,000  times  in  the  24  hntirn  t  Kusi)/ 
Even  making  great  allowanf'e  for  error  in  the^e  calculation-  U  reis 

to  ?how  how  extensive  is  the  surface  for  the  interchange  of  _  .  we    

air  and  the  blood. — Two  systems  of  vesssels,  the  pulmonary  aii«l  the  broo* 

'  chial,  tniusmit  bU)od,  though  iti  verv  different  proportions^  through  the  lung?, 
lu  the  former,  which  is  by  far  the  large^^t,  tlie  blood  received  from  the  ?yft-  ' 
tem,  deficient  in  oxygen  and  charged  with  carbonic  acid,  k  proj>el!ed  by  thf 
right  ventricle  through  the  pulmouary  artery  to  the  minute  plexus  of  capil- 
laries just  described  on  the  walls  of  the  air-^acs  aod  vesicles*  From  theuce, 
having  undergone  aeration,  it  is  relurtied  to  the  left  auricle  of  the  heart.  | 
through  the  pulmonary  veins,  to  be  distributed  by  the  left  ventricle  and 
arterial  system  to  the  body  at  large.  The  smaller  syalera,  which  ha-*  beeo 
particularly  examined  by  Prof*  Turner,'  consistitig  of  the  bronchial  arteries 
and  veins,  with  numerous  uiiuut^  bmuches  of  the  intercostal,  internal  tuam* 
mary,  and  other  arteries,  is  distributed  to  the  parts  about  the  root  of  the 
lung,  the  large  bnmuhial  tub&s,  and  the  pulmonic  pleura  ;  some  of  its  capil- 
laries discharge  thcm3elvc?s  into  the  corresponding  bronchial  veins,  wliilit 
others  terminate  in  the  pulmonary  system,  and,  there  is  reaiton  to  lK*1ieve, 

Lplay  an  important  i>art  in  maintaining  the  circulation  in  cases  where  the 

fulmonary  artery  has  been  obliterated  by  disease.     The  ipnphntkji  of  the 
lUng^"*  arise  either  from  branched  cells  in  the  alveolar  septa,  one  of  the 
branches  opening  between  the  epithelial  cells  into  the  cavitY  of  the  alvtMiIt 
(peeudo-stomata  of  Klein);  or,  a^  Sikorski  maintains,  from  the  gtiblH-cclls 
of  Scliulze*     In  either  case  thoy  form  a  plexus  in  the  submucosft,  nud  thtiO 
run  with,  and  partially  or  wholly  invaginate  branches  of  the  pulmtmary 
artery  and  vein*     Cloetta  fouud  in  the  lung-tit^ne  inoftite,  uric  neid,  taurin, 
autl  leucin,  besides  the  onlinary  chemical  constituents  of  the  glaiidutar  tei- 
tui-es,  as  albuminous  compaunds,  collagen,  chondrin,  protagon,  elasiiu,  and 
aucin>     In  the  liptus,  the  tissue  of  the  lungs  contains  a  large  ouuiImt  of  refb 
frieh  in  glycogen,  which  escape  on  pressure  in  the  form  of  a  milk-whit**  fluid; 
l)ut  which  are  not  found  except  under  pathoiugical  conditions  in  the  aduli. 
280.  The  contractility  of  the  broncliial  tuben  (a*!cordiug  to  the  cxfjeri- 
neuta  of  Dr-  C.  J*  B*  Williams)*  may  be  excited  by  electrica!,  rbemsfnl^  or 
mechanical  stimuli,  applied  to  themselves.     It  i^  chletiy  man  tb^ 

smaller  bronchial  tubes,  those  of  les,^  than  a  line  in  diamvier  i  .^d 

aeen  to  ci>ntraet  grailually  under  the  stimulus  of  gakani^m,  utitil  tht*iraivitT 
was  nearly  obliterated  ;  m\  the  other  hand,  in  the  trachea  aiiil  the  larger 
I  l^roQchi,  the  (mrtilaginous  rings  prevent  any  decided  dlraiuiition  in  the  mhbps 
of  the  tubes,  and  the  muscular  structure  h  much  lesti  dUtincL  It  is  dyato* 
fill  whether  the  contractility  eau  be  called  into  play  by  irritation  irf  the 


<  Op.  dl.,  m%.  »  5r*?d.^Chir.  B»t,.  l»fi^,  |»,  2W, 

«  Bm  WywodsEoC  Wien,  M<*d-  J(iTirbucbt*r,  Bd.  x\,  p.  3;  Siljonki,  C<*ntriiibUWt 
f,  (I    Mi'*l.  Wif*.,  1870,  p   SI7;   Kluin,  Pn^ctini.  Roy.  S*jc  ,  Jun.  2mli,  1874, 
*  Kt'iKirt  of  Ibt"  Britbh  Airi^^inliMn  fur  1840,  p.  411. 


GENERAL   STRUCTURE   OF   THE   RESPIRATQRT    ORQANS.      867 

Pneumogastrics.^  It  is  remarked  by  Dr.  Williams,  that  the  contractility  of 
the  bronchial  muscles  is  soon  exhausted  by  direct  stimulation  ;  but  that  it 
may  in  some  degree  be  restored  by  rest,  even  when  the  lung  is  removed  from 
the  body.  When  the  stimulation  is  long  continued,  however,  as  by  intense 
irritation  of  the  mucous  membrane  during  life,  the  contractile  tissue  passes 
into  a  state  which  resembles  the  tonic  contraction  of  muscular  fibre.  The 
contractility  is  greatly  affected  by  the  mode  of  death,  and  is  remarkably 
diminished  by  the  action  of  vegetable  narcotics,  particularly  stramonium 
and  belladonna ;  whilst  it  seems  to  be  scarcely  at  all  affected  by  hydrocyanic 
acid. — These  facts  are  very  important,  as  throwing  light  upon  certain  dis- 
eased conditions.  It  has  long  been  suspected,  that  the  dyspnoea  of  Spasmodic 
Asthma  depends  upon  a  constricted  state  of  the  smaller  bronchial  tubes, 
excited  through  the  nervous  system,  frequently  by  a  stimulating  cause  at 
some  distance ;  and  there  can  be  now  little  doubt  that  such  is  the  case.  The 
peculiar  influence  of  stramonium  and  belladonna,  in  diminishing  the  con- 
tractility of  these  fibres,  harmonizes  remarkably  with  the  well-known  fact 
of  the  relief  frequently  afforded  by  them  in  this  distressing  malady.  It 
seems  not  improbable  that  the  contractility  of  the  bronchial  tubes  may  serve 
to  regulate  the  supply  of  air  to  the  lobules,  in  acconlance  with  the  wants  of 
the  system,  just  as  the  contractility  of  the  minute  arteries  regulates  the  sup- 
ply of  blood  to  the  organs  to  which  they  proceed;  and  it  may  possibly  be 
through  this  channel,  that  the  remarkable  variation  is  effected  in  the  amount 
of  respiration,  which  adapts  the  quantity  of  heat  produced  to  the  depression 
of  the  external  temperature  (§  2o2).  It  has  been  further  suggested  by  Dr. 
W.  T.  Grairdner,'  that  the  contractility  of  the  smaller  bronchi  may  serve  to 
expel  collections  of  mucus  which  have  accumulated  in  them,  and  which 
neither  ciliary  action  nor  the  ordinary  expiratory  efforts  suffice  to  displace. 
286.  The  elasticity  of  the  lungs,  which  in  many  animals,  as  the  horse,  is 
remarkably  increased  by  the  dense  layer  of  elastic  tissue  by  which  they  are 
invested,'  plays  an  important  part  in  the  respiratory  acts.  Donders  *  esti- 
mates the  expiratory  force  derived  from  the  elasticity  and  muscular  tension 
of  the  lungs,  and  coming  into  play  in  ordinary  respiration,  as  equal  to  a 
pressure  of  about  5  oz.  on  the  square  inch  ;  but  the  elastic  tension  is  rapidly 
mcreased  by  the  dilatation  of  the  lungs  with  air,  and  the  carefully  conducted 
experiments  of  Dr.  Hutchinson*  led  him  to  estimate  it  at  certainly  not  less 
than  i  lb.  upon  each  square  inch  of  surface,  when  the  lungs  have  been  filled 
by  the  deepest  possible  inspiration  ;  so  that  its  whole  amount  (reckoning  an 
average  surface  of  300  sq.  in.  for  the  male,  and  247  sq.  in.  for  the  female) 
will  be  not  less  than  150  lbs.  for  the  male,  and  123}  lbs.  for  the  female. 
This  force  is  exerted  in  aid  of  the  ej^piratory  movement,  and  is  dii-ectly 
antagonistic  to  the  trispiratory  ;  so  that  the  inspiratory  mui^cles  must  over- 
come it,  in  order  to  produce  complete  distension  of  the  pulmonary  cavities. 

*  Volkmann  (Wagner's  Ilandworterbueh,  Bd.  ii,  Art.  Ncrvonphysiolopio,  p.  586), 
Longot  (Anat.  et  Physiol,  du  SyslemoNervenx.  torn,  ii,  p.  289),  and  P.  licri  (Logons 
»ur  la  Physiologic  comparee  de  la  Kuspiration,  Paris,  1870,  p.  375)  affirm  that  it  can, 
vhiUt  Rosenthal  (Die  Athoniheweguni^on,  p.  232),  Kui^onberg  (Sludii'n  des  Phys. 
Institut  zu  Breslau,  18«3,  p.  47).  and  NVintrich  (Krankheit.  d.  R<'f»p.  Org.  in  Vlr- 
cbow's  Handbucli  der  Pathol  ,  1855-57)  maintain  that  if  a  manomclor  be  inserted 
into  the  trachea,  irritation  of  iho  peripheric  extremity  of  the  Vagus  never  produces 
my  increase  of  pressure,  which  would  certainly  occur  if  the  capacity  of  the  bronchi 
diminished. 

*  Edinburgh  Monthly  Journal,  May,  18'^!. 

*  See  G.  Gulliver's  Note  to  Willis's  translation  of  Wagner's  Physiology,  1844, 
p.  360. 

*  See  his  Esmivs  in  Henle  and  Pfeiiffer's  Zeitsch.,  Bd.  iii  and  iv. 

*  Cyclop,  of  Anatomy,  Art.  Thorax,  vol.  v,  p.  1058. 
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This  dtstensioti  h  entirely  aeconiplished  by  tbe  acttoD  of  the  mnacim  eIte^1 
nal  to  the  ihorax,  or  partly  formiug^  \tM  punete?. 

287.  The  nieehanism  of  the  respiratory  acts  may  he  reiidered  clearly  ii>- 1 

I  which  the  tniebea  and  lungs  ^5^ 
with  three  opeDiugs,     The  foiref 


telligible  hy  the  accompanying  diagram,  in 
6,  Fig.  161)  are  iiiclojsed  in  a  glsM  vessel  \ 


FHK  161. 


* 


Appartiliis  eofistTEieU!d  by  DotnAvtm  t&  ahvw  tk«  BfiKbaaUui  of  t^cxptimrftjo. 

Opening  (2)  ii  closed  by  a  bladder  or  piece  of  caoiitchouc,  repn^*eniing  tk 
diaphni^^m,  ami  capable  of  being  eilher  pushed  inlti  the  cavity  of  the  vcs*! 
or  of  being  drawn  down  by  a  weight     The  upper  o[jenitig  is  clo^rd  liy  a  rtjrk.  i 
through  which  a  glass?  tube  (4),  firmly  attached  to  ihe  tracht^a,  p«uwc*.    The  I 
lateral  opening  (7J  is  connected  with  a  manometer  i>,  r/ 1  by  a  tid»e  (h)^  having 
a  sniall  lateral  braoch  fa)  opening  t^^  the  air.     If  the  openings  (a  and  4)fei 
BOW  stopped  whibt  tbe  bladder  is  extended  by  the  weighl  (ti)^  ihe  raw^liidiofl 
of  the  air  In  the  glasa  vfeisel  will  be  made  apparent  by  the  rbe  of  Uir  lI»e^ 
cur)^  in  the  arm  (c)  of  the  manometer.     It  i^  obvious  that  the  prejyfttinjrf 
the  air  within  and  without  the  lungs  will  be  different,  and  eoiis^qucntlyrOfl 
opening  the  orifice  of  the  tube  (4)  air  will  rmh  through  it  and  the  traVha  ' 
to  equalise  the  pressure  as  fur  m  the  elasticity  of  the  lung  will  permit.   !?uA  ] 
with  the  exception  that  In  the  living  body  no  air  intervenes  between  tbel^u^ 
face  of  the  lung  and  the  walls  of  me  thorax,  and  therefore  no  rar^fivt^Iuij,  ' 
but  only  a  tendency  to  a  vacuum  occurs,  are  tbe  conditions  f  :  ih*  j 

ordinary  act  of  inspiration-    On  the  contrary,  with  the  e&me  i  th*  ' 

act  of  expiratioD  may  be  imitated  by  pushing  tbe  bladder  tut^t  |]i 
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fhr  thi>n  the  pressure  od  the  exterior  of  the  lungs  will  be  increased,  the  mer- 
cnry  in  the  arm  (c)  of  the  manoraeter  will  desceud,  and,  aided  by  their  own 
elajttieityf  the  lungs  wiU  contract  upou  and  drive  out  the  air  contained  with  la 
their  envitiet. 

288.  The  complete  dependence  of  the  expansion  of  the  Lungs  up^n  the 
€Jilflrf;:ement  of  the  cavity  of  the  che^t,  is  well  shown  by  the  effect  ot  admis- 
■IQU  of  air  into  the  pleural  cavity.  When  an  aperture  i^  made  on  either  side 
(as  by  removinsT  the  finger  from  the  orifice  of  the  tube  a  m  the  apparatus 
represented  in  Fig,  lfil)»  so  that  the  air  rusheii  in  at  each  Inspiratory  m*jve- 
nieut,  the  expjinsinn  of  the  lnn|?  on  that  side  h  dinjininhed,  or  cntin^ly  pre- 
vonfcd,  10  propnrtton  to  the  sixe  of  the  aperture.  If  air  <mn  enter  through 
it  more  n-nrlily  thnn  throuj^h  the  trachea,  an  entire  collapse  of  the  long  tak^ 
phice ;  and  hy  makinsr  ?ur4i  an  aperture  on  each  side,  eomplete  asphyxia  is 
pDxluccd.  But  if  it  be  too  small  to  admit  the  verj^  ready  parage  of  air, 
th*'  vnmtini  produced  by  the  itispiratory  nKivement  is  more  easily  tilled  by 
t]  -ion  of  the  lung??,  than  by  the  rush  of  air  into  the  pleural  cavity  ; 

»i  - 11  ffi  ci  e  n  t  a  m  o  u  n  t  o  f  ch  a  n  ge  t a  k  es  pi  ace  fo  r  t he  m  a  i  n  ten  a  n  cc  o  f  1  i  fe. 

This  is  frequently  observed  in  the  case  of  penetrating  wounds  of  the  thorax, 
in  the  eurgical  treatment  of  which  it  is  of  great  importance  to  close  the  aper- 
ture a**  completely  as  possible;  when  this  has  been  accomplished  the  air  that 
had  fuiind  m  way  into  the  cavity  is  soon  absorbed,  and  the  lung  resumes  it^ 
full  play.  Where  one  lung  is  obstructed  by  tubercular  deposit,  or  is  prevented 
in  any  other  way  frtjm  rightly  discharging  it^  function,  an  opening  that  freely 
Admits  air  into  the  pleural  cavity  of  the  other  side  is  necessarily  attended 
with  an  immediatcdy  fatal  resnU ;  and  in  this  manner  it  not  uii frequently 
happi-ns  thiit  chronic  pulmonary  diseases  suddenly  terminate  in  ^4-^phyxia,  a 
communication  being  opened  by  ulceration  between  a  bronchial  tube  and  the 
cavity  of  the  thorax. 

289*  Of  the  Respirator Ji  3foveni€nU. — ^Every  complete  act  of  respiration 
may  be  divided  into— 1,  Inspiration;  2,  Expiration.^  M*  Ma  rev'  has  con- 
stnicled  an  instrument  by  which  the  movements  of  respiration  cau  be  regis- 
terecl^mod  to  which  he  has  applied  the  term  pneumograph  or  atmograph  ;  it 
consist*  of  a  spiral  spring  inclosed  in  a  thin  caoutchouc  cylinder^  the  ex- 
treniittej  of  which  are  connected  by  a  band  passing  round  the  body.  A 
lateral  tube  places  the  interior  of  the  cylinder  in  communication  with  the  reg- 
istering apparatus,  and  the  following  cut  (p.  370)  shows  a  tracing  taken  from 
a  healthy  subject.  In  ordinary  tranquil  breathing  (especially  in  children)^ 
the  action  of  the  diaphragm  is  alone  nearly  sufficient  to  produce  the  neces- 
sary exchange  of  air,  and  this  muscle  is  consequently  the  chief  inspiratory 
agent ;  but  when  a  full  inspiration  is  required,  the  cavity  of  the  chest  u 
dilated  laterally  and  antero-posteriorly,  m  well  m  inferiorly,"  The  enlarge- 
ment of  the  chest  in  both  these  dlrectiotis  is  effected  by  the  elevation  of  the 


'  Thi'  pna&e  wlikh  wm  adtnittt^d  hy  Vierordt  And  olhi^rs  to  nceur  between  Elpira- 
%mn  wnd  InsfiirHlioo,  hws  bet>n  shown  by  Riesjol  (Wurzburi^.  Med,  Ocsell,  Bd,  vii, 
1^67,  ji.  Ji2ij,  with  n  Pt^lf-ro^^istering  RppHndufi,  m>i  to  b<5  present  at  lea^t  wben  the 
body  I*  in  »  horizon ttd  p'isition.  Sibson,  \*ii?rordt,  and  others  bdi^ve  thuy  have 
priived  tliiit  the  dumtton  at  th©  Inspimtjon  h  to  that  or  expirnLton  m  10:  14'in  tils 
child,  fi'nmic*  «nd  old  pnr?onj  und  as  U)  t  la  iri  th«  adult  male;  but  these  slate  menli 
bwrfily  uccord  with  th^  trucin^  ahown  on  the  next  paga.  Sets  Sibaon  iu  Med.-Chir. 
TrJ*n*iiel,>  vol.  x%xi^  mxfi  Mediral  Aimtoiny. 

*  RevuR  dcs  Cours  Scumt,^  18G7,  p.  726. 

*  B^rt  (L**9onfl»  p*  362)  biw  clearly  shown  by  tracinp  with  bis  Tambour  pour  re- 
eiJt'iUir  1^4  MouT^emcnia  du  Tborax.'or  Pireumograph,  that  in  the  dog  the  diMpbragm 
in  eontnicling  causei  th«  6th  and  lowc^r  nbf  to  ri«trT  »nd  thus  to  incVeit^o  the  tranjs* 
verify  dlamcler  o(  the  cb€it;  whilat,  an  the  contrary,  the  5th  and  upper  ribs  tend  to 
dc^^nd  and  diminish  the  transverse  diameter 
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ribs;  for  wliibt,  m  tbe  uDdilated  state  of  the  tbomx*  the  ribs  form  an  anple 
with  their  cartilages,  which  beeoriu**"  les?i  mu\  l^ss  obtuse  as  we  pai»  fri>m  tbe 
fir^l  rib  d<jwuward^,  tbe  elevation  of  the  ribs  tends  to  bring  tbem  and  their 
cartibges  f«ore  iiearly  iuto  a  line,  and  thu&  wejiumte*  them  more  widely  fmni 
the  mediau  plane,  and  at  the  same  time  eaui^s  them  to  push  forward  tii«  I 


Fw,  H2. 


Tficlnst  of  the  re*p[nitorjr  mofemonl*  In  a  ln'flUby  msiu,  tuktm  hf  U.  U^iTtj'i.  Pu^nmt^nnpk*  fb* 
down^Lrolcu  u^prt^AenU  tbi3  net  of  iii»|*trationp  tlu'^  KifHSfnAr  tliat  <tf  ciplrtlioii.  Tbe  uttduU&iuM  tt 
tli<  mp^x  ni  tbr  trurvi!,  wbit^b  r^prnetit?  Ibi?  |>«rJud  of  |wtw  of  Lai»g¥(,  mrv  due  to  tbe  ewdUt  bm 

ffternum.    Owing  to  the  g:reater  length  of  the  lower  true  nhn^  and 
greater  abliquity  of  their  junction  with  their  t'artilagesi,  both  tbrt*e  ch« 
are  mare  considerable  in  the  lower  part  of  tbe  tboraic  than  in  tb*?  tipper T 
and  thi8  i^  especially  the  vsa^  in  adult  men,  who*e  respiraUon  haj*  b*NJii  A>i- 
ignated  as  **  inferior  costal/'  whi|j«t  in  females  the  mobility  of  lh<^  Hr^  rihj 
and  of  the  whole  of  the  upper  part  of  the  thorax  ta  greater,  90  that  thcrrj 
re&piralion  may  be  designated  m  "^superior  cnptah'**— The  thorsicic  mu!»clft| 
whose  eon  traction  partieipaiei*,  with  tbe  diaphragm,  in  tbe  ordirniry  move 
ments  of  InspiratioUj  are,  aeeordiog  to  Dr,  Hutchinson/  the  exirruat  mt 


«  Op.  cit.,  p.  10f5&     S«w  Hl*i>  Clphnd,  Jourrml  of  Aont.  and  Phy*io?.,  vtil   t,  IWTtJ 
p,  209.     There  h  probnbly  no  point  in  the  whole  rnngo  of  phy»[o1(*^y  r^^pecting  wfmkj 
mieh  different  npinicms  h'ftvo  been  enti^rtiiined  by  K*H>d  olis^rvers  an  upon  lb**  m 
of  ib«  intt'rcoslnl  muFcle*»  and  it  may  be  in*lrui-tivi:  tii  (»iv»?  the  rnlbrwinji  ♦*tnin 
iioti  of  thf'm.  drawn  frt>m   Beiiu  »n^   Mnssint  (Archiv.  G^n.  de  MM..  18121.! 
{Fhysinloi^jr*^  1873,  p.  343),  Budge  (Cunip<f«i)!iuim  dt>  Physitd.  llumiun,  l**74,  p.  Wi, 
Aiid  C<din  (TpHil^  do  Pbysiologie  Cnmptir£*t>^  i8?3»  p,  251*01  9.^\,);  1.    Bn-tti  tb*»  #»«irr* 
Dftl  utid  int<^rniil  iiilerc^s^tHls  nrp  iii,yiirtitof^  fnu^clfs  I  Borelii,Sumit\  Bf>crli«ni?i%  Win*- 
low,    HwUer,  Cuvier,  Colin,  'Wundi,   Duibr^nnc,   Duval).     Dudiirntin  *mjij*<>rU  tii»  ' 
opi frill n  by  rrfu pence  to  n  case  in  wbudi  aU  Ibi*   res^piratory  mui^cli'*  w^er**  pwrnlyjwid  [ 
except  the  inicrcostuls,  und  vet  in  which  rc^plmtioft  wn^  ftinhitnint^d  ;  Duvil  ft»»u  ^ 
hh  upon  exprriroent^  made  on  docapHatt'd  L-hrumftb  shi^nlv  after  dvnth,     2.  Both 
^et^  of  niu»ck»  are  erpirfttori/  {V»^*fllius*  Dierrn'rl»rdck,  Sahiaicr,  Bend  und  MuMiil* 
Longet).     This  view  reals  on  the  fact  that  in  vivbectton-*  the  must'le*  m»iy  be  *<*« 
to  contract  in  furced  i^x  pi  ration,  as  in  L-ou^hin^  ur  cr^fi  114*  out.     MnreoviT,  I  ho  int**r- 

cn^Uls  are  ppcsirnt  tn  Bird?t  Hi  which  ihft  act  of  t^ipipnliim  ahm"  h  d^v  *'^  •  "itif 

effort.     3.  The  e^j^Uimtil  n\U-T('i*htnh  ara  fj^umfory^  tbci  inttrnai,  rttti*  fe* 

]  (Oalcnj  BarthoUnui).     I    Tb*T  external  inlercoslaU  wpo  inspirtiktrtf  W, 

kfjsyjirfito?^  muedes  iSpi|;eliuB,  V<!flling^  Haiiiber|fpr,  imdj  with   fom<*  iiifHiiJJcBtwo* 

r&iUson^  UerrmannT  nnd  Otelntid).     Accordnig  to  Siiison  U^e  citenial  intoreottJii*  «J» 

in^pirjitiiry^  exc«pi  at  their  anti^rior  imrt,  in  ibe  livti  inferior  inlf^ren-Lal  Apiic»;  th« 

inii'rnal  intercostids  iirc  inspiratory  in  Ihe  anteriop  pnr t  of  th«*  tlve  !if»i  *p»i-r«,  Iwt 

h«V^  eWwhere  nn  expiratory  action,      Herrmann  obBervcf  that  the  e\:         '        -  '"' 

ftre  m*/#tra/ory  where  they  are  attached  to  tli**  OfeSGima  j*oPtions  of  tK 

tepn^T  where  nitachcd  lo  iIil*  oAPtlhiglnous  portions;  but  as  this  corr^s  '' 

ehief  action  of  ihe  two  sets  of  fibres  both  nuiy  bo  regardM  Ki  in«pirht    '  !^^ 

Oleland  (Lt-tter  l^j  Editor)  rernarka  Biniiiarir  UiMl  the  extnrnai  and  anirr  1  <f  !;i.t<^  '( 

tho  iBternal  ihtercojstali  are  tno^l  advanla^eoUiiiy  dispt^sed  for  4?k*vatin:j  ihr  nl»*,  i«i^ 

that  the  remaining  intercottals  are  mo*t  mdvunt»gpou*ly  pluced  for  deprestain;  tit* 

?ib«;  but  thftl  aJI  ihe  iniercostaU  are  c«pabbof  givitig  tom^  aaiiietanco  in  tnti»ir»* 
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costal?,  with  those  portions  of  the  internal  intercostals  which  pass  between 
the  cartilages,  the  levatores  costanim,  and  a  portion  of  the  triangularis  sterni, 
all  of  which  have  the  same  action,  that  of  elevating  the  ribs.  On  the  other 
hand,  the  thoracic  Expiratory  muscles  are  the  proper  costal  portion  of  the 
internal  intercostals,  with  the  infracostals,  and  a  part  of  the  triangularis 
Btcmi.  The  expiratory  movement  will  be  assisted  also  by  the  abdominal 
muscles,  which  antagonize  the  diaphragm  by  pressing  back  the  abdominal 
viscera,  and  thus  causing  its  ascent  so  soon  as  it  has  become  relaxed.  There 
are  many  accesBory  muscles,  however,  which  take  a  share  in  violent  respira- 
tory movements,  both  inspiratory  and  expiratory.  Thus  all  the  muscles 
which  elevate  the  scapula,  may  act  through  it  upon  the  ribs — the  sterno- 
mastoid  raises  the  clavicle,  and  the  scaleui  act  directly  upon  the  first  rib ; 
whilst  all  those  which  erect  the  spine  fix  more  perfectly  the  origins  of  these 
and  other  muscles  which  are  to  act  upon  the  thorax. '  So,  again,  the  expi- 
ratory movement  is  aided  by  the  longissimus  dorsi,sacro-lumbali8,and  other 
muscles  which  tend  to  depress  the  ribs.  In  difficult  respiration,  almost  every 
muscle  in  the  body  is  made  in  some  way  subservient  to  the  distension  of  the 
chest ;  thus,  a  patient  suffering  under  urgent  dyspnoea  instinctively  lays  hold 
of  some  fixed  object,  so  as  to  prevent  his  upper  extremities  from  moving ; 
and  thus  his  scapula  becomes  a  fixed  point,  from  which  the  pectorales  (major 
and  minor)  and  serratus  magnus  can  aid  in  elevating  the  ribs.  The  move- 
ments of  the  heart  have  a  slight  influence  on  the  lungs,  the  systole  aiding 
inspiration,  the  diastole  expiration.^ 

290.  The  extent  of  movement  of  the  several  parts  of  the  chest  during  the 
respiratory  acts  maybe  registered  by  an  instrument  suggested  byDr.Burdon- 
Sanderson,'  and  named  by  him  the  "  recording  stethometer."  From  ex- 
periments made  with  this  instrument,  he  finds  that  in  the  ordinary  respiration 
of  a  healthy  muscular  young  man  aged  twenty-two,  the  upper  antero-posterior 
diameter,  which  was  equal  to  146  mm.,  varied  one  millimetre;  the  lower 
sternal  diameter,  which  equalled  203  millimetres,  varied  15  to  1.8  mm. ;  and 
the  transverse  costal  diameter  at  the  level  of  the  eighth  rib,  which  equalled 
228  mm.,  varied  1.7  to  2.0  mm.  In  forced  respiration  the  variations  of  the 
antero-posterior  diameters  of  the  upper  part  of  the  chest  were  much  more 
extensive,  the  ends  of  the  upper  ribs  moving  horizontally  forward — i.e.,  in 
a  plane  parallel  to  the  middle  plane  of  the  body,  from  12-30  millimetres: 
the  advance  of  the  third  rib  being  greater  by  several  milliraetres  than  that 
of  the  fifth,  and  this  Dr.  Ransome  attributes  to  an  actual  bending  of  the 
ribs.*  The  extent  of  the  respiratory  movements  is  affected  by  various  mor- 
bid conditions.  Thus,  when  dislocation  of  the  spine  takes  phicc  above  the 
origin  of  the  intercostal  nerves,  but  below  that  of  the  phrenic,  so  that  the 


tion,  as  als*>  in  forced  expiration,  whilst  ordinary  expiration  is  accomplished  alto- 
p**ihHr  by  clH»licity,  and  not  by  muscular  effort  at  all.  Aeby  (Lchrbuch,  1871,  p. 
879|  hold's  that  both  sets  of  muscles  approximate  the  adjoining;  ribs,  but  whether  this 
occasions  an  elevation  or  depression  of  the  whole  series  is  dependent  on  the  coinci- 
dent actirm  of  other  muscles.  5.  Mayo  and  ^[agendio  regarded  both  sets  of  muscles 
IS  at  once  expiratory  and  inspiratory  in  their  action.  Lastly,  Van  Helmont,  Aran- 
tius,  CruTcilhicr,  Ktiss,  and  Jobelin  considered  that  both  sets  of  muscles  are  passive 
in  the  movements  of  respiration,  and  simply  form  an  immovable  wall  to  the  chest, 
or  rather  they  contract,  not  to  produce  the  movements  of  inspiration  or  expiration, 
but  to  Te^lat  at  both  periods  the  pressure  either  of  the  external  or  of  the  internal  air. 

•  S^  Voit  and  Lossen,  Zeitschrift  fiir  Biologic,  Bd.  i;  Ceradini,  Verhand.  des 
natur.-hist.-med.  Vereins  zu  Heidelberg,  18G0.  Also  Landois,  who,  however,  holds 
a  different  opinion  (Berlin  Klin.  Wochens.,  1870). 

•  Handbook  for  the  Physiological  Laboratory,  p.  291. 

•  See  Arthur  Ransome,  On  the  Mechanical  Conditions  of  the  Respiratory  Move- 
ments in  Man,  Proceed.  Roy.  Soo.,  Nov.  1st,  1872. 
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former  are  pamlyzed,  the  resipiratory  movement  h  eonfitied  to  the^Impliniirm: 
this  is  insuflicientp  and  with  the  coincident  paralysis  of  the  %*ii^-fTiirt^r 
nervea  leads  to  the  effusion  of  sernm  into  the  lungs,  and  slow  a?[ThTim, 
which  Uj?ually  proves  fatal  in  a  few  dam  Even  where  the  miijck'^  uw\ 
nerves  are  all  capable  of  action,  the  full  performance  of  the  itijipinitnrj 
movcmeuti?  is  prevented  by  the  solidification  or  eDgor^eraent  of  »i>y  pnrt  «j( 
the  lang  which  interferes  with  its  free  distendon ;  or  by  adhes^iotis  Ijetweco 
the  pleural  surface^^  which  offer  a  still  more  direct  imficdlmcnt.  WWc 
the^e  adhesions  are  of  long  standings  they  are  commonly  8trct<*hcd  iutfi 
bauds,  by  the  continual  tension  to  which  they  are  subjected.  If  the  in*pl' 
ing  cau^e  affect  both  side^?,  the  movements  of  both  will  be  alike  iutcrteml 
with;  but  if  one  side  only  he  affected,  its  movements  wilt  be  dimini»W, 
whilst  those  of  the  other  remain  natural ;  and  the  phy&ician  hi?nte  fK* 
quently  derives  an  indication  of  great  value,  in  regard  to  the  degree  in 
which  the  lung  \mi^  become  incapable  of  performing  its  fu actions,  h\^U 
be  rememberetl,  however,  that  the  action  both  of  the  diaphragm  and  of  tk 
elevators  of  the  ribs  may  he  prevented,  by  pain  either  in  the  muj^cles  theto- 
ieWes  or  in  the  parts  which  they  move;  thus  the  descent  of  the  dlaphmc^i 
18  checked  by  inflammation  of  the  abdominal  viscera  or  of  ihe  peritoDcuoi; 
and  the  play  of  the  intercostal  by  rheumatism,  pleuritis,  pericarditifi,  or 
other  painful  flisorders  of  the  part«  forming  the  pariete^  of  tne  thorax*  lu 
man  the  nets  of  req>i ration  are  projierly  eflVcted  through  tbe  nii?ttrilN,  whicli 
are  lined  by  a  highly  va^^euhir  membrane,  kept  constantly  mokt  by  nymcf- 
ous  glands,  and  by  the  lachrymal  secretion,  whilst  tu  surface  k  greatly  ei- 
tended  by  the  sinuosities  of  the  turbinal  bones.  The  inspired  air  is  thm 
rendered  moist  and  warm  before  reaching  the  sensitive  larynx  atid  \unp, 
and  the  coughs  and  colds  so  prevalent  in  this  country  in  the  winter  ami 
spring  months  might  often  bq  avoided  if  care  were  taken^  especially  on  mi* 
aen  exposure  to  cold  air,  to  breathe  through  the  nostrils  instead  of  the  moutk 
The  passage  of  air  into  and  from  the  lungs  h  accompanied  by  a  |iei:uliftr 
soft  blowing  Bound,  termed  the  re^nrahr^f  murmur  or  bruU,  Tht?  act  of  ia^ 
spiration  being  more  rapid  and  energetic  than  that  of  expiration,  is  attended 
by  a  louder  sounds  which  is  most  distinctly  audible  in  young  children  au«i 
in  thin  persons.  It  probably  arises  either,  as  Dr.  Salter*  suggi*sti?,  from  tb(3 
current  of  air  strikiug  against  the  angles  of  division  of  the  bronchia,  or,  Bi 
indicated  by  Dr.  Waters,^  from  a  alight  constriction  that  exi.*ts  at  the  juoulh 
of  each  air-sac.  Other  Liiuses  that  have  been  assigned  to  it  artt  tht*  jiepurs* 
tion  of  the  raoii-^t  septa  of  the  alveoli,  the  general  friction  of  the  air  ajfain?t 
the  walls  of  the  bronchial  tube,  and  the  reverberation  of  the  gh*tlidt!«ii 
bruit  (Sabatier;  Cornil,  18T'i),  The  expiratory  murmur  ia  exclusively  du« 
to  the  friction  of  the  air  against  the  glottis  (Chauveau)/ 

291.  The  relative  amount  of  muscular  force  which  is  required  for  thf 
two  respiratory  movements  respectively  is  affected  in  a  very  rcmiirkable 
manner  by  the  elasticity  of  the  walls  of  the  thoracic  cavity  and  of  ibu  luiip« 
themselves  ;  for  this  (like  the  elmitieity  of  the  lungs)  supplies  a  fomc  wbirti 
greatly  aids  the  &rpiratory  movement,  whilst  it  offers  a  correspond itig  t<pp 
sition'to  the  mspiratory.  Here,  also,  the  degree  of  force  exerted  irierea?*^ 
very  rapidly  with  the 'degree  of  distension.  Thus  in  a  body  experimtinted 
on  by  l)n  Hutchinson,*  the  following  were  the  relations  between  thcarautiiit , 
of  air  forced  in,  the  resisting  elasticity,  as  shown  by  the  height  of  inereoij 
supported  J  the  actual  pressure  upon  each  square  inch  of  surface  which  tbii  | 

1  Pamphlet  vn  CHuae  of  Eswpiratorj  Murmur,  1664. 

»  See  Budge,  Compendium  d©  In  Phyfliijlogie^  1874*  p*  O0» 
♦  Up.  eit,  p*  1056, 
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indicated,  and  the  total  pressure  over  the  surface  of  the  chest,  reckoning  its 
area  at  206  square  inches: 

Cubic  inches.  Pressure  in  height       Pressure  Total 

of  Mercury.  per  sq.  in.  pressure. 

Air  forced  in  70,  Resisting  elasticity,  1.00  inch.  7  8  oz.  104.4  lbs. 

»»  90,          "                "  1.60    "  11.7   "  150  6   " 

"  180,          "                "  8.25    "  25.8  "  826.8   ** 

•»  200,           "                 "  4  50     "  85.1  »*  451.9   " 

To  this  451.9  Ihs.  must  be  added  at  least  128  lbs.  for  the  elastic  force  of  the 
lungs  themselves  at  that  degree  of  distensiou,  making  altogether  580  lbs. ; 
and  as  the  subject  of  this  observation  could  expire  during  life  considerably 
more  air  than  the  highest  amount  forced  into  his  chest  after  death,  there 
can  be  little  doubt  (judging  from  the  rapid,  ratio  in  which  the  elastic  force 
increases  when  the  distension  is  approaching  its  limits)  that  the  muscular 
power  required  to  overcome  this,  towards  the  close  of  a  very  deep  inspira- 
tion, could  not  have  been  less  than  1000  lbs.  The  co-operation  of  the  elas- 
tic resistance  with  the  expiratory  movement,  and  its  antagonism  to  the  in- 
spiratory, is  doubtless  the  principal  cause  why  the  power  of  the  expiratory 
muscles,  as  tested  by  the  height  of  the  column  of  mercury  supported  by  the 
air,  should  always  be  greater  than  that  of  the  inspiratory  muscles  ;*  and  why 
the  expiratory  power  i^ould  be  very  much  greater  when  the  chest  has  been 
well  filled  with  air,  than  when  it  is  comparatively  empty.  The  following  is 
given  by  Dr.  Hutchinson  as  the  range  through  which  these  powers  may  vary 
within  the  limits  of  health  : 

Power  of  Power  of 

Inspintory  Muscles.  Expiratory  Muscles. 

1.6  inch,  Weak, 2  0  inches. 

2  0    «•  Ordinary, 2  5     •* 

4.6    "  Remarkable,  .         .       5.8     " 

7.0    •»  Very  extraordinary,     .         .         .  10.0    " 

The  expiratory  power  may  be  augmented  by  the  habitual  performance  of 
movements  in  which  they  participate ;  and  thus  the  inspiratorv  power  is  the 
preferable  test  of  the  vis  tntce.  This  has  been  found  by  Dr.  Jiutchinson  to 
bear  some  relation  to  height,  being  greatest  (on  an  average  of  a  considerable 
number  of  cases)  when  the  stature  is  5  fi^et  7  or  8  inches ;  and  diminishing 
above  that  height,  as  well  as  below  it.  Fick  estimates  that  the  work  ac- 
complished in  effecting  the  inspiration  of  600  c.c.  is  equivalent  to  0.G3  kilo- 
grammetre,  and  Prof.  Haughton  estimates  the  daily  work  of  the  respimtory 
muscles  at  21  foot-tons.'' 

292.  It  is  impossible  to  form  a  correct  estimate,  by  observations  on  one*s- 
self,  of  the  usual  number  and  extent  of  the  respiratory  movements ;  since 
the  direction  of  the  attention  to  them  is  certain  to  increase  their  frecjuency 
and  amount.  In  general  it  may  be  stated,  that  from  16  to  20  alternations 
Qsually  occur  in  a  minute  f  of  these,  the  ordinary  inspirations  involve  but 
little  movement  of  the  thorax  ;  but  a  greater  exertion  is  made  at  about  every 
fifth  recurrence.     According  to  Quetelet,  the  infant  breathes 

At  birth, 44  timos  per  minute. 

•*    Syearsofn^o, 26         '*  '* 

"  15     "      to  20, 20         "  ** 

**  20      •*      ♦*  25, 18.7      "  '♦ 

••  26     *•      "  30, 16  "  " 

**  30     "      '»  50, 18.1       **  '* 

•  Se«»  Dr.  Hutchinson,  op.  cit.,  p.  1C61. 

'  Lecture  delivered  at  the  Meeting  of  Brit.  Med.  Assoc,  at  Oxford,  August,  1868. 

•  See  Dr.  Hulchinson^s  Table,  in  Cyclop,  of  Anat.  and  Phys.,  vol.  iv,  p.  1085. 
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The  avemge  numerical  proportion  of  tbe  respiratory  fnovemeot^  to  t1i<?  pal* 
aattons  of  tbe  heart,  ik  about  1  :  5,  1  :  4},  or  1  :  4;  md  when  tbi^  pTupor^ 
u  widely  departed  from,  there  la  reason  to  fiu^|>ect  some  obstruclioti  to  lb 
Eeratiou  of  the  bh>c>d,  or  iotne  disorder  of  the  nervous  system/     Tba«  in 
Ptieumouia,  in  which  a  greater  or  le?s  amount  of  the  lung  h  uofit  f^>r  lu 
oltice,  the  number  of  re^^pirationg  increases  in  a  more  rapid  proportion  thui 
the  acceleration  of  the  pulse ;  so  that  the  ratio  Ijecomes  as  1  txi  3,  or  even  1 
to  2,  in  aecordaoce  with  the  degree  of  engorgement/    In  Hyi*terieal  patientis 
however,  a  similar  increase,  or  even  a  greater  one,  may  take  place  mthmt 
any  serious  cause;  thus  Dr.  Elliotson^  mentions  a  case  in  which  the  respini' 
tory  movements  of  a  young  female,  through  a  nervous  aBection«  were  9iS*ir 
even  100,  whilst  the  pulse  was  104.     Ou  the  other  hand,  the  resniraUtMi  in 
certain  typhoid  conditions  and  in  narcotic  poisoning  becomes  nbnonuiLllj 
slow,  owing  to  the  torpid  condition  of  the  nervous  centres,  the  pniporlioii 
being  1  lo  6,  or  even  1  to  8 ;  and  in  such  cases  the  lungs  not  unfret|ueQtlT 
become  cedematous,  from  a  cause  hereafter  to  be  mentioned  (|  303  >.    M. 
Marey*  believes  it  may  be  shown  that  the  frequency  of  the  respiniU>rY  acte 
are*  as  in  the  analogous  case  of  the  heart,  almost  alwayi^  dimini^he^l  wliilit 
they  are  at  the  same  time  rendered  deeper  by  the  existence  of  auy  oliat»cle 
to  their  due  performance;  so  that  there  is  an  evident  attempt  mad^  to  eifkl 
within  certain  limits,  the  introduction  of  the  same  quantity  of  nir  iato  tite 
Uin^  in  a  given  time ;  and  in  an  ingenious  instnimeut  he  has  devi^d,  wher^ 
by  the  reverssal  of  a  valve^  difficulty  of  breathing  may  be  inducer!  either 
during  inspiration  or  expiration,  he  has  observed  that  that  act  is  pfoh>ngt4 
ill  which  the  dyspnoea  is  made  to  occur* 

293.  We  have  now  to  inquire  into  the  mode  in  which  the  Muscular  mov^ 
menta  of  respimtion  are  kept  up  by  nervous  power, — ^Tber©  can  he  no  doubl 
that  these  movements,  though  partly  under  the  control  of  the  Will,  anl 
essentially  *' automatic**  in  their  nature.  Their  chief  centres  eoo^i*:t  of  two 
ganglia  placed  on  either  side  of  the  point  of  the  Calamus  Scriptonii^  mi 
connectetl  by  a  gray  commissure  ;*  corresponding  therefore  to  the  origin"  d 
the  Pneumogastric  l^erves,  which  are  the  principal  excitor  nervr^  that  (mh- 
vey  the  stimulus  on  which  the  movements  are  dependent,  whilst  from  the 
adjacent  parts  of  the  Medulla  Oblongata  and  Spinalis  proceed  the  dnt/ 
motor  nerves  by  which  they  are  carried  into  eflecL  And  thus  it  happen 
that  the  whole  of  the  Eneephalou  may  be  removed  from  above,  and  the 
spinal  cord  (as  far  up  as  the  origin  of  trie  phrenic  nerve)  from  beiow,  mttk^ 
out  suspending  the  most  essential  of  the  respiratory  movements  ;  thf  fi**- 
structioo  of  these  centres,  however,  cau^e^  their  immediate  cessation,  nml  w 
the  arrest  of  respiration  is  incompatible  with  life,  they  were  naintHi  hy 
Fiourens  the  "noeud  vital/^  The  Respiratory  Centres,  as  Ducbenne*  hjy 
pointed  out,  are  in  Immeiliate  contiguity  to  the  hypogloa^l  nucleus  govem- 

>  Y.  Ghert  has  ihown  that,  during  violent  exertion,  the  respirnliona  iiirr»fts»  ia 
frequency  mnre  thftn  the  piiUations ;  but  that  in  I  be  subiequ^nt  period  of  rwtt  iht 
fnt-reufed  iiclivity  uf  the  cardine  movements  Is  more  pem.^tent  ihioi  tbAl  uf  th*  r»|>i* 
rntory.  For  n  ]hi  of  the  number  ot  Hp^^pi rations  per  minute  in  ji  gn!?jit  number  of 
different  animnle  ae<»  P.  Bert,  Le^ona,  p.  393  et  acq. 

*  4k*e  n  Fmpcr  by  Dr.  Hiwkttrt  nn  ab^trtici  of  which  will  b«  found  in  the  Britiih  nnd 
Foreign  Medicul  Review,  Vt>L  iv,  p.  2ti3. 

*  Phyait*logT,  p,  215,  note 

*  Memoire^'de  la  Soc.  4ts  Biologic,  1365,  p.  ITS.  Bert  (Lf^ni,  p.  4t0l  tlto^ 
that  mjiny  ^UtcTnent^t  though  Nceuratc  whi'n  the  obHuele  lo  re^piriiticiu  is  tlkH 
muBt  be  Bccepted  with  Fome  refer vatWn  when  tbe  ob^taete  is  greiii,  the  Jimptitu<fa 
then  decidedly  diminishing, 

*  S«e  Longet  (Phyfiiolugie,  ISOI^  voL  ii^  p.  896),  Flotir<»na  {CocQpi^ft  Kr»ndus,  IWftl, 
p.  -187,  wnd  185B),  Bmwn-S*qunrd  (Journal  de  la  Phyiitilofiet  vqL  i,  1&58,  ji,  232), 
Bi^hitr  (Phyeiologic,  1859,  p.  323). 

*  De  1  £l«ctri«iitiaD  Locakii4e,  1872,  p,  664 
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leg  the  movemeDts  of  the  tongue;  to  the  inferior  imdeu*  of  the  facial,  regu- 
lating the  moveiiieutg  of  the  lips  j  and  to  the  nucleus  from  which  the  cardiac 
bimoobeB  of  the  spiual  accessory  and  pneumogawtric  nerve**  arise,  lu  the 
dlieiisi  known  m  glosso-labio-larvngeal  paralysis?  these  centres  are  affected 
succ^salvely,  the  tongue  being  first  aifecieid  ;  iheii  the  muscles  of  the  jpakte; 
then  the  orbicularis  oris,  whilst  the  fatal  terminauon  of  the  disease  U  prep 
i^fed&i  br  attacks  of  suffocation. 

2^4,  The  respiratory  cenrreis  are  capable  of  being  excited  to  action  in  two 
wayg;  directly,  by  changes  in  the  quality  of  the  blood  travelling  their  cap- 
lUafies;  and  reflectorially,  by  excitation  of  the  sentient  extremities  of  the 
vagi  and  many  other  nerves.  The  condition  of  the  blood  by  which  they  are 
directly  excited,  consisti?  in  the  diminution  of  Oxygen  and  the  accumulation 
in  it  of  Carbonic  acid,  or  pose^ibly  of  other  products  of  the  dimntegration  of 
the  tiBc^na*,  Na^e  maiuttiins*  that  it  is  not  the  diminution  of  oxygen  which 
constitutes  the  etinmlus,  but  that  such  diminution  causes  the  Central  ganglia 
to  res|>ond  more  readily  to  the  ordinary  and  ufortmri  to  any  extraordinary 
quantity  of  Carbonic  acid  iu  the  blood  ;  ou  the  contrary,  their  irritability  is 
lowered  when  the  proportion  of  oxygen  in  the  blood  circulating  through 
tbeni  is  increased.  In  proportion  as  these  alterations  in  the  relatious  of  the 
gases  become  more  pronounced,  the  "besoin  de  respirer"  is  rendered  more 
iDlensef  and  the  respiratory  movements  become  more  and  more  energetic  till 
Xhftpnwa  m  established,  which  gradually  pa^^ses  into  Asphtfxia,  in  which  the 
cent  res  are  paralyzed.  If,  on  the  other  hand,  the  pro^)ortion  of  oxygen  in 
the  blood  is  rendered  high  either  by  the  active  performance  of  artiticlal 
respiration,  or  by  the  inhalation  of  oxygen ^*  whlUt  at  the  same  time,  no 
obstacle  is  presented  to  the  elimination  of  carbonic  acid  gas,  the  activity  of 
the  ganglia  is  l^sened,  the  respiratory  movements  become  reduced  in  num- 
ber and  extent,  and  the  animal  paMes  into  the  state  of  Apnma?  Between 
ibe^  two  states  is  that  which  exists  in  the  normal  aeration  of  the  bloody 
and  results  in  ordinary  breathing,  or  Eupmm.  Dyspm:ea  from  deficiency 
of  oxygen  can  be  produced  by  the  inhahuiou  of  Nitrogen  or  Hydrogen  ;  iu 
Mich  cases  Prtiiger  has  ^hown,  the  oxygen  is  greatly  diminiebed,  whilst  the 
carbonic  atud  is  not  matenally  increased,  or  may  be  even  dimini^^hcd/ 
Dyiipna^a  from  excess  of  car htmic  acid  can  be  iuducefl  by  making  the  animal 
bremthe  air  surcharged  witii  that  gas»  or  by  preventing  its  elimination  from 
the  systera.  Traube*  prod  need  dy.^pntea  by  making  an  animal  breathe  a 
mixture  of  28  per  cent  of  carbonic  acid  gas,  32  i>er  cenL  of  oxygen,  and  40 
per  cent*  of  nitrogen/  Dyspncea  prtKluced  by  such  gase^  as  carbonic  oxide 
and  nitrous  oxide  is  due  apparently  to  tliese  gases  withdrawing  oxygen 
from  the  bloody  whilst  phosphurettedj  arseniu retted,  and  sulphuretted  hy- 
drtjgen   reduce  the  haemoglobin,  and  after  first  exciting  rapidly  paralyze 

^the  respiratory  centres.    Hydrocyanic  and  bydrochloric  acid  gases,  chlorine, 
sulphurous  acid t  and  some  other  gases  seem  both  to  act  destructively  on  the 
bloodf  and  to  destroy  the  functional  activity  of  the  vagal  nucteit 
! 
1  i 


1  Cenlralblnit,  1^70,  p.  275. 

•  f5«e  the  eipenments  ufCaermak,  Cenirmlbljat,  Jhii.  Bd,  1866  j  Pfliiger,  Ffluger^s 
.rthiv,  18*>8,  p.  61 ;  Scliwarz,  Beltrafe 

•  EwNJd*  PI!ui;er'B  Arcbiv,  1873,  p.  675;  Zuf  KennttJiM  der  Apncea. 
&i'f'  FlliigKr's  E&>iiy  in  Brtncl  i,  nf  his  Archiv,  1868 

•  Allg*-ni.  5lt*d.  C*^»triilbhitt,  1868,  Nob.  38  itiid  39  Soe  wlao  Thiry,  R^c.  des 
Traviiujt  lie  Jn  Six\  Mi*^.  Allcinniide  de  Paria,  1805;  and  Dohmen,  Untera.  itus  dam 
^hy^WA.  Lttb.  7ai  Bonru  1865,  p.  m, 

•  M.  Bert  (Sewnt-Hj  de  b  ftoe.  de  Biologte,  Feb.  8d,  1872,  Rev,  Scient.i  2*  8*r., 
i  Ami^,  N"-  37,  1872,  p.  882)  Uhs  ibuwn  ihut  the  bMrametric  pFessure  to  which  the 
Mnimiil  b  expiigeid  h  uf  grt?al  importiint«  In  such  ejcptjrlaieDls  io  consequtnce  of  iU 
«i«cu  on  the  diffuiion  of  the  giise^. 
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295.  The  reflectorifll,  as  opj>t>secl  lo  the  automatic  actirltT  f^t 
torj  centres  is  cbk-fly  exdtctl  through  the  PiieumogHstrk  ur 
And  especially  through  the  hraiiches  of  these  nerves  aistnbyieil  uj  iiir  hutux 
Aod  hings.  Other  sensory  nerves,  hoivever,  as  the  fifth,  ati4  the  »cunivf 
nerves  of  the  skin  generally,  may  convey  impressions  i^blch  are  rrflei'k4  At 
the  medulla  to  the  muscles  maintaining  respiration.  Under  ordinary  w* 
cumslanees,  that  is  to  gay,  iu  tranquil  breathing,  it  would  appear  that  ik 
deficieuey  of  oxygen  or  tne  accumulation  of  Carbonic  acid  and  othrr  pml* 
ucts  of  disintegration  in  the  blood,  acts  as  a  stimulus  to  the  scnttrttt  t*x* 
tremities  of  the  A^'agus  distributed  to  the  lungs;  the  excitation  b  coamdl 
through  the  trunks  of  these  nerves  to  the  vagal  centres  in  the  mcthtlb  t»b- 
longata,  from  tlience  it  is  reflecled  through  the  spinal  '  V  '  * 
through  it^  lateral  culumus^  to  the  phrenic  nerves,  and  th^ 

tracting  an  act  of  inspiration  takes  places.    The  Blood,  no 

ated,  ceases  to  be  a  stimulus  to  the  vagal  branches,  the  va- 

qnie*3cent,  the  diaphragm  relaxe*^  and  the  elasticity  of  th 

expels  the  air,  and  the  act  of  expiration  is  efleeted/    The  > 

phcnnmi^na  constitutes  normal  or  ordinary  respiration,  but  if  Irum  nay  nr* 

eumstaiices,  as  the  performance  of  active  exereii?e,  or  exptie^tifi    t  i  :t  ||je' 

temperature.*  the  eousnmption  of  oxygen  and  produetion  of  ^ 

are  increased,  the  vagal  centres  and  extremities  are  more  str^ 

they  transmit  a  more  powerful  influence,  and  other  motor  n*  i  i*  ai^ 

the'inlercost^Is)  bejidei*  the  phrenica  are  excited.     Id  ciises  wht.-  m,-  .•UwI 

is  still  less  periectly  arterialixed,  as  when  the  supply  of  air  ia  it»»ufi%dtati 

the  vagal  centres  are  still   more  strongly  exeited/and  all  the  a<*ee*H>nf 

muscles  are  then  called  Into  play* 

296,  The  important  part  played  by  the  Vagi  in  the  respiratory  u 
be  experimentally  shown  by  their  division,  and  the  application  »>f  ?* 
to  their  centric  extremities.  The  trunks  of  the  vagi  are  not 
much  sensibility,  for  if  pinched  or  pricked  the  anifnal  diics  not 
such  acute  signs  of  pain  as  when  the  trunks  of  the  onlinary  spiiiiii  iitjivt^ 
of  the  filth  pair  are  subjected  to  similar  treatment.  The  etfectfl  of  nection  of] 
the  viigi  appear  to  differ  considerably  in  di  lie  rent  animals,  which  w  doak 
less  in  part  due  to  the  fad  that  in  some  animals^  a§  the  Cat  and  Dtjg,  lbi» 
vagus  is  united  into  one  trunk  with  the  sympathetic,  the  Bection  of  th«^  Ian 
leading  to  vano-motor  complications;  whilst  in  others,  as  in  Man  and  ibe  Kab' 
bit,  these  nerves  are  separate*  When  the  section  is  made  on  one  sidt*  unlj 
in  the  Rabbit  the  effects  are  not  constant,*  but  if  the  division  1m?  made  fi- 
muUaueoui^ly  on  both  sides,  the  number  of  re^pitationa  per  minute,  m  wu 
shown  by  Dr.  Retd,*  diminishes  from  1 20-*  140  to  40-50,  The  met^hanwa^  «^' 
breathing  k  at  the  same  time  completely  altered.  Each  rt^piraiioa  b^ 
come,^  min'h  deeper  than  before,  whirh  is  "partly  due  to  iuere^i^Ml  ariioo  nf 
the  diaphragm,  and  partly  to  the  participatiim  of  the  accessory  iau-*t^lti*  fii 
tl]e  act  of  in^spimtion.  The  quantity  of  air  breathed  per  minute  tjt,  howerwv 
not  materially  altered,  being  as  great  after  as  before  the  i^ciiim,  the  dioiia* 
ished  freqiiency  being  eomjiensated  for  by  increased  depth  of  the  resjuraiorr 
act.  Still  it  is  to  be  particularly  observed  that  although  the  vigor  nf  th^ 
respiratory  movements  does  not  appear  to  be  materially  ifupairtHi,  the  blooil 

»  Sec  8clnff,  Pfluger's  Archiv,  Bd.  iv,  p  226. 

»  Breuer,  Sit?.,  d.  Wieii.  Akud,,  1B68,  Heft  xti,  attenipta  U*  ihow   thnt  the  Oj^rt  I 
ect  of  iriJ^pirHtion  leads  lo  relhxnlian  of  the  rr^pirntury  muecles,  »n4  U  a  itimuliu  I* 
the  iierv*'&  supj>l)  in^  I  ho  ©xpiritorv  mu&ele*,  jind  wiW  wr*^. 

*  Seo  Guia*iefn,  Verbiindlung  Phvs.  Mt-d,  UvsqU,  tu  WOrsbarg,  Bd,  It,  lff7l|  ^ 

im 

*  GilchHit,  Mcd.^Cbir,  Rev.,  1858,  vob  !i,  p.  106.  »  Op,  fit 
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[>!»«  more  or  less  venmis  rSanderson).*  In  dngs  the  sirnulUmeous  divi- 
of  the  two  vagi  ustiallY  reduces  the  number  of  the  j-^plrfttory  mov^ 
nietits  bf  ouc-half  ( Reid).  lo  pigeons  the  number  falls  to  oue-eigblh,  whilst 
tlie  depih  of  each  inspiration  is  only  increased  as  1  :  2.5,  the  respiratory 
Activity  therefore  being  diminished  to  about  one-third  of  its  original  am(mut 
(Raj?en thai) .^  In  some  eases,  after  divii?iou  of  the  Vagi,  the  respiration 
alters  ill  character,  the  inspiration  becoming  sudden  and  spasmodic^  with 
long  intervening  pauses,  but  usually  the  difference  is  such  as  is  expressed  in 
the  following  tracing  given  by  Dr,  Siiuderson,  in  which  the  movements  are 


Fio.  Ifl3. 


a,  TnwlDS  of  tbe  n^pffnUirf  mptctnenU  of  the  cat,    a.  befufe,  b  *fter  dUisiou  of  both  vagi. 


V   seen  to  be  more  slowly  performer],  hot  much  deeper  and  fuller.     The  influ- 
f     ence  of  the  Vagi  upon  respiration  may  also  be  shown  by  the  a ppl legation  of 
ap  elect rieiil  stimulus^  of  moderate  intensity  to  the  centric  extremity  of  the 
divide<l  nerve^  of  one  aide.     The  effect  will  be  observed  to  vary  according  to 
whether  the  animal  i^  breathing  naturally,  or  U  in  a  stale  of  afinoj'a  or  dy^>' 
mpa.     If  it  be  breathing  naturally,  or  be  in  a  ^tatc  of  eupncva,  the  imme- 
diate effect  of  slight  irritation  is' an  acceleration  of  the  respiratory  nm%^e* 
metits,  whilst  if  the  stimulys  be  stronger  temporary  arrest  of  respiration  in 
inspiration  oceutB,  owing  to  contraction  of  the  diaphragm  without  the  par- 
ticipation of  the  other  reispiratory  mnsclea.    If  the  excitation  be  still  stronger^ 
the  restpimtory  movements  are  completely  suspend e<l,  the  diaphragm  passing 
into  a  tetanic' condition,  which  la.^ts  as  long  as  the  stimulus  is  applied*    In 
flpno>a,  when  the  blood  Is  surcharged  with  oxygen,  the  effect  is  negative;  in 
dy^pUivn,  when  the  blood  is  deficient  in  oxygen,  all  the  accei^sory  mus*.*l^ 
are  brought  into  action,  and  the  chest  remains  for  a  time  in  a  state  of  tetanic 
expaas^ion/     When  the  animal  is  depressed  by  chloral,  and  irs  nerves  are 
I,       exhausted,  stimulation  of  the  vagi,  instead  of  bemg  followed  by  contraction, 
■    is  flowed  by  relaxation  of  the  diaphragm,  which  is  regarthJ  as  the  effect 
Hof  the  stimulation  of  the  inhibitory  fibres  probably  contained  in  the  recur- 
Kipti^,'  f§g  297,  301,  302.) 

^WS97.  The  branches  of  the  vagi  supplying  the  larynx  posse^^  special  attri- 
hatc^^  which  are  comparable  with  those  of  the  inhibitory  nerves  of  the  heart, 
for  if  moderate  excitation  be  applied  either  to  the  superior  or  to  the  inferior 
la^ngeal  nerve  the  inspiratory  movements  are  diminished  in  extent  and 
frequency,  whilst  if  the  excitation  he  more  energetic,  arrest  of  respiration 
with  »itong  contraction  of  the  expiratory  muscles  is  produced  (Breuer)\ 
The  pupcrior  laryngeal  nerves  are  more  sensitive  to  irritation  than  the  in- 
ferior*    The  experiments  of  various  observers  have  afforded  evidence  that 


1  Seer  Sii«ct(»r»on'i  Chapter  on  Rpspimtion  in  the  Handbook  to  the  Phyfiologjcul 
L»birj<riiry.  1873. 
'  Kur(?m'hfil»  Cutnptflfl  Kendus,  1861,  p.  7M*         *  Burdon-Sjindersoa,  Op.citi  p.  311. 
<  Sec  Borkiirt,  Pfliiger^ft  Archiv,  B»in<J  i,  l&eS,  p.  107. 
*  SlU.-ber.  d.  Wien.  Akud  ,  l§d8,  Ho.  jtii. 
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the  respiratory  movements  can  be  arrested  In  several  ways  by  nervous  luflu- 
ence.  Thus  it  appears  that  this  can  be  effected — ^(1),  by  irritation  of  Uie 
pneumogastric  nerve  (Traube),  (2],  by  irritatioa  of  the  Jarynac  (Bernardi 
Burkart),  and  (3),  by  irritation  of  the  nostrils^ — nasal  brandi  of  the  infra- 
arbital  (Schiff  and  KratBchmer).*  Slight  irritation  of  any  »en$ory  nerve 
augments  the  number  of  the  respiratory  movements  (SchifT).  Strong  irri- 
tation diminishes  (MantegaKza)  or  altogether  arrests  them,  especially  if  the 
excitant  be  heat,  when  inspiration- tetanus  is  produced  (SchifF).  According 
to  M.  Bert'  the  arres^t  in  the  nbove  instances  nmy  take  place  either  in  expi- 
ration or  inspiration,  though  It  is  more  easily  produced  in  expiration;  ctjin- 
eidently  with  the  arrest  of  the  movements  of  respiration  the  general  move- 
ments of  the  animal  are  arrested^t  remains  perfectly  motionless. 

298«  The  importance  of  moderate  excitation  of  the  general  sensory  nerves 
of  the  surface^  and  especially  of  the  fifth  pair,  in  exciting  the  reispimtory 
movement,  is  easily  shown,  Thus  Pflii|^er'  observed  that,  on  opening  the 
abdomen  and  uterus  of  a  pregnant  rabbit  at  the  full  time,  the  fietuses  were 
brought  into  view  enveloped  in  the  membranes,  and  quiescent.  On  detach- 
ing the  placenta  a  few  feeble  inspiratory  movements  occurred,  especially 
when  the  animals  were  pinched ;  but  death  soon  took  place,  When^  how* 
ever,  the  membranes  were  laid  open,  lively  inspiratory  movements  followed, 
which  soon  became  rhytlimicaU  In  the  same  way  it  has  long  been  a  well- 
known  fact^  that  the  fir^t  inspiratory  effort  of  the  new-born  infant  h  moat 
vigorously  (>er formed  when  the  cool  external  air  comes  in  contact  with  the 
face;  and  that  impre^ions  on  the  general  surface^  such  a^  a  ulap  of  the 
hand  on  the  nates,  are  often  cHectual  in  exciting  the  first  iu.'ipiratory  move- 
ments, when  they  would  not  otherwise  commence.  Dr.  M.  Hall  relates  an 
interesting  case,  in  which  the  first  inspiratitm  was  delayed,  simply  because 
the  face  was  protected  by  the  bed-clothes  from  the  aliuosphere ;  *  and,  on 
lining  up  these,  the  infant  immediately  breathe*K  Dr  M*  Hall  ha.^  also 
mentioned  the  important  fact,  that  although,  if  the  cerebrum  be  renioved, 
and  the  pncumogastrics  be  divided,  in  a  young  kitten,  the  number  of  acts 
of  respiration  will  he  reduced  to  four  in  a  minute,  yet  by  directing  a  stream 
of  air  on  the  auimah  or  bv  irritating  various  parts  of  the  general  surface^ 
we  may  excite  twenty  or  thirty  acts  of  respiration  within  the  iame  space  of 
time.  He  further  remarks  that  in  the  v^ry  young  warm-bloodetl  animaljas 
in  the  cold  blooded  animal,  the  phenomena  of  the  excito-motor  power  are 
far  more  vividly  manifested  than  in  the  older  and  warm-blo(Kled,  In  the 
Yery  young  kitten,  even  when  asphyxiated  to  insensibility,  every  touch,  con- 
tact, or  slight  blow,  every  jar  of  the  table,  any  sudden  impre^fsion  of  the  ex- 
ternal air,  or  that  of  a  few  drops  of  cold  water,  induces  at  out^e  energetic 
reflex  movements  and  rqXs  of  inspiration.  This  may  be  looked  upon  f^ 
l^ature's  provision  for  the  first  establii^hment  of  the  respiratory  function  iu 
the  new-born  aniniaU — ^But  the  influence  of  the  nerves  of  the  general  sys- 
tem is  by  no  meanfl  wanting  in  the  adult;  as  many  familiar  facts  demon- 
strate. Thus  every  one  knows  that  the  first  plunge  into  cold  water,  or  the 
Urst  descent  of  the  streams  of  the  shower-bath,  or  even  the  darling  of  a 
glass  of  cold  water  in  the  face,  will  produce  inspiratory  efforts;  and  this 
fact  has  many  imjiortant  practical  applications.  Thus  in  the  treatment  of 
Asphyxia,  whether  congenital  or  the  result  of  narcotic  poiaoningj  drowning, 
etc.,  the  alternate  application  of  cold  and  heat  is  found  to  be  one  of  the 
most  efficacious  means  of  restoring  the  respiratory  movements;  and  a  par- 

I  5hjs  d,  k,  Akftd,  *ti  Wren.  187f>,  Bd.  lxn»  p.  IGO. 

>  Browrj-S^inird,  Ari>bive8  de  Pby&iolog*e,  t.  u,  pp.  179  ind  S22, 

3  Pfliiger^a  Arcbiv,  IgriS,  p.  OL 

<  Hi^w  Memoir  on  lh0  True  Spinal  Marrow^  etc.,  p.  *29. 
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oxymi  of  hy.*terie  laughter  may  b^  cut  ^liort  by  daslnng  a  glass  of  cold  water 
In  the  face.  It  seems  not  i  id  probable  tbat  even  the  sympathetic  nerve,  which 
derives  maoy  fibres  fram  the  cerebro-spina!  gygtera,  and  which  CispeeiaUy 
cofufimuicates  with  the  pneujuogastric  nerves,  mav  be  one  of  the  excitoi^  to 
Uiis  function  J  and  thm  perhaps  not  only  throngK  it^  ramifications  in  the 
luug9,  which  are  considerable,  but  also  by  its  distribution  on  the  fiysteinie 
va^i««U;  m  that  it  may  convey  to  the  epinal  cord  the  impression  of  im per- 
fectly arterialized  bloo^l  through  these,  such  aa  the  pneumogastric  is  be- 
lieved to  traniimit  from  the  lunges. 

2J^9.  The  motor  or  *' efferent''  nerves  cooeerned  in  the  function  of  Respi- 
rmtioQ^  are  those  which  Sir  C*  Bell  has  grouped  together  in  bis  **  respiratory 
system."  The  most  important  of  these,  the  Phrenjcs,  arise  from  the  Ufjper 
part  of  the  Spinal  Cord  ;  the  Intercostals  much  lower  down  ;  whil^^t  the 
Fftcial  Nerve  and  the  Spinal  Accessory,  to  the  latter  of  which,  as  will  be 
shown  hereafter  (chap,  xiii,  sec.  2)^  the  motor  powers  of  the  Pneumogastric 
are  chiefly  due.  take  their  origin  in  the  Medulla  Oblongata  itself.  M. 
Browu*Sec|uard  ^  has  paid  particular  attention  to  the  rhythmical  movements 
of  the  Diaphragm  in  Rabbit:^,  which  are  observed  to  occur  after  section  of 
the  phrenic  nerves,  and  even  after  destruction  of  the  entire  spinal  cord, 
He  attributes  them  to  the  minute  ganglia  described  by  Rouget,  which  are 
fonuil  on  the  filaments  of  the  phreuic  nerve.  It  is  very  remarkable  that 
letter  5iuch  serious  injury  to  the  nervoua  system  the  two  sides  of  the  dia* 
phrngm,  which  are  chiefly  connected  by  ten  don »  should  act  synchronously; 
and  also  that  the  inspiratory  movements  of  the  Diaphragm  should  regularly 
alternate  with  those  of  the  expiratory  muscles,  which  in  Rabbits  are  chiefly 
thecjctertial  oblique  muscles  of  the  abdonieo. 

SfMK  That  the  respiratorv  movements,  as  ordinarily  performed,  are  essen- 
tially independent  of  the  Will^  appears  not  only  from  our  own  consciousness, 
hut  also  from  cases  of  paralysis;  in  Mime  of  which  the  power  of  the  will 
over  the  muscles  has  been  lost,  whilst  the  movements  have  been  kept  up  by 
the  reflex  action  of  the  Medulla  Oblongata  or  respiratory  ganglion  ;  whilst 
iu  others,  some  of  the  res|)iratory  muscles  have  been  motionless  during  ordi- 
aary  breathing,  and  yet  have  remained  tinder  the  power  of  the  will,*  That 
ponsciowsneiis  is  not  a  necessary  link  in  the  chain  of  caus^  which  produce 
the  respiratory  movements,  we  are  enabled  to  judge  from  the  phenomena 
presented  by  the  human  being  in  sleep  and  coma,  by  anencephalous  fcetuses, 
and  hy  decapitated  animals.  This  conclusion  is  confirmed  by  a  case  recorded 
by  Dk  H,  Ley,*  who  had  under  his  <mre  a  patient  in  whom  the  pneumo- 
gistrics  api^ea'red  to  be  diseased  ;  the  lungs  suffered  in  the  usual  way  iu  con- 
icfjnence,  and  the  patient  had  evidently  laborious  breathing ;  but  he  dis- 
tioctly  said  that  he  felt  no  uneasiness  in  his  chest. — The  exj>erience  of  every 
one  informs  him,  however,  that  the  Respiratory  movements  are  partly  under 
the  control  of  the  will,  though  frequently  unrestrainable  by  it.  In  ordinary 
circumstances,  when  the  bhwd  is  being  perfectly  aerated^  and  there  is  a  sui- 
ficient  amount  of  arterial  blood  iu  the  system  to  carry  on  the  functions  of 
life  for  a  short  time,  we  can  suspend  the  respiratory  actions  during  a  few 
seconds  without  any  inconvenience.  If,  however,  we  endeavor  to  prolong 
the  Huspension,  the  stimulus  conveyed  by  the  excilor  nerves  to  the  Medulla 
Oblongata  becomess  too  strong,  and  we  cannot  avoid  making  inspiratory 
effi>rti  J  and  if  the  suspension  be  still  further  prolonged,  the  whole  body 
becomes  agitated  by  movements  which  are  almost  of  a  convulsive  naturCj 


'   Rrawn  Sequurd,  JournnJ  (\e  tn  Physid<»frie,  t,  it,  p,  115. 

*  Sii*>h  c&M's  orp  mentioned  by  Sir  u*  Bell,  in  the  Appendu  to  hie  work   on   tho 
Nf^fvmw  Sy litem  of  the  Htjmiin  Body. 

•  On  LuryngUaius  3in^ulus,  p.  ill. 
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ftTid  no  effort  of  the  will  can  then  pre%^ent  the  ingress  of  air,*  It  i**  eitw  t<i1 
understand  wHYj  in  tbe  higher  animals  at  least,  and  more  especially  in  Mao,] 
ibe  respiratory  actions  shonld  be  thus  placed  under  the  direction  of  the  will ;  I 
since  they  are  subservient  to  the  production  of  those  Sounds,  by  which  inrlWl 
vidualg  communicate  thesr  feelings  and  desires  to  each  other;  and  which, 
when  articulate,  are  capable  of  so  completely  expressing  what  is  pushing  in  j 
the  mind  of  the  speaker, 

SOL  The  motor  power  of  the  Respiratory  nerves  is  exereifled,  however,  ootl 
only  on  the  muscles  which  perform  the  inspiratory  and  expiratory  mnve- 
inents,  but  on  those  which  guard  the  entrance  to  the  windpipe,  and  al^a  <iii 
some  other  parts.    Between  the  superior  and  inferior  Laryngeal  nerves  tH^re  ^ 
is  an  important  difference,  which  anatomical  and  experimental  r 
have  now  very  clearly  demonstrated.     It  ap|)ears  from  the  very  en,  \ 

f^BJitisfactory  oh?ervation8  and  experiments  of  Dr,  J.  Reid/  that  whili^t  itjt 
infmor  hiryngea!  is  the  nuttor  nerve  of  nearly  all  the  laryngeal  muj^^leti,  llitj 
mpennr  laryngeal  is  an  4tfferfnt  nerve  of  extreme  aenRlbility,  conveying  t<il 
the  Medulla  Oblongata  the  hnnressions  made  on  it4j  peripheral  extremltie 
The  motor  endownienfcf  of  the  latter  are  limited  to  the  crico-thyrotd  muscle 
to  which  alone  of  all  the  muscles  its  filaments  can  be  traced,  tlie  reiuainrle 
being  distributed  to  the  raucoijs  membrane  of  the  larynx  ;  and  lU  eenstibility 
is  very  evident,  when  it  is  pinched  or  Irrilated  during  experiments^  upn  itJ 
On  the  other  hand,  the  motor  character  of  the  inferior  laryngeal  bmnch  jsl 
shown  by  its  very  slight  sensibility  to  injury,  by  ili?  nearly  exeluHlve  dUiri*! 
bution  to  muscles,  and  by  its  influence  in  eKcitiug  eoiitracfifm  of  lhL*e<e  wbeJiJ 
its  !«e  pa  rated  trunk  is  stimulated-     Burkart*  ha^s  however,  isbown  thai  t^r-1 
tain  mnmry  or  centripetal  fibres  course  in  this  ner%*e,  on  irritaltun  of  whirh  J 
an  inhibitory  inflnence  can  be  exerted  on  the  respiratory  act^ ;  slight  irnta*j 
tiou  producing  a  prolongation  of  the  interval  between  esplrauon  and  In-^ja^ 
ration,  and  strong  irritation  completely  stopping  the  reiipiratory  movHniei*ti. 

302.  It  was  ali*o  ascertained  by  Dr.  .L  Reirl,*  that,  if  the  infi^rior  laryufrfsil 
branches  he  divided,  or  the  trunk  of  the  pneumogastric  be  cut  abovf  tlieir 
origin  from  it,  no  constriction  of  the  glottis  follows,  but  a  paraly/ed  slJite  of 
Its  muscles.     After  the  first  paroxysm  occasioned  by  the  oj>eralifin,  a  |»erit)«l  f 
of  quiescence  and  freedom  from  dyspun?a  often  ^upervene.^,  the  rc*pimliwfii  | 
being  performed  with  ease  so  long  as  the  animal  remains  at  rest;  Iml  hh  hb- 
usual  respiratory  movement,  such  as  takes  place  at  the  commencemeul  '/a 
struggle,  induces  immediate  symptoms  of  suffocation,- — the  current  nf  air 
carrying  inwards  the  arytenoid  cartilages,  which  are  rendered  i       '      '     ^' 
paralysed  state  of  their  muscles ;  and  these,  falting  upon  the  oj 
glottis  like  valves,  obstruct  the  entrance  of  air  into  th*^  IwDgs^.      1  hv  mure 
eifort  is  made,  the  greater  will  be  the  obstruction  :  and  acconliugly,  it » 
generally  necessary  to  counteract  the  tendency  to  suffocation,  when  it  i^cfe* 


1  It  is  flBsert^  by  M*  Boiirdon  (Rwtif^rehe«  fur  Ir  ML^curiJ^me  do  In  lU^pirAtf-^n,  J*. 
2t),  lliBt  no  person  cvtiv  committed  RoiLnde,  though  \rmny  hnvc  iittwuipi.Hl  Ui  du  #*», 
bj  simply  hijldiniij  Ihe  brenth  ;  the  contnd  nf  the  will  over  lU«  rt'«ptrMl«.»ry  uiukI^ 
not  btving  aufficirntly  ijrtmt  to  antaj^oni?!:*?  tho  stimulu*  of  ilic  *♦  b(*»ain  di*  rFfjnn*t.* 
when  this  has  becn'mo  ii£;grHVAted  by  lire  u>riiiH»rnry  fe^s»tion  of  ilu>  Hftl*ni,    B«l 
»Mch  persons  have  Miccee^ied  better  by  holdrni^tho  fucH  bt^neitth  th^  furficv  oftfut^J 
b«ciin»&  bt*re  iin<«ther  »H  <if  mu*clei  is  cnlli'd  into  Hctinn,  whicb  nr  ""  *  '  ' 

the  control  of  Itie  will  thnn  am  those  of  rt^jajiirrtlUm  ;  iitid  ii  *tr 
to  tbe?e  ran  prevent  hU  acf;esA  of  Bir  ho  tUo  tuags,  however  vioIcij«  .*.,*.  .-.   ...    .  .  , 

nitorv  efforts. 

»  Edin.  Med.  und  Surg,  Jonrn.,  Jun.  1838;  and  Ami,,  Physiol.,  nnl  P*ithiX  tt«M 
chnp.  iv 

*  FflUger'i  Arebiv  f.  geimmmta  Physiol.,  8d.  1,  p.  107,  tS«fl. 

*  Op*  cit    Soe  alio  abitraot  of  Le veal's  He«eiircne«^  in  L«ncut,  vol.  i,  lUTOvji  56^* 


OF   THE   RESPIRATORT    MOVEMENTS.  881 

sired  to  prolong  the  life  of  the  animal  afler  this  operation,  by  making  an 
opening  into  the  trachea.  Dr.  Reid  further  ascertained,  that  the  applica- 
tion of  a  stimulus  to  the  inferior  laryngeal  nerves,  when  separated  from  the 
trunk,  would  occasion  distinct  muscular  contractions  in  the  larynx ;  whilst  a 
corresponding  stimulus  applied  to  the  superior  laryngeal  occasioned  no  mus- 
cular movement,  except  in  the  crico-thyroid  muscle.  But  when  the  superior 
laryngeals  were  entire,  irritation  of  the  mucous  surface  of  the  larynx,  or  of 
the  trunks  themselves,  produced  contraction  of  the  glottis  and  efforts  to 
cough  ;  effects  which  were  at  once  prevented  by  dividing  those  nerves,  and 
thereby  cutting  off  their  communication  with  the  Medulla  Oblongata.  The 
observations  of  Dr.  Reid  have  been  fully  corroborated  by  those  of  Rosen- 
thal,' who  found  in  addition  that  moderate  irritation  of  the  Vagus  caused 
increased  frequency  of  the  respiratory  movements,  and  strong  irritation,  in- 
tpiratian'tetanus,  whilst  if  the  superior  laryngeal  nerves  were  carefully  iso- 
lated and  stimulated  with  weak  induction  currents,  the  respirations  fell  in 
frequency,  chiefly  in  consequence  of  the  prolongation  of  the  pause ;  and  if 
the  strength  of  the  current  were  somewhat  increased,  complete  relaxation  of 
the  diaphragm  occurred,  and  expiration-tetanus.  The  strength  of  the  cur- 
rent to  produce  these  effects  must,  however,  be  much  less  considerable  than 
is  required  to  produce  increase  of  respiratory  activity  and  tetanus  of  the 
diaphragm,  when  applied  to  the  trunk  of  the  Pneumogastric,  on  account  of 
the  extreme  sensibility  of  the  superior  laryngeal  nerve.  The  inhibitory  in- 
fluence upon  the  respiratory  function,  and  especially  upon  the  movements 
of  the  diaphragm,  thus  attributed  by  Rosenthal,  to  the  superior  laryngeal 
branches  of  the  Pneumogastric  nerve,  is  so  far  different  from  that  of  the  Car- 
diac and  Splanchnic  branches  of  the  same  nerve — whose  controlling  power 
over  muscular  movements  has  been  already  alluded  to  (§§  244,  95) — that  it 
acts  centripetally  on  the  Medulla  Oblongata,  and  not,  like  them,  centrifu- 
nlly.  There  can  be  no  doubt  then,  that  the  superior  and  inferior  laryngeal 
branches  constitute  the  circle  of  incident  and  motor  nerves,  by  which  the 
aperture  of  the  glottis  is  governed,  and  by  which  any  irritation  of  the  larynx 
is  made  to  close  the  passage,  so  as  to  prevent  the  entrance  of  improper  sub- 
stances; whilst  the  superior  laryngeal  nerve  also  excites  the  muscles  of  ex- 
piration, so  as  to  cause  the  violent  ejection  of  a  blast  of  air,  by  which  the 
oflending  gas,  fluid,  or  solid,  may  be  carried  off.  The  effect  of  carbonic 
acid  in  causing  spasmodic  closure  of  the  glottis  is  well  known ;  and  affords 
a  beautiful  example  of  the  protective  office  of  this  system  of  nerves. — The 
mucous  surface  of  the  trachea  and  bronchi  appears  from  the  experiments  of 
Valentin,  to  be  endowed  with  excitability,  so  that  stimuli  applied  to  it  pro- 
duce expiratory  movements;  and  this  evidently  operates  through  the  branches 
of  the  pneumogastric  distributed  upon  the  membrane.  Here,  as  elsewhere, 
we  And  that  a  stimulus  applied  to  the  surface  has  a  much  more  decided  in- 
fluence than  the  irritation  of  the  trunk  of  the  nerve  supplying  it. 

303.  The  actions  of  sighing,  yawning,  sobbing,  laughing,  coughing,  and 
tneezing,  are  nothing  else  than  simple  modifications  of  the  ordinary  move- 
ments of  respiration,  excited  either  by  mental  emotions,  or  by  some  stimulus 
originating  in  the  respiratory  organs  themselves. — Sighing  is  nothing  more 
than  a  very  long-drawn  inspiration,  in  which  a  larger  quantity  of  air  than 
usual  is  made  to  enter  the  lungs.  This  is  continually  taking  place  to  a 
moderate  degree ;  and  we  notice  it  particularly  when  the  attention  is  re- 
leased, after  having  been  fixed  upon  an  object  which  has  excited  it  strongly, 
and  which  has  prevented  our  feeling  the  insufficiency  of  the  ordinary  move- 


»  RoA^nthal,  Die  Athembewpgungen  und  ihrcn  Boziehungen  zum  Ncrv.  V»gu^, 
B«rlin,  18t»2;  and  Archiv  f.  Anat.  und  Physiol.,  1802,  p.  220. 
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ments  of  respiration*     Hence  this  Hction  is  only  occasionally  connected  ' 
meiitul  emotirm.—  1  ww'MrV<<7  is  a  gtill  deeper  iiii^pi ration,  which  is  ai.x:oJii[if 
by  A  kind  of  spasmodic  contraction  of  the  depres»f>ra  of  the  lower  piw.  nit! 
alio  by  a  very  great  elevation  of  the  ribs^  in  which  the  seapulm  i^rtAke. 
The  purely  voluntary  character  of  this  movement  iss  gometiiiit^  se<*n,  in  « 
remarkable  manner  in  cases  of  palsy  ;  in  which  the  |mtient  cannot  rrnis*  hh 
shoultler  by  an  eflbrt  of  the  will,  bnt  does  so  in  the  act  of  yawjiing.     Nevpr- 
theless  this  act  may  be  performed  by  the  will»  thongh  not  completely;  and  iaJ 
one  that  is  particularly  excited  by  an  involuntary  tendency  to  imiution,  ftal 
every  one  must  have  experienced  who  has  ever  been  iu  company  %rith  a  i 
of  yawners, — Sobltiitt;  is  tiie  consecjuerice  of  a  series  of  short  eoiivul5iv*:^  fxrn 
tractions  of  the  diaphragm  ;  and  it  is  usually  accompanied  by  a  closure  of  th»* 
glottis,  so  that  no  air  really  enters. — In  Ilie*ioitf^h,  the  same  coovnUive  respi- 
ratory movement  occurs,  and  the  glottis  cloi?cs  suddenly  in  the  tuitbt  of  it; J 
the  sound  is  occasioned  by  the  impulse  of  the  column  of  air  iti  mot  inn  ni'f!?Tt<|l 
the  glottis. — In  lAmghuuj,  a  precisely  reverse  action  takes  place  ;  th- 
of  expiration  are  hi  convulsive  movement,  more  or  le.^  violent^  and  - 
the  breath  in  a  series  of  jerks,  the  glottis  being  open.     Tbi^  somotimp»i 
on,  until  the  diaphragm  is  more  arched,  and  the  chest  h  more  compM 
emptied  of  air,  than  it  could  be  by  au  ordinary  movetneDt  of  expiraiioB.- 
The  act  of  Crftng,  though  occasioned  by  a  contrary  emotion*  is,  so  far  as  thai 
respiratiijn  is  concerned,  very  nearly  the  same  a?  the  la^^t     Every  one  kn*iwi| 
the  elfect  of  mixe<l  ern^HionV,  in  producing  an  expression  of  them  which  i 
'*  hetween  a  laugh  and  a  cry  " — The  greater  part  of  the  preceding  movementil 
seem  lo  belong  as  much  to  the  rtmseumial  or  to  the  emotional,  as  to  the  r^<'*>^1 
motor  group  of  actlouj? ;  for  whilst  they  are  sometime*  the  re^^ult  of  jiteculiar  1 
states  of  the  respiratory  organs,  or  of  the  bodily  system  in  general,  xl 
also  be  called  forth  by  inmieoces  which  operate  directly  through  tl 
or  which  excite  the  eraotions,     Thu^  whilst  Sighing  and  Yawning  uluai 
occur  as  simple  results  of  defideot  aeration,  they  may  be  brought  on,— th«l 
former  by  a  depressed  ^tate  of  the  feelings, — the  latter  by  the  mere  f^igbt  of| 
the  act  in  another  person.     The  actions  of  Laughter  and  Cryintr  ^^f  r^ni  n+^verj 
to  originate  in  the  respiratory  system  ;  but  to  be  always  either  >  .^  ot 

the  emotions^  or  simple  results  of  sensations,— as  when  crying  at  i  ibf  1 

»ensc  of  pain, — and  laughter  from  that  of  tickling*     The  origin  of  the  aetaf  ^ 
Hiccough  does  not  seem  very  clear;  but  the  movenient  is  probibiy  of  a  purely 
reflex  nature, 

304,  The  purposes  of  the  acts  of  Coughing  and  Sneezing  are,  in  both  in- 
stances, to  expel  substances  from  the  air- passages,  which  are  sMnirc^*  fjf  irriii- 
tion  there:  and  this  is  accomplished  iu  both,  by  a  violent  ex|Hraic*ry  effi*rt, 
which  sends  forth  a  blast  of  air  from  the  lungi*. —  Cutttjhimi  mTUrt*  wbea  tlip 
source  of  irritation  is  situated  at  the  back  of  the  mouih,  in  I  he  glottu^,  tmcbcn, 
or  bronchial  tubes,  The  irritation  may  be  produced  hy  acrid  vajn^r^,  or  l*v 
liquidsi  or  solids,  that  have  found  their  way  into  these  piii*s?iger! ;  or  hv  K^n- 
tions  which  have  been  m>ured  into  them  in  unusual  quantity,  as  the  nf?ij It  (jf 
disease  ;  or  by  the  simple  entrance  of  air  (eispecially  if  cold),  when  ihr  mem- 
braue  is  in  a  peculiarly  irritable  state.  Any  of  these  causes  may  tmnluce  hb 
impreission  upon  the  excitor  fibres  of  the  superior^  and  in  Jen  or  Itiryogeal 
branches  of  the  Pneumogastric^,  which,  being  conveyed  to  the  Me*iulla  Ob* 
longata,  glve»  rise  to  the  transmission  of  a  motor  impulse  to  the  tevenl 
imjf?cles,  that  combines  them  in  an  act  of  expiration.  The  act  of  e<jujghiDf 
consistSj — Iflt,  in  a  long  inspiration,  which  fills  the  lungs;  2cl,  iu  the  dosurt 


'  See  Roeenthnl,  DSs  Alhwrnbewpgongen,  1862  j  trnd  B«icheri*s  Arehtv,  Itil* 
•  Burkbi^rt,  Pfloger'i  Arcbiv,  Ed.  i,  p.  107. 
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of  the  glottis  and  of  the  larynx  at  its  upper  orifice  by  the  approximation  of 
the  epiglottis  to  the  walls  of  the  pharynx  (Ed.  Smith),  at  the  moment  when 
expiration  commences ;  and  3d,  in  the  bursting  open  (as  it  were)  of  the  glottis, 
by  the  violence  of  the  expiratory  movement ;  so  that  a  sudden  blast  of  air  is 
forced  up  the  air-passages,  carrying  before  it  anything  that  may  offer  an  ob- 
struction.— The  difference  between  Coughing  and  Sneezing  consists  in  this, — 
that  in  the  latter,  the  communication  between  the  larynx  and  the  mouth  is 
pertly  or  entirely  closed  by  the  drawing  together  of  the  sides  of  the  velum 
palati  over  the  back  of  the  tongue ;  so  that  the  blast  of  air  is  directed,  more 
or  less  completely,  through  the  nose,  in  such  a  way  as  to  carry  off  any  source 
of  irritation  that  may  be  present  there. — It  is  difficult  to  say  how  far  these 
actions  are  independent  of  consciousness,  or  how  far  they  may  require  the 
stimulus  of  sensation  for  their  performance. 

305.  Various  alterations  are  produced  in  the  Lungs  by  section  of  the 
Pneumogastric  nerves;  the  inquiry  into  the  nature  and  succession  of  which 
has  been  most  carefully  prosecuted  by  Dr.  J.  Reid  ;^  and  as  his  results  have 
a  very  important  bearing  on  several  physiological  and  pathological  questions 
of  great  interest,  a  summary  of  them  will  be  here  given. — In  the  first  place,  it 
has  been  fully  established  by  Dr.  Reid,  that  section  of  the  Vagus  on  one  side 
only  does  not  necessarily,  or  even  generally,  induce  disease  of  that  lung ;  and 
hence  the  important  inference  may  be  drawn,  that  tlie  nerve  does  not  exercise 
any  immediate  influence  on  its  functions.  When  both  Vagi  are  divided,  how- 
ever, the  animal  rarely  survives  long ;  but  its  death  frequently  results  from 
the  disorder  of  the  digestive  functions.  Nevertheless,  the  power  of  digestion 
is  sometimes  restored  sufficiently  to  reinvigorate  the  animals;  and  their  lives 
may  then  be  prolonged  for  a  considerable  time  (§  92).  In  fifteen  out  of  seven- 
teen animals  experimented  on  by  Dr.  Reid,  the  lungs  were  found  more  or  less  un- 
fit for  the  healthy  performance  of  their  functions.  The  most  common  morbid 
changes  were  a  congested  state  of  the  bloodvessels,  and  an  effusion  of  frothy 
eerum  into  the  air-cells  and  bronchial  tubes.  In  eight  out  of  the  fifteen,  these 
changes  were  strongly  marked.  In  some  portions  of  the  lungs,  the  quantity 
of  blood  was  so  great  as  to  render  them  dense.  The  degree  of  congestion 
varied  in  different  parts  of  the  same  lung;  but  it  was  generally  greatest  at 
the  most  depending  portions.  The  condensation  was  generally  greater  than 
could  be  accounted  for  by  the  mere  congestion  of  blood  in  the  vessels,  and 
probably  arose  from  the  escape  of  the  solid  parts  of  the  blood  into  the  tissue 
of  the  lung.  In  some  instances  the  condensation  was  so  great,  that  consider- 
able portions  of  the  lung  sank  in  water,  and  did  not  crepitate ;  but  they  did 
not  present  the  granulated  appearance  of  the  second  stage  of  ordinary  pneu- 
monia. In  fiVQ  cases  in  which  the  animal  had  survived  a  considerable  time, 
portions  of  the  lungs  exhibited  the  second,  and  even  the  third  stages  of  pneu- 
monia, with  puriform  effusion  into  the  small  bronchial  tubes ;  and  in  two, 
gangrene  had  supervened. — One  of  the  most  imfwrtant  points  to  ascertain  in 
an  investigation  of  this  kind,  is  the  fird  departure  from  a  healthy  state ;  to 
decide  whether  the  effusion  of  frothy  reddish  serum,  by  interfering  with  the 
usual  change  in  the  lungs,  causes  the  congested  state  of  the  pulmonary  vessels 
and  the  labored  respiration ;  or  whether  the  effusion  is  the  effect  of  a  previ- 
ously congested  state  of  the  bloodvessels.  The  former  is  the  opinion  of  many 
physiologists,  who  have  represented  the  effusion  of  serum  as  a  process  of 
morbid  secretion,  directly  resulting  from  the  disorder  of  that  function  pro- 
duced by  the  section  of  the  nerve ;  the  latter  appears  the  unavoidable  in- 
ference from  the  carefully  noted  results  of  Dr.  Reid's  experiments.  In 
several  of  these,  only  a  very  small  quantity  of  frothy  serum  was  found  in 

*  Op.  cit. 
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the  air-tyb€s.  eveti  when  the  lungs  were  found  loaded  with  bIiH»d,  aud  t<!hm\ 
tbe  respiration  before  death  was  very  labored.  This  naturally  lt:a*U  ue  X-j] 
doubt  whether  the  frothy  serum  is  the  cause  of  tbe  labi:»red  respif«tioii,  asd 
of  the  congested  state  of  the  pulmonary  vessels,  in  those  ca^ee  whe rt  il  ii 
pre^Dt ;  though  there  can  be  no  doubt  that^  when  once  it  ifi  effbt^,  it  mat 
powerfully  tend  to  increase  the  diflieuhy  of  respiration*  and  Hill  furth«r  U» 
impede  the  circulation  through  the  lungs.  Dr.  Reid  has  sati>fied  himBelf  otf' 
an  important  ptjint  which  has  been  overlooked  by  others,  oamelr,  ibal  thif 
frothy  fluid  if;  not  tuucus,  though  occasionally  mixed  with  it«  but  ibat  it  ii 
the  frothy  serum  so  frequently  fouud  in  cates  where  the  circulation  ihitJUfli 
the  lungs  has  been  impeded  before  death.  Frutn  this  and  oilier  fiMW 
Dr*  Reid  concludes  "that  the  congeistiou  of  the  bhxKJve^i^Js  k  the  fini  de- 
parture from  the  he^kby  Atate  of  the  lung,  arid  that  the  eff\iitoii  of  frolftij 
•  ierum  is  a  subsequent  efleet/'  The  experimenti*  of  \\  Boddtirt*  are  etteiltiaUj 
Iconfirmatory  of  those  of  Dr  Reid,  He  has  shown,  howev»:'r,  thai  eObtUk 
iimilar  to  those  iollowing  division  of  both  Vagi,  result  fn>j:  -ia  of  ibt 

Interior  laryngeal  nerve,  which  [ierinits  the  entrance  of  f  Urn  into 

the  air*pa^ges.    It  has  also  been  demonstrated'  that  i  r  rforaiiid 

after  division  of  the  Vagi  prolongs  life,  the  degree  of  jm  d*  mfiiif 

on  the  efficiency  of  the  means  u^ed  to  prevent  the  entrance  uf  i  dt«s 

mto  the  airpassages.    If  to  these  facts  it  is  added  that  tlie  injec!  i<m 

iuto  the  trachea  and  bronchi  of  aainialB  with  intact  Vagi  pn  ■  loos 

effects,  the  inference,  m  Dr,  Sauderson  observei,  y  unavuidabk  ...-.  .*,v  ia- 
flttmmatory  symptoms  observed  after  ge<'tioti  of  the  Vagi,  art*  due  lu  llw 
abulition  of  the  guard  which  the  glottis  constitutes  at  the  tnitrmnce  to  tbt 
I  respiratory  passa^s,  and  the  entry  of  foreign  btJMiies  into  ibdr  inlerior/ 
'The  experimental  history  of  th6*Par  Vagum,'*  it  is  ju*itly  t  '     '  * 

Dr,  Reid,  **  ftirnii*hes  an  excellent  ilUistniliou  of  the  nnmero 
with  which  the  physiologist  has  to  eon  tend,  from  the  imjiot- 
sulating  any  individual  organ  from  its  ujulual  actions  and  n:. 
he  wishes  to  examine  the  order  and  dependence  of  ites  phenomenit/     li 
investigutions,  no  Ui?eful  inference  can  be  drawn  from  one  or  two  exiwriiuentt^ 
only;  in  order  to  avoid  all  sources  of  fallacy,  u  large  nun*  her  must  hv  mmk: 
the  points  in  which  all  agree,  must  be  separated  from  othera  in  which  tlicft 
is  a  variation  of  results ;  and  it  must  be  then  inquired,  to  what  Iht  1  Alter 
h  due.* 

2.  Effect*  of  Hc^iration  on  the  Air* 

S06.  The  total  amount  of  air  which  mn  be  drawn  into  the  Luogi  by  cbi 

',  deepe3«t  [nmble  inspiratory  movement,  by  no  means  a^irds  a  measure  i>f  th« 
i  quantity  which  they  ordinarily  contain.     It  is  in  fact  compoied,  ns  w.t*  fir«t 
rwinted  out  by  Mr/Julius  Jeflreyi/ of  several  different  quantitiee,  wUich  tmj  | 

be  distinguisljed  m  follows; 

1  JcmmAl  do  111  Fhytiologie,  vol,  t»  1S62j  pp,  ^2  und  627* 

'  Sm*cii*rwin,  Hundboak  fiir  tbe  Phy^iologicHl  Lttb^>ritit>ry,  ISIS^  p.  S08. 

<  Bciiitf  (Archiv  r  Phva,  Heilkuude,  Bd.  vi)  Biiggt;**l3  tlimt  the  cortgnatlun  f**iilti 
fpom  %'ni»o*nMUor  jmralysis* 

*  On  Hie  impiirtunliubjeet  of  the  Meehtinii-tn  of  Refprrntinn,  the  ftjIlowioK  Mff«»nif< 
may  b**  ci>nsiilu^d  in  additmn  tci  ihoa?  nlreiidy  referred  Ui :  Dp.  J,  HiMdV  Art  lUa* 
pirMtion  in  Cyclop,  of  Anat.  and  Fhysii'd  ,  vol.  iv ;  Dr.  Htilchm^on  \n  Mvd.*Chi^ 
Tr»na.,  VoL  x%\%  ;  Br.  Sib»on  in  Phil    Trims.,  IM",  Med-  Gur..,  mA.  xh,  ^l.il  t'feit 
rTrins  ^  vol,  ixjti,  wnd  Trans,  of  Prov.  Mdl.  A^soc,  185<>;  ik-«u  jir  i  it 

'  Arrhiv.  Ooa.,  IB'12;  H^ndL*l*eahn,  Der  Mectmnismuf  dt*r  KeepiriilUh  ylt- 

tion,  IWIln,  IS4o  ^  and  Yierordt,  Art.  He^plrttlion  in  Wagner 'b  Hand^^i^rUft^uili  i 
Phvsiologie,  Bd.  it. 

*'Butic#  of  ibo  Huiniin  Chest,  184?». 
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1.  JRendual  Air ;  that  which  cannot  be  displaced  by  the  raost  powerful 
expiration,  which  always  remains  in  the  thorax  so  long  as  the  lungs  retain 
their  natural  structure,  and  over  which,  therefore,  we  have  no  control. 

2.  Supplemental  Air ;  that  portion  which  remains  in  the  chest  after  the 
ordinary  gentle  expiration,  but  which  may  be  displaced  at  will. 

3.  Breathing  or  Tidal  Air;  that  volume  which  is  displaced  by  the  con- 
stant gentle  inspiration  and  expiration. 

4.  Vomplemental  Air;  the  quantity  which  can  be  inhaled  by  the  deepest 
possible  inspiration,  over  and  above  that  which  is  introduced  in  ordinary 
breathing. — ^The  amount  which  can  be  expelled  by  the  most  forcible  expira- 
tion after  the  fullest  inspiration,  and  which  is  consequently  the  sum  of  the 
2d,  3d,  and  4th  of  these  quantities,  is  designated  by  Dr.  Hutchinson*  as  the 
FUal  Oapaeity,  being  that  volume  of  air  which  can  be  displaced  by  living 

tnavements.  This  "vital  capacity"  is  less  dependent  than  might  have  been 
supposed,  upon  the  absolute  dimensions  of  the  thoracic  cavity,  being  yet  more 
influenced  by  its  mobility.  Thus  of  two  sets  of  men  of  the  same  height,  one 
measuring  35  inches  round  the  chest,  and  the  other  38  inches,  the  average 
▼ital  capacitv  of  the  first  was  found  to  be  235  inches,  and  that  of  the  second 
only  226  inches ;  for  notwithstanding  the  greater  absolute  capacity  indicated 
by  the  larger  circumference  of  the  latter,  the  inferior  mobility  of  the  chest 
caused  more  "residual  air"  to  remain  behind  after  the  deepest  expiration. 
By  taking  the  average  of  nearly  5000  observations.  Dr.  Hutchinson  has 
arrived  at  the  very  remarkable  conclusion,^  that  of  all  the  elements  whose 
variation  might  hie  supposed  to  aflect  the  "  vital  capacity,"  Height  alone 
seema  to  have  any  constant  relation  to  it ;  and  that  this  relation  is  capable 
of  being  expressed  in  a  simple  numerical  form.  It  may  be  briefly  expressed 
by  the  rule,  that /or  every  inch  of  stature,  from  five  to  six  feet,  eight  additional 
cubic  inches  of  air  (60°  Fahr.)  are  given  out  by  a  forced  expiration  after  a  full 
iwspiration:  the  vital  capacity  for  a  man  from  5  feet  to  5  feet  1  inch,  being 
174  cub.  in.;  from  5  feet  1  inch  to  5  feet  2  inches,  182  cub.  in.,  and  so  on.' — 
There  is  also  a  relation  between  "vital  capacity"  and  Weight;  but  of  a  dif- 
ferent kind  from  that  which  might  have  been  anticipated.  So  far  as  the 
increase  in  weight  is  simply  proportional  to  the  increase  in  height,  the  rela- 
tion is  of  course  the  same  for  the  one  as  for  the  other.  But  if  the  excess  of 
weight  should  dei)end  upon  corpulence,  the  vital  capacity  decrrasesiu  a  very 
marked  manner,  being  always  very  low  in  corpulent  men.  The  general  re- 
sult of  Dr.  Hutchinson's  observations  on  this  ])oint,  is  expressed  by  him  as 
follows:  When  the  man  exceeds  the  average  weight  (at  each  height)  by  7 
per  cent.,  the  vital  c<tpacity  decreases  1  cub,  in,  per  lb.  for  the  next  35  lbs,  above 
this  weight. — ^The  influence  oi'  Age  upon  the  **  vital  capacity"  is  less  marked 
than  might  have  been  anticipated.  The  general  fact  seems  to  be,  that  the 
"vital  capacity"  undergoes  a  slight  increase  between  fifteen  and  thirty-five 
years,  and  then  gradually  decreases,  the  decline  being  more  rapid  than  the 
augmentation,  so  that  by  the  age  of  sixty-six  it  has  diminished  to  about  ^ths 
of  the  maximum. — There  does  not  seem  to  be  as  close  a  relation  between  the 
"  vital  capacity"  and  Muscidar  Vigor,  as  might  a  priori  have  been  expected, 
and  as  an  attempt  has  been  made  to  establish.*  Cases  are  not  unfrequent  in 
which  men  of  athletic  constitution  have  an  absolute  deficiency,  whilst  others 
by  no  means  remarkable  for  physical  power  present  a  large  excess.^     In  fact, 


*  CTclop.  of  Anat.  and  Physiol.,  vol.  iv,  Art.  Thorax. 

*  f/p.  cit.,  p.  1072. 

»  For  similar  resulu  obtained  by  an  ingonious  method  sucrgosted  by  M.  Grohant 
■ee  Mcd.-Chir.  Rev.,  Report  on  Physiology,  Jan.  1805,  p.  231. 
<  See  Dr.  Jackson  in  American  Medical  Examiner,  1851,  p.  51. 
»  Sc-e  D.  C.  Radclyffe  Hall  in  Trans,  of  Prov.  Med.  and  Surg.  Assoc,  1851. 


886 


OF    RESPIRATION* 


as  Dn  C.  R.  Hall  ba>i  justly  remnrked^  tbis  measure  indicates,  nnt  wbat  %  ^ 
per^oD  doe^  breatlie,  byt  wbut  lie  mn  breiUbe. — The  muximum  **  vitu!  ci» 
parity'*  met  with  by  Br.  HoiL-bm^u  iu  lib  entire  i^eriea  of  ob^ervwIioiMi, waij 
464  cub*  in.;  tbis  was  in  a  man  7  feet  bigh^  wbnse  weigbt  was  3*KH  Jb*.    Tlifl| 
miinrmtm  was  no  more  than  40  cub*  in* ;  tbis  was  id  a  dwarf  (Don  Pmiictfe9)| 
whose  beigbt  was  only  29  inehes,  and  weigbt  4(\  ll>s» 

307.  Bnt  hrmever  constant  tbe  above  averages  may  prove  to  bf»,  wbciQl 
tested  by  a  still  larger  number  of  observations,  it  yet  remains  to  Ixr  drter 
mined  witbio  what  limits  Individ nal  variation  may  range,  witbout  drpartoti 
from  the  standard  of  health.     It  h  considered  by  Dr.  Hntf*hiu^^. 
deficiency  of  16  \yer  cent,  (unless  the  individual  shotjld  be  v^ery  < 
should  excite  su!«picion  of  disease;  bnt  the  observations  of  Dr,i-.  U,  lUil 
(loc.  citO  seem  to  show  that  the  range  is  considerably  wider,  c^jKTially  ia 
females.    They  also  indicate  that  even  a  marked  deficiency  in  vital  cui^ityl 
mueit  not  be  regarded  as  indicative  of  pulmonary  diise^e  l  for  it  may  be  d«-| 
pendent  upon  disorder  of  the  abdominal  viscera,  especially  upoD  congcsttd 
liver. 

308.  lo  estimating,  however,  the  effect,^  of  tbe  Keapiratory  function  wjioo 
the  air  which  passe.^  through  the  lungs,  we  are  not  so  much  concerned  witl 
the  i|uantity  which  majf  be  drawn  in  and  forced  out,  iis  with   that  actoall| 
exchanged  at  each  movement.  The  estimates  of  the  earlier  observer*,  Ilcrbfft,^ 
Valentin/  etc.,  which  ranged  from  10  to  92  cub*  in,,  are  iu  general  in^pcr- 
feet,  liaving  been  baaed  upon  comparatively  few  I'cspimtions^  and  withui 
taking  into  consideration  tbe  many  circumstances  we  now  know  to  exen 
an  influence  upon  the  depth  and  frequency  of  the  rc.*pinitory  acl8,     l>r,  I'^l 
Sm  i  th'^  b as  a  rra n gcd  a  s p i r o met e r ,  by  w h  i ch  th e  q u a n  t  i t y  of  air  i nsi p i  rt  d  roar  1 
be  regif4tered  from  1  to  1,000,000  cub.  in.,  and  therefore  for  any  fteriiKl.    He 
has  u-ed  it  for  24  hours  without  iittermission,  except  for  meals\  and  n*f^^ 
tained  the  quantity  of  nir  inspired  during  sleep,  and  in  almost  tv* 

tion  met  with  during  the  day.  From  numerous  cxfien merit*  u|>' 
persons,  each  extending  over  a  whole  day,  be  found  that  the  averairc  fluftii 
of  inspi ration  was  33,6  cub.  in.  when  at  rest,  and  when  walking  at  \,%A 
and  4  miles  per  hour>  52,  60^  75,  and  91  cub,  iu.,  and  even  107  ctib^  ia. 
when  working  the  treadmill.  If  we  take  30  or  4iJ  cubic  inches  an  the  aff^ 
age  quantity  exchanged  at  each  inspiration,  we  cannot  but  observe  huw  gmaN 
a  proportion  it  beans  to  the  entire  amount  which  the  lungs  usuallv  c<:»i»»«ii»: 
for  the  **  residual  air,"  which  cannot  be  expelled,  is  estimated  bv  Dr.  tlot^ii- 
iusou  at  from  75  to  100  cubic  inches^  and  tbe  **fiupp]emen!af  air/*  wiiicA 
can  oniy  be  expelled  by  a  forced  oxpiratiim,  is  about  as  much  in  ore;  iht 
sum  of  the  tw^o  being  from  150  to  200  cub.  in.,  or  from  5  to  7  timcii  the  **hn 
ing  volume/'  Now  it  is  obvious  that  if  no  provit«ion  existed  f^if  miii|l 
the  air  inspired  with  the  air  already  occupying  tbe  lungs,  the  ' 
penetrate  no  further  than  tlie  larger  air-passages ;  and  as  ibi?'  u  _ 

thrown  out  at  the  next  expiration,  the  bulk  of  the  air  conlaiQt»d  iu  tk  l<ii# 


J  Orn  eit.,  p.  1079. 

■  Tne  I'ulluwiTig  itre  iomd  of  tbe  niaountt  asiigncd  by  different  obser?tn: 


Hertisi,     .  *  .  , 

ViiJimtJiii .  *  .  . 

VitTordt^  .  ,  ,  » 
C<mtliupe, 


20^^  cutiio  lacbcA, 
10^i2  *• 

JO— 20  ** 

7—77  *' 

asio  of  « litre. 


Gr^biiRt,  . 
(Grtfhfttit,  Robin 'i  Joyrniil  dc  rAfidtomie,  t.  i,  p.  5*iS.) 

»  Mitny  of  th©  foi lowing  frtniumenta  respecting  Dn  Edward  Soiitb*«  «ip*rliD«''* 
were  kindly  communicfitcd  by  himielf. 
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would  remain  altogether  without  renewal,  and  the  expired  air  would  not  be 
found  to  have  undergone  any  change.^  That  a  change  is  effected,  however, 
in  the  whole  volume  of  the  air  contained  in  the  lungs,  with  every  inspiration, 
is  indicated  by  the  difference  between  the  inspired  and  expired  air ;  and  its 
amount  has  been  ascertained  by  Gr^hant  by  means  of  his  method,  in  which 
hydrogen  gas  is  inspired,  to  be  that  about  two-thirds  of  the  pure  air  inspired 
remains  in  the  lung,  whilst  the  other  third  is  expelled  mingled  with  two- 
thirds  of  vitiated  air.' 

309.  The  total  amount  of  air  which  passes  through  the  lungs  in  twenty- 
four  houn«,  will  of  course  vary  with  the  extent  and  frequency  of  the  respira- 
tory movements;  and  these  are  liable  to  be  affected  by  many  circumstances, 
but  particularly  by  the  relative  degrees  of  repose  and  of  exertion.  More- 
over, as  any  such  computation  must  be  based  upon  the  datum  of  the  ordi- 
nary volume  of  breathing  or  "  tidal "  air,  it  is  obvious  that  the  estimates  of 
different  observers  must  vary  with  the  amount  they  adopt.  Dr.  £d.  Smith 
found  that  during  the  day  (6  a.m.  to  12  night)  the  average  quantity  of  air 
inspired  by  several  pers(ms  at  rest  was  502  cub.  in.  per  minute,  or  a  total 
of  542,160  cub.  in  (nearly  314  cub.  feet);  and  as  the  average  quantity 
during  the  night  was  about  400  cub.  in.  per  minute,  the  total  daily  amount 
was  686,000  cub.  in.  (397  cub.  feet),  which  is  in  close  approximation  to  the 
results  of  Valentin,  who  estimated  the  total  daily  amount  at  088,348  cub. 
io.  The  quantity  is  largely  increased  by  exertion,  and  Dr.  Smith  computes 
that  the  total  amount  actually  respired  by  the  unoccupied  gentleman,  the 
ordinary  tradesman,  and  the  hard-working  laborer,  would  be  804,780  cub. 
in.,  1,065,840  cub.  in.,  and  1,568,390  cub.  in. ;  and  with  12  hours  of  Alpine 
walking,  as  over  the  Wengern  Alp,  1,764,000  cub,  in.  (1020  cub.  feet). 
When  earr}'ing  the  weights,  as  by  the  soldier  in  his  heavy  marching  order. 
Dr.  Smith  found  an  increase  of  7  cub.  in.  per  minute  for  every  1  lb.  weight 
carried. 

310.  The  alterations  in  the  Air'  which  are  effected  by  Respiration,  consist 
in  its  saturation  with  aqueous  vapor,  the  elevation  of  its  temi)erature  to 
95.5°  or  97.43°  Fahr.,*  and  in  the  removal  of  a  portion  of  its  oxygen^  and  the 
substitution  of  a  quantity  of  carbonic  acid  usually  rather  less  in  bulk  than 
the  oxygen  which  has  disappeared.     Probably  about  4.35  per  cent,  may  bo 
taken  as  the  average  amount  of  Carbonic  acid  added  to  the  air,  at  the  ordi- 
nary rate  of  respiration  ;  whilst  according  to  Vierordt,  the  amount  of  oxygen 
removed  is  4.782  per  cent. ;  the  absolute  diminution  in  bulk  of  the  expired 
tir,  when  deprived  of  the  moisture  which  it  has  acquired  in  passing  through 


*  Sw  Mr.  Jcffreys's  Statics  of  the  Human  Chest,  in  which  this  important  point  lirst 
wcHvfd  due  con»idpration. 

'  St^  for  un  account  of  hip  method  Budgo,  Compendium  de  Physiolosfie,  1874,  p.  78. 

I  The  composition  of  ordinary  atmospheric  air  in  England  is  thus  given  hy  Dr. 
Hillff  (Elements  of  Chemistry,  vol.  ii,  p.  455) : 

Oxvgen,     .         .         .     20.61  Nitric  Aeid,  Ammonia,  and  Car- \ 

v.: ^T  nr.  huretted  Hydrogen,  .         .         .  /  ^'■"^®^^- 

And  in  towns — Sulphuretted  Hy-  \ 
drogen  and  Sulphurous  Acid,      i    races. 

^hen  fully  saturated,  air  at  60°  F.  is  stated  by  Pettenkofer  to  contain  about  4 
Rftins  of  water  per  cubic  foot ;  at  68**  F  it  contains  about  7.  The  average  hygromet- 
'•c-  condition  of  the  atmosphere  at  60**  F.  is  such  that  it  contains  about  3  grains  per 
*'jj[ hie  fool,  or  about  75  per  cent,  of  its  full  saturation.  At  the  ordinary  temperature 
^f  th(>  month  of  July,  the  atmosphere  is  capable  of  containing  nearly  three  time.*  as 
^^<*h  aqueous  vapor  as  in  December;  nevertheless  the  quantity  of  moisture  actually 
P^'^W'nt  \t  generally  greater  in  winter,  owing  to  the  greater  rainfall. 
10   ^^yrich,  Observations  on  the  Insensible  Perspiration  of  the  Lungs  and  Skin, 


Nitrogen,  .  .  .  77.95 
Carbonic  Acid, .  .  0.04 
Aqueous  Vapor,         .       1.40 
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the  lungs,  l)eing  from  .f'„th  to  i-'^th  of  its  volumo,  though  its  weight  owinj!  to 
the  sp.  gr.  of  carbonic  acid  being  greater  than  lliat  of  oxvgeii  is  rather  in- 
creased. Supposing  the  entire  amount  of  air  re!<pirc<f  per  diem  to  be 
1,000,000  c.  in.,  or  578  cubic  feet,  or  8<UK)  gaHons,  as  given  by  Dr.  Smith  for 
an  ordinary  tnidesman,  tlic  abr^olutc  quantity  of  oxygen  withdrawn  from 
the  air  in  the  respiratory  acts  may  be  estimated  at  about  5000  cubic  inche» 
or  1^0  c.  ft.  (=5  jier  cent.);  the  weight  of  which  wouhl  be  about  18.*K)0 
grains,  or  rather  more  than  '2^  ]I)s.  avoirdupois.  A  curious  calculation  hai 
been  madt;  by  Welcker,  to  the  effect  that  the  surface  presente<i  for  aeration, 
by  the  entire  ma.ss  of  the  red  corpuscles  of  the  blood,  amounts  to  no  \em 
than  2810  s<]uare  metri's,  or  estinmting  the  amount  pnipelleil  through  the 
lung  in  each  second  to  be  17fi  cubic  centinuares,  tlie  surface  prcMfnted  by  the 
corpuscles  contained  in  that  qmintity  of  bloml  would  amount  to  87  js«]uare 
metres,  cr  a  square  of  13  military  steps  to  the  side.  It  is  deserving  of  notice 
in  regard  to  the  elimination  of  Carbonic  acid,  that  if  the  air  be  already 
charged  to  some  extent  with  this  giu4,  the  quantity  exhaled  is  much  diniin- 
ishe<r(  Allen  and  IVpys). 

311.  The  absolute  quantity  of  ('arboni(^  aci<l  exhaled  fnmi  the  Lung»is 
liable  to  variation  from  so  nuiny  sources,  that  no  fixed  standard  can  l>e  as- 
signed for  it.     The  mean  of  a  great  number  of  obstTvations,  however,  made 
in  diflerent  modes,  and  under  diiferent  circunmtances,  wouhi  ^ive  about  l<iO 
gniins  of  Carbon  per  hour  as  the  amount  set  free  by  a  well-growu  aduh 
man,  under  ordinary  circumstances.     Taking  this  as  the  average  of  the 
twenty-four  hours,  the  total  quantity  of  Carbon  thus  daily  expired  from  the 
Lungs  would  be  3840  grains,  or  8  oz.  troy,  which  is  equal  to  14,080  grains 
of  Carbonic!  acid.'     According  to  Dr.  Kdward  Smith,  who  has  devised  an 
ap])aratus  by  which  all  the  Carbonic  acid  exhaled  may  l>e  collected  fori 
whole  day  without  intermission  except  for  food,  the  total  amount  evo]ve«lin 
2\  hours  at  nst  (deducted  from  exjHTiments  on  diilerent  ]>ers<>ns)  was  7.144 
oz.  of  (*arI)ou  ;  and  he  estimates  that  it  should  be  increased  to  HA\^  i>z.  and 
11.7  oz.  for  the  non-laboring  and  laborious  classes  res]H*ctively,  at  their  onli- 
nary  rate  of  exertion.     The  chief  causes  of  variatiiju  are, — tlie  Temi»erature 
and  Ilygrometric  state  of  the  surrounding  Mc(lium,  Age,  S*x,  iJevelopiueut 
tif  the  Body,  Nature  and  (Quantity  of  Food  and  state  of  the  Digc-tive  pnr 
cess.  Muscular  Kxertion  or  Kepose,  Sh'cj»  or  Watchfulness,  IVritni  of  the 
Day,  S-ason,  and  state  of  1  health  or  Disease.     These  will  now  be  considered 
in  detail : 

I.  Ttrnfffrniure  of  Snrrouudimj  Mnlium, — The  an)ount  of  Carbonic  acid 
exhaled  l)y  warin-bloodc<l  animals,  is  greatly  iiicrrnttrd  by  external  C(i/t/,and 
(limhiij</irtl  l)y  Iftat.  From  Lct«'lli<'rV"  ('X|M-riments  it  appear  that  the  quan- 
tity of  Carl)oni('  acid  exhaled  by  Mammals  between  8() '  and  106^,  Lj  \e» 
tiian  //fi//'that  set  free  near  tln!  fre<»zing-|Miint ;  whilst  that  which  is  exhiled 
betw<*en  59'^  and  (»M'^  is  but  little  more  than  tiro-thlnh  of  the  same  aniouuL 
The  diminution  o<-easioned  l»y  heat  is  still  mon^  renuirkable  in  Binl!«:  which 
exhale  at  tlie  highest  teniperatun?  si*areely  more  than  onv-ihird  i)f  that  i*l 
free  at  tlu^  lowe.-t. — The  obsrrvations  of  Vierordt"^  up(m  himself  show  thai 
the  same  is  true  of  the  Human  subject  ;  and  a  difference  of  10^  Fahr,  ac- 
cording to  liim,  producing  a  variation  of  rati)er  more  than  two  cu I )ic  inches 
in  the  amount  of  Carbonic  aeid  hourly  (expired.     Dr.  Kd.  Smith  found  thai 

'  Silijirliiii:  i'.-tiMi:it«'«l  tin-  lii.nrly  pliminHtioii  f»f  Cnrboriic  Aeiil  lo  bi»  *»n  iho  ■^-'f; 
ii<ri.  ;;<;  irrunirin's,  nr  ')')•>  ;;riiiii-,  urnl  by  Paniiin  it  id  i^iven  us  34  grHsninu  or  tU-J 
^rjiiri"*. 

-  Annal»"i  ib-  ('hiiiiif*  «'t  <!•' rii\>ii|u«'.  IHJ.j;  and  M.  Boussiiiigauh's  Memoirwil* 
C'liiriiii*  Ai^rirnlr  iM  i1«>  I*li\>i'»Iiif;ii',  IK.'fl. 

'   l*liy-i«»lM^ii.  i.lr-  Atlimi'ri.-,  yy.  1''\  ^2. 
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sudden  increase  of  temperature  occasioned  sudden  decrease,  in  an  increasing 
ratio,  in  the  quantity  of  Carbonic  acid  ovolve<l,  amounting  to  1.3  grain  per 
minute  for  16^  Fahr.  of  temperature;  but  that  in  experiments  continued 
over  long  periods,  there  was  the  greatest  diversity  in  the  proportion  of  Car- 
bonic acid  evolved  to  each  degree  of  temperature. 

II.  That  the  Hygrometrie  hUiU  of  the  Air  influences  the  rate  of  exhalation 
of  Carbonic  acid,  appears  from  some  experiments  by  Lohmann  made  with 
this  express  view.  For  he  found  that  while  1000  grammes*  weight  of  Pigeons 
yieldc<i,  in  dry  air,  6.005  grammes  of  Carbonic  acid  per  hour,  at  the  tem- 
perature of  75°,  and  4.69  grammes  at  the  temperature  of  lOO'',  the  same 
aoimals,  in  moigt  air,  yielded  6.709  grammes  at  73°,  and  7.76  grammes  at 
100°.  And  while  1000  grammes'  weight  of  Rabbits  exhaled,  in  dr^i  air, 
0.451  gramme  per  hour,  at  a  temperature  of  100,°  they  exhaled  as  much  as 
0.677  gramme  m  a  moist  atmosphere  at  the  Hame  temperature.^ 

III.  The  amount  of  Carbonic  acid  exhaled  increases  in  both  sexes  up  to 
about  the  thirtieth  year ;  it  remains  stationary  until  about  the  forty-fifth  ; 
and  it  then  diminishes.  Thus,  according  to  Andral  and  Gavarret,'  at  8  years 
of  age,  77  grains  of  carbon  are  excreted  per  hour^  at  14  years,  126  grains; 
at  20  years,  166  grains ;  at  48  years,  162  grains ;  and  at  76  years,  92.4  grains. 

IV.  Sex, — At  all  ages  beyond  eight  years,  the  exhalation  is  greater  in  Males 
than  in  Females.  Nearly  the  same  proportionate  increase  takes  place,  how- 
ever, in  Females,  up  to  the  time  of  puberty;  when  the  quantity  abruptly 
ceases  to  increase,  and  remains  stationary  so  long  as  they  continue  to  men- 
Btruate.  When,  however,  menstruation  has  ceased,  the  exhalation  of  Car- 
bonic acid  begins  again  to  augment;  and  then  again  diminishes,  with  the 
advance  of  years,  as  in  men.  Should  menstruation  temporarily  cease  at  any 
time,  the  exhalation  of  Carbonic  acid  immediately  undergoes  an  increase, 
precisely  as  at  the  final  cessation  of  the  function.  And  during  pregnancy, 
the  exhalation  increases  in  like  manner. 

V.  Development  of  the  Body, — ^The  more  robust  the  individual,  cu'tiria pari- 
frtM,  the  more  Carbonic  acid  is  exhaled ;  and  the  variation  is  much  more 
influenced  by  the  development  of  the  muscular  system,  than  by  the  height 
or  weight,  capacity  of  the  chest,  etc.  Thus  a  very  strong  man  of  twonty-six 
years  of  age  exhaled  at  the  rate  of  217.1  grains  of  carbon  per  hour;  while 
a  man  of  mcKleratc  muscular  power  set  free  but  16JK4  grains  in  the  same 
time.  Another  robust  man  of  sixty  years  of  age  exhaled  at  the  rate  of 
209.4  per  hour;  and  an  old  man  of  ninety-two  years,  who  still  preserved  an 
uncommon  degree  of  energy,  and  who  in  his  younger  days  had  hoiisted  of 
extra^inlinary  muscular  powers,  exhaled  at  the  nite  of  135.5  grains  per  hour. 
8o,  also,  a  remarkably  vigorous  young  woman  of  nineteen  years  exhaled  at 
the  rate  of  107.8  grams  per  hour;  and  a  strong  woman  of  forty-five  years 
(who  had  ceased  to  menstruate),  152.4  grains. — On  the  other  hand,  a  slender 
man  of  forty-five  years  in  the  enjoyment  of  good  health,  only  exhale<l  at 
the  rate  of  132.4  grains  per  hour  ( Amlral  and  ( iavarret).  In  Dr.  Ed.  Smith's 
exfieriments  the  quantity  of  carbon  exf)ired  per  diem  to  each  1  lb.  of  body- 
weight  was  17.07  grain.s,  17.51  and  17.99,  at  48,  39,  and  33  years  of  age  re- 
spectively. 

VI.  Nature  and  Quantify  of  the.  Food^  and  Staff,  of  the  DiyvMivp  Proct'sn. — 
It  is  well  established,  that  the  exhalation  of  ('arbonie  aeid  is  greatly  increas<'d 
by  eating,  and  that  it  is  diminished  by  fasting.  Thus  Prof  ScharlingstaU's 
the  hourly  exhalation  to  have  increiused  in  one  instance  from  145  to  li)0, 
after  breakfast  and  a  walk ;  in  another  from  140  to  177,  after  breakfast  alone ; 
and  in  another  from  111.9  to  188.9,  after  dinner.     Dr.  Kd.  Smith  on  several 

'  Lchniiinn,  Op.  cit.,  Bd.  iii,  p.  304.     '  Annules  dc  Chimio  et  do  IMiyeiqun,  1843. 
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occa;?ii>iJs  farted  for  more  ihaii  twenty*foiir  hour*,  and  calketi?(1  a!I  tbe  Cn^r^ 
boiiicacid  exhaled  during  the  wholt*  periixl,  or  during  ten  mioutes  at  each  hnm 
of  the  waking  day.     Ho  found  the  total  daily  amount  of  earbou  exhaltd  a| 
rest  and  wliilat  fasting  to  be  5.923  oi. ;  and  there  waa  scarcely  any  vtimiii^H 
in  the  hourly  quantity  during  the  hours  of  tbe  day*     He  noiieed  that  tber* 
was  a  line  below  wbieh  the  quantity  of  Carbonic  aeid  did  not  full,  durtnj 
waking  hours  in  health  ;  thi^,  which  be  ha^  termed  ilje  ba^il  imt*,  w  thai 
abserved  at  rest  and  in  tbe  absence  of  food.     The  increase  above  that  liu< 
which  is  caused  by  food,  seldom  exceeds  onehalf  of  the  bajal  ijuaolity.  c 
about  3  grains  per  minute.     He  has  shown  that  tbe  increase  is  from  *2  in 
grains  per  minute  after  breakfttst  and  tea,  and  from  1  to  2  grains  pt^r  miuuta 
after  early  dinner,  whilisl  be  scarcely  fonml  any  increai»e  after  supper.    H^ 
has  examined   ihe   influence  of  Dumerrmji   foo4^,  as  flesh,  fkh,  annimrn; 
gdatiD,  bread,  rice,  oatmeal,  cane,  grape,  aod  milk  sugar,  railk,  tea,  Cf»(FcCt 
cocoa,  Btareh,  gluten,  butter,  olive  oil,  alcohol,  rum,  giu,  bniiidy.  sherry,  Jitid 
port  wine,  beer  and  spirits.    All  nitrogenous  foods-— gluten,  casein,  flesh,  fbh^ 
albumen,  aiHi  gelatin — increased  the  evolution  of  Carbonic  aeid  to  tbe  extent 
of  I  to  1  grain  per  minute;  but  tea,  coffee,  bread,  rice,  oatmeal,  milk,  and 
BUgar  inereaae^l  it  from  1}  to  3  grains  per  minute.     Fats  and  stanch  did  n4 
inerease  it;  alcohol,  rum,  and  ales  increased  it  from  i  a  grain  to  2  gmint 
per  minute,  whilst  brandy  and  gin  decreased  it,  and  3  ounces  of  wine  exrrtci 
but  little  influence.     The  inhalation  of  the  aroma  of  wines  decrease!  it 
All  Dr.  Smith*&  experiments  were  made  in  tbe  sitting  posture,  at  r«^t,  Mtm 
breakfast,  and  upon  one  substance  alone  in  moderate  quantity*  the  *hm  of 
which  wass  repeated  every  ten  or  fifteen  minutes,  until  tbe  mttximum  influ* 
enee  liad  been  obtained.     With  sugar,  alcoholic  liquids,  tea,  collec,  the  m<u* 
imum  influence  was  observed  in  from  twenty  to  thirty  minutes;  but  with 
bread,  oatmeal,  milk,  and  flesh,  it  was  commonly  later,  and  continufHl  frnm 
IJ  to  2i  hours.     With  sugar  and  tea  there  was  frequently  an  incrca?=puf  1 
grain  per  minute  in  less  than  ten  minutes.     The  whole  of  tbe  Carbonic  nM 
exhaled  during  five  minutes  at  a  time  for  two  hours  wtis  collected  and  weiglie^J; 
the  percentage  was  not  sought  for,     I>r.  f^mith  has  called  attention  to  tlie 
separate  action  of  the  alcohol,  aromas,  sugars,  and  nitrogenous  matleri  in 
each  of  the  alcoholic  compound:?.     Similar  though  l^s  extended  andm-Hrrt 
observations  have  been  made  by  Vierordt,  Bidder,  Schmidt,  and  Perrio/ 
and  others,  which  generally  corroborate  tbe  coucln§ioQ;s  drawn  by  Dr  t 
Smith. 

viL  Mimndfir  Exertwn  or  Rtpofte, — The  effect  of  bodily  exercise,  id  mod- 
eration, is  to  produce  a  considerable  increase  in  the  amount  of  Carbonic  m^i 
exhaled,  bolb  during  its  eontinuaoee,  and  for  &ome  little  time  sub*et|UiititJf 
to  its  ce^ation.  According  to  the  observations  of  Vierordt,  the  iucfe»« 
amounts  to  one-third  of  the  ijuantity  exhaled  dnrbg  rest,  and  it  la^it*  fftf 
more  than  an  hour  aftej^wards;  being  manifested  in  the  greater  ounutiiyrf 
air  rej^pired,  and  in  the  larger  percentage  of  Carbonic  contained  in  it-  If  I 
the  exercise  be  prolonged,  however,  so  as  to  occasion  fatigue,  it  is  eiiccwtW 
by  a  diminished  exhalation. — Dr.  Ed,  Smith  found  that  whil&t  walkiigtl 
two  and  three  miles  per  bonr^  tbe  quantity  of  Carbonic  acid  evolved  ttf 
18.1  grains  and  25.83  grains  per  minute,  which  are  respectively  IM  lo*^ 
2.64  times  more  than  that  eliminated  in  the  quiet  sitting  po«iture*  Wtl* 
tread  wheel  labor  tbe  quantity  varied  from  42»9  grains  to  48*0G  gralt)^  Afitf 
tbe  exertion  bad  ceased,  the  increase  continued  for  some  time*  aud  oott^* 
least  exertion  conid  be  made,  even  when  sitting,  without  disturbing  th* 
faults* — In  the  experiments  of  Pettenkoler  and  Voit*  the  following  iwull» 

'  Cumplei  fi«ndus,  1&64,  p.  257.       »  Muneheaer  Akad,  Bericbie,  ISttT,  Efo.  W- 


EFFECTS   OF   RBSPIKATIOIT   01?   THK    AIS. 


391 


Feriod  of  the  di 7. 


Tdtftl  in  Zi  bourii . 


Elittilnntioii  of 
C(h         f         HO 

Luii^^j  in  gralps!. 


82G.0 
&8G.8 


14118 


533. » 
749.8 


128a.6 


Anvftunt 
of  Oxvg^-n 


736.1 


I09d.7 


Pt!n:i?tiea^e  of  lh« 

iQQiplred  Oiygen 

Ib  tbeCarbonfi- 

Add. 


A  few  dajs  later  the  same  man  worked  till  exhausted. 


Thy,.  . 


1371.1 
619.4 


TolmJ,  ......  I     1990,5 


14^183 


316,5^ 


4.SU.9 
10226 


]47@,i 


36ia 


887  9 
6d2 


406  1 


ohtmrnefl  !ii  the  case  of  a  healthy  mao,  M.  28^  wei|*hmg  1*^2  lbs*,  fed 

I  ordinary  diet,  engaged  in  reading  and  eleaDing  watthe^,  and  extending 

ofer  lw«Qty-four  hours: 

N 

^^^■^      6  r,M;^6  A.M. 

I   ~' 

■  Afew 

H 

^^  The  connection  hetween  muscular  exertion  and  the  exhalntiou  of  Car- 
bonic  acid,  \^  must  remarkably  shown  m  Insects;  in  which  animals  we  may 
Witney  the  rapid  transition  between  the  opposite  conditions  of  extreme  mus- 
cular exertion  and  tranquil  rejwse-  and  in  which  the  effects  of  the^^e  upon 
the  n^ptniti>ry  process  are  not  masked  by  that  exhalation  of  Carbonic  aeiil^ 
whirh  h  rer|uired  in  warra-bliKwietl  an i mala  simply  for  the  maiutenance  of  a 
fixeil  tem[>eratnre.  Thus  a  Hum  hie- Bee  was  found  by  Mr.Kewport^  to  pro- 
duce une-third  of  a  cubic  inch  of  Carbonic  acid  in  the  course  of  a  i^iugle 
Itftgrur,  during  which  its  whole  body  was  in  a  slate  of  constant  movement, 
woiD  the  excitement  re^iulting  irom  its  capture;  and  yet,  during  the  whole 
twenty-four  hours  of  the  succt^edtng  day,  which  it  passed  in  a  state  of  com- 
mrative  rest,  the  quantity  of  Carbonic  aeid  geuemted  by  it  was  absolutely 

vin,  Sieep  or  Watrhfuine^s. — The  amonntof  Carbonic  acid  exhaled  during 
«Ieeri  b  considerably  less  than  that  set  free  in  the  waking  state.  This  is  par* 
ticnlarly  shown  by  the  experiments  of  Scharling;*  who  f*t>nfined  the  subjects 
of  them  in  an  air-tight  chamber,  within  which  they  could  sleep,  take  their 
tneaK  etc.  Thus  in  one  case  the  hourly  exhalation  sank  from  160  to  11)0, 
in  another  from  194J  to  122*3,  and  in  another  from  99  to  75,L  With  cus- 
tomary fooil  and  exercise  Pettenkofer  and  Voil,  in  one  experiiiieut  found 
that  of  the  total  amount, of  Carbonic  acid  eliininaled  during  24  hours,  58 
per  cent,  was  given  off  during  the  12  hours  of  the  day,  and  42  |3er  oeiU  dur- 
ing the  12  hours  of  the  night;  whilst  33  per  cent,  of  the  oxygen  wjis  taken  up 
by  day,  and  67  by  night.  Dr.  Ed.  Smith  found  that  4S8  and  4.99  gr?.  of  Car- 
bonic acid  were  exhaled  per  minute  during  light  sleep  from  1  lo  3  a-m*,  and 
he  estimates  the  ijuantity  in  profound  sleep  at  41  grs.  He  als)  observed 
that  o.T  gTS-,  5.94  grs.,  and  6.1  grs,  per  minute  were  evolved  at  1.3n>  *2.<30,  and 
6J5  A*M.,  whilst  awake,  the  average  amount  during  the  waking  day  being 
9J7  gi's.  per  minute  in  the  same  person.  The  cause  of  this  result  is  partly 
to  be  sought  in  the  cessation  of  all  muscular  exertion  (save  that  concerned 


PbiloB.  Trantact.,  183*1 
*  Aun.  der  Chem.  and  Phnrm.,  1843;  trftnsh  in  Ann,  de  Chim*  et  de  Fhys.,  1843. 
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ID  tlie  mnintenauce  of  the  re'?  pi  rat  ion);  nucl  partly  in  the  dimitiitlioQ  io  tin 
dissijmljtin  of  the  heat  of  the  body  it^self. 

IX.  Period  of  the  i>ay.~lDdependeQtly  of  these  variatloiis^  which  Irtn 
their  source  in  the  conditioD  of  the  iDdividualf  there  is  reason  lo  Wkw 
that  there  b  a  diurnal  cycle  of  change  in  the  quantity  of  Carbtiaic  ai^kl  ^• 
haled;  the  Jiuutlmmn  being  {eaierii  paribrts)  before  and  after  nfi^o,  Add  tba 
minimum  before  and  after  midnight*     Frora  (he  experiments  of  Sduuiuif 
upon  the  Human  subject,  it  would  appear  that  the  average  [■ 
baled  by  day  to  that  exhaled  by  nigbt  is  ai  1^  to  1 ;  and  this  ». 
not  seern  to  Ije  affected  by  sleep  or  wakefulness,     Dr,  Ed,  i^mith  Umni 
the  quantity  of  Carbonic  acid  varied  at  every  moment;  and  thai  thinil 
gimilar  hourly  yuriationi;  in  the  quantity  of  Cartionic  acid  evolyed,  n*  in 
rate  of  pul&iitkms  to  which  we  have  already  referred.     There  ^m  the  la 
during  the  middle  hours;  of  the  night,  a  slight  increase  with  sunlight,  a  laxp 
increase  nhcr  the  meals,  and  a  decreai^e  liefore  thero,  and  a  prohngwl  aijd, 
inevitable  fall  at\ef  about  9  o'clock  p,m.    The  proportion  in  the  night  of  *it 
hotirii  to  the  day  of  IS  hours  vrm  in  him??elf  a§  1  :  1.8,     Most  pennons  iirtj 
conscious  of  a  greater  difficulty  In  bearing  exposure  to  cold  betwe^^n  md-T 
night  and  early  morning,  than  at  any  other  period  in  the  tweoty-fbur  hmn}^ 

X.  8€n^n,--Dr.  Edward  Smith  has  inveitigated  the  influence  of  ^a*oii  br^ 
determining  tho  amount  evolved  at  rest,  in  the  sitting  i^ 
breakfast,  daily  throughout  the  year^  and  hns  fuund  that  tl     _ 
occurs  in  April  and  May  ;  that  there  is  a  decrease  couiinendu^  lu  Juiii',au4 
continuing  progressively  through  June,  July,  and  August  in  J^^pT^mUf; 
and  that  in  October^  November,  and  EJecejiiber  then?  is  an   i  ih  i 
consideris  that  there  is  a  maximum  [>eriod  (end  of  Winter:!  ,i' 
tuinimum  period  (end  of  Summer  to  Autumn)^  an  increa-   i^  | 
ter),  and  a  decreasing  pcrjod  (early  Summer).     The  extrtij^L  J   - 
of  Summer  was  *3  grains  of  Carbonic  acid  per  minute,  or  33  per  cfut,  W 
on  the  monthly  average  the  hjss  was  17  or  18  per  cent.     He  ha^*  appli»il  tJii* 
to  the  causation  and  treatment  of  disease,  and  has  shoivu  that  tlie  infloiijce  j 
of  the  rotation  of  the  seasons  is  a  prime  element  in  the  vis  fH«/i>j*/n'  -  ^' ■ 
Temperature  and  Baru metric  pressure  to  some  extent,  bot  very  in*; 
explained  the  results.     A  medium  temperature  was  accom|:ianied  by  um  h* 
diverse  quantities  of  Carbonic  acid  at  the  diflcrent  seasons,  but  eitn^n 
exhibited  markLMl  influence. 

XI.  Freijnetmt  of  Rt'^itlmtioih—XieroTdt^  found  that*  if  he  only  msptrrf  1 
m^  timciJ  iji  a  minute,  the  quantity  of  Carbonic  acid  wan  5*5  p^  -tbft 
whole  air  exhaltxl ;  with  fu't^t<^  rcBpi rations,  it  was  4*2;  with  %  il 
was  *i.3;  mlh  Jhriyei^ht,  it  wa.^  3.0  :  and  with  tiHJ<^/y»tf:r,  It  wa-  J 'i  ;      rvjjL 
In  *»ome  of  the  exi>erimenl«  of  Me^rs.  Alleu  and  Fepys,  it  ^n-  :i-  rim-b  a«  ' 
8  per  cent.     If  the  breath  be  held  for  40  seconds  ( Vierordij,  or  IW  Mx^iiidi 
(Steiuu ),  the  pro|K)rtion  of  Carl  ionic  acid  may  rii^  to  upwards  of  7^  p»^r  c^^nu  , 
Bud  if  the  same  air  be  breathed  over  and  over  again,  ihi  proportion  msj 
attain  B  per  cent,  (Muller,  Setschenow), 

xn,  ^iile  of  Hmlth  or  Dimme. — Upon  this  very  Important  cauntf  of  Tiri*j 
ation,  few  aceumie  researches  have  yet  been  made.    The  pm^tmia^  rf  Q^-j 

'  Pi^rhaps  the  ftnaHer  quuniky  of  CO,  ^xhulcd  by  aight  thnn  by  iltiy  U  do**  ^ 
food  b^int*  taken  nt  ilitb  ttmo.     8t>e  tJie  (.'XpentiiLHits  of  Ib^nrn^b^^rg,  £.  Sclalii^l 
Marker^  Basse  on  Sheep,  in  Cmilralbbtt  f  d.  Mf^d    Wis.*.  Hs^TG.  p,  S4a.  1 

'  Physiobgie  6.v*  Aihtnensi  pp.  Kfg-HU.     pHniim  (Piio^^r'ii  Artbt*^.  B4  l)m| 
Borg  ^Areblv  f,  Kim.  Mod,»  Bd.  vi)  nrrived  i*t  the  FHftn*  result*  ly  Vieft»«sft,^| 
lioa^cn  (Zeitaehrift  f  Biologie)  thinks  that  ivheit  the  ro*pir»tit>n?  Ar<>  itmply  iocrhwrf 
in  numb<:?r  in  n  givijn  time  their  greiiif  r  HhaUownes*  compensatiss^  fur  Ihoir  lt»c*«»«^ 
frequency,  and  no  mc>r@  CU,  It  given 'vC 
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htm\f*  acid  lu  tlie  expired  air  has  been  fuund  to  be  unusually  great  m  the 
E  sa « 1 1  he  m  a  ta ,  an  din  c  h  ron  i  e  Bk  i  a  -d  L^ease.^  ( M  a  opr  regor ) ;  ^  a  u  d  i  t  b  ayi  bt^ea 
stated  to  be  di*i»iiii^hed  in  Typhus  ( Malcolm ),-^ — Tbitsi,  the  avt^mge  propter- 
tkiii  in  heal  lb  heiDg  alwmt  4.3  j:>er  cent.  ( Vierordt),  it  has  hi^n  .^i^en  at  8  per 
cent*  in  conllaeut  tSmall-pcrx,  at  5  (ler  cent,  in  Mea^sles,  and  at  7/2  per  t-ent. 
in  II  tievere  ease  of  Ichthyojiii^  wbich  terminated  Jlfilnlly;  whilst  in  Typhus 
tb*?  percentage  has  been  found  to  range  from  IAS  to  2.50,  But  these'state- 
menU  du  not  indicate  the  total  quantity  exhaled  in  each  cfliie,— The  remark- 
able iocre«i8e  of  the  exhalation  in  cases  of  Cbloronis  has  been  already  noticed; 
10  fimr  cases  recorded  by  Hannover,  the  hourly  expiration  was  123.6,  118.0, 
110,1),  and  10(>,J^  grains ;  the  afa#olnt€  qiiaulity  diminishing  as  tbe  respira- 
tions increased  in  rapidity. — In  chronic  dii'eases  of  the  respiratory  organs,  us 
tuigbi  be  antici|iated,  the  amount  of  Carbonic  acid  exhaled  undergoes  a  sen- 
sible diminution  iNysten'  and  Hannover).*^Furlher  researches  are  murb 
needed  on  this  subject;  but,  for  obvious  reasons,  they  cannot  be  readily 
made  in  severe  forms  nf  di.^ase.— The  greater  part,  if  not  tbe  whole,  of  tbe 
Oxygen  ftl>s^jrbe<i  in  ro^piralicju  is  again  eUminated  in  c^^rabi nation  with 
Carbon  as  Carbonic  acid.  In  tbe  *)rigiual  experiments  of  Lavoitiier  on 
Gutuea<pigs,  81  per  cent,  of  the  Oxygen  thua  reappeared,  the  remaining  10 
per  cent^  whicb  disappe-ared,  were  believed  by  him  to  unite  with  hydrogen 
to  form  water*  Tbe  results  of  Regnault  and  Reiset's  experiments  on  vanoua 
Eoimals — mammals,  birds,  reptiles,  iiutects,  and  annelids* — were  almost  pre* 
cicely  tbe  same  ;  tbe  general  average  being,  that  for  each  ktlogramme  of 
weight  of  tbe  animal,  there  were  absorbed  ptir  hour  ^^♦O^IO  grannnas  of  oxy- 
gen ;  wbiUt  there  were  exhaled  3,2o44  grammes  of  Carbonic  acid  ;  and  they 
found  that  80,5  per  cent,  of  tbe  Oxygen  absorbed  was  discharged  in  comhi- 
HAtion  with  the  Carhoti,  hni  considemble  variations  ocetirred  connected  with 
the  nature  of  the  food,  a  larger  proportion  of  the  Oxygen  absorbed  being 
combined  with  Carbon  when  tbe  food  woj?  rich  in  Carbon,*  amounting  in 
Ruminant.^  to  about  100  per  cent.     Pettenkofer  and  Voit^  also  found  the 

{m>portion  of  Oxygen  cliininated  in  the  form  of  Carbonic  acid  varied,  in  a 
arge  dog,  from  o2,4  to  148.2,  according  as  .he  was  kept  altugether  without 
food,  or  was  fed  U|Hin  a  mixed  diet  of  menteud  i?ugar. 

Tbe  table  (p.  3^1)  shows  a  remarkable  excess  of  tbe  diurnal  against  the 
nocturnal  elimination  of  Carbonic  acid,  especially  after  work,  and  a  corre* 
eponding  increase  in  the  ptTcenlage  of  the  absorbed  fJxygeu  which  is  thus 
diecbarged.  On  the  other  hand,  the  absorption  of  Oxygen  appears  to  lake 
place  nioflt  energetically  during  the  night,  whilst^  taking  tbe  whole  period  of 
24  h  o  u  Di  i  n  I  i>  co  t»  &  i  de  ra  t  i  o  n ,  i  t  a  p  |>ears  that  in  both  setj*  u  f  ex  peri  m  en  ts  f r*  mi 
94  to  98  per  cent,  of  the  oxygen  abiiorhed  is  eliminated  in  combination  with 
Carbon  as  Carl^onie  acid.  In  other  and  still  more  recent  re^earche?!,  the 
earae  ditference  was  not  ol^erved'*  between  tbe  day  and  night  absorption  of 
Oxygen  and  elimination  of  Carbonic  acid,  and  no  definite  statement  m  to 
the  exact  proportion  can  therefore  as  yet  l>e  made.     The  elimination  of  Urea 


»  Edhih    Mtmlhly  Journftl,  3843  *  Report  of  Brit  As^oc,  1843,  p.  87, 

i  Jtecherelir*  d«  Physitikigio  tjt  de  Chiroie  Fwthulni^iqtje,  IHll. 

*  !>,'  IjunntitHte  relittiVR  ct  abfivlut*  Acldi  CurbouK-i  nb  Huniiao  Siino  et  M^^Toio 

*  S(?fi  LtmgeVs.  Phyaiolagip,  ISSK  I  i,  p   556. 

'  Kowiik-wsky,  AfL^oic5n  nua  dcr  Physiob  Ansbilt  zu  LeipKig,  ISftT,  p.  S3,  wns  anly 
•bfo  k*  obtain  wtmui  50  per  cvni.  of  lUe  tixyjren  libsorbed  in  Ibt*  CHrbonic  fluid  ex  billed, 
\y  ni«'4>M»  of  hh  ni'W  nppHriLta^,  in  rhbbiU  ivd  on  cnbb«ge  leiivc*s. 

"^  Prpf  Htioijiiinn'*  AttdrtPSs  On  tlic  It^Inlion  of  Fm^d  to  Work,  Bn!.  Hwl.  Aaso* 
cihtion  He«tingt  August,  18G8.  *  Up.  cit*^  Fobrmiry,  18ti7, 
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eorr&^poudec]  In  its  variations  to  that  of  the  Carbonic  iwjid,  bciog 
grammes  hy  day  and  15,5  grummet  by  mghL 

312,  The  e*fet*t^  of  exposure  to  increa^ied  atmospberie  pn^sur^  bare  bt-fli 
made  tbe  ^-ubject  of  escperiment  by  Vivenot/  C.  W,  Miiller/  Paul  Ikrl,*  ai4  ^ 
PaBum,*  but  have  be<gt  been  illui^trated  by  the  nb^ervatioiis  madt^  by  DrJ 
Jamiuet'^oti  himself  and  on  the  workmen  enga^d  in  the  construction  c*ftfii 
Illinois  and  St.  Louis  Bridge  over  the  Miad^^ppi  River.     In  the  counw  ^it 
this  uork  tbe  men  were  engaged  In  extmvationa  t^ndnct^d  at  a  de|*th  of  llSl 
feet  below  the  level  of  the  surface  of  the  river,  the  pri?***ure  of  the  iiir  dica  [ 
amounting  to  upwards  of  fifty  pounds  on  the  square  inch  of  ihpir  b^^idice,  iW 
elusive  of  the  ordinary  atmospheric  pressure  of  fifteen  ponnde  on  the  squa 
inch.     No  111  effects  wei-e  observed^  even  when  the  pre^^ure  wa^i  greatti 
whilst  tbe  men  were  working  in  the  air-chamberfi ;  it  was  only  on  uuddimtj 
emerging  that  great  eshaustionj  pain  in  the  epigastrium  and  §pioe»  i^ic' 

paraplegia,  involving  the  bladder  and  rectum,  and  even  dtfath  acei 

Great  care  was  taken  that  on  entering  and  leaving  the  air*ehambi'ra~Sf^ 
workmen  should  remain  for  ten  minutes  or  more  in  lock  chambers,  in  whidlj 
the  pressure  was  gradually  increased  or  diminished*     The  puis**?  and 
tion  usually  rose  in  frequency  on  exposure  to  the  augmeuted  prts^^uf^l 
free  perepi ration  occurred  ;  hut  it  must  be  rememberetl  that  the  air  chHiulwfi^ 
were  small,  and  the  temperature  in  them  was  many  degrees  above  that  < 
open  air.     The  Urine  and  Urea  were  at  the  same  time  inei^aaed,     S|i 
generally^  there  seems  to  be  reason  for  believing  that  under  the  condft 
to  which  the  men  were  liere  ftubject*  with  moderate  preetiure  (20  lb»,  in  tkil 
square  inch),  the  activity  of  the  physiological  fuuctious  wa^  an. 
though   there  seemed   to  be  a   reaction   on   return   to  ordinary 
lu  the  cases  in  which  death  occurred,  the  Brain  and  Spinal  Cur^l  xmhk  luiiiiij 
to  be  highly  congested,  and  their  cavities  tilled  with  serum,     M.  Vivtim^fl 
experimen IS  found  that  an  increase  of  pre^ure  amounting  to  oue^fiftli  *il  tbcj 
normal  decreas^ed  the  res}>iratJon  two,  and  the  pulsatioug  ten  \h*v  njinutft.1 
The  proportion  of  gstses  contained  in  the  blood  is  only  to  a  slight  exteui  rir* 
]>endent  on  the  pre.ssure,*    The  recent  esperinjents  of  M,  P.  Beri'  l*art,  fmut 
ever,  yhown  that  when  aninial!^  are  made  to  res^pire  pure  oxygen  ^ 
a  prcssure  of  hve  or  six  atmospheres  (or,  which  is  the  same  thing,  ' 
preseure  of  the  ordinary  air  ij^  rais*ed  to  20  atmospheres)  it  acts  likts  ai  poiiira  | 
— coBVulsions  re^mhling  those  pMneed  by  strychnia  occurring.    Th^»pH 
in,  in  dogs»  when  the  blood  contains  about  10  fier  cent,  more  oxygtin  lluw 
normal,  and  it  is  remarkable  that  the  convubions  et^ntinue  a(l<*r  tW  anirusl 
has  been  withdrawn  from  the  pressure  and  its  blood  only  eoutuins  liit*  iw^l 
proportion  of  oxygen.    The  effects  of  diminution  of  pressure  In  *omf  rl*^n.•e^ 
riiscm  ble  those  ot'cxal  ted  pre^asu  re.    Tb  us  Hoppe*  observed  that  whin  nib  wvit 
placed  under  tlie  receiver  of  an  air-pump  and  exhaustion  made  till  the  jm-j^ufp 
was  reduced  to  2  inches  of  mercury,  fainting  and  convulsion  w*^n^  imliictfip 
and  when  it  was  reduced  to  IJ  in,  (40  mm,),  death  oc<*urreii  api^mntl? 
from  the  evolution  of  gas  in  the  t^pillaries  of  the  lunge,  which  ian^t^ni  the 
passage  of  the  blood.    The  singular  ettects  observed  by  Glaisber*  in  hiil^ftf 


*  Virchow'»  Archiv,  Bd,  xxxiit,  ■  ZeiL?chrifl  for  mt  Med,,  Bd,  xwdii 

*  Cumptes  Hendu!^  L  lixiii,  pp,  21S|  IjOS,  fttid  Lofona  &ur  In  KfTSpirali^n^ 

*  Pflnger's  ArchiVj  Bd   \. 

*  Physical  EO'ect^  of  Compre^ied  Air  obier'^ed  in  the  Constraction  of  th«  lllin**^ 
tFid  St.  Lonif  Bridge,  1871. 

*  MMthieu  und  Urtmin,  Compter  BeTidus^  1671,  p.  216. 

*  Uotnplfts  K*'ndu*  de  TAciid  di*s  Sciences,  187SE-78. 

*  MulU-r'*  Archiv,  1S57,  p.  fi3. 

*  UJnishur,  Art.  Acroniiutics,  Encjdop.  Britunnica,  1875,  p.  ir^7. 
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at  atj  altitude  of  7  miles,  viz./lo3S  of  power  in  the  arras  and 
vkioo,  and  syncope,  were  probably  due  to  the  sudden  and 
ecimbtneft  bflueuee  of  cold,  and  an  iniufficient  supply  of  oxygen.  Less 
Qiarked  phenomena  characterize  the  condition  known  ti  Alpine  climbers  a^ 
the  Mai  de  montagne.  They  appear,  however^  at  much  lower  hveh  than  iu 
aeronautic  ex|:>editionsj  on  account,  probably,  of  the  muscular  fatigue  and 
want  of  sleep  undergone.  The  gymptotns  of  the  affection — breathiessneas, 
tiaaws  or  vuniiting:^  palpitation,  exhaustion,  feeling  of  coldness,  hun^ming  in 
the  01119,  and  con^restions  of  various  part^  are  usually  experienced  at  a  height 
of  about  12-14j(i00  feet,  and  ascents  of  these  altitnaes  ahould  not  be  under- 
taken by  tho^  who  suffer  from  disease  of  the  heart,  or  who  have  a  predit>posi- 
tjon  to  apoplexy.  The  symptoms  of  the  Mai  de  montngne  are  attribnted  by 
M,  Ivortet  to  the  great  consumption  of  heat  that  takes  plac^  in  order  to  develop 
the  amount  of  muscular  force  required*  Keverthelejss,  both  man  and  aninmis 
are  capable  of  accommodating  thcmselveji  to  the  diminished  atmospheric 
pfeasure  of  great  heights,  the  town  of  Potosi  being  13,205  feet  above  the 
le^el  of  the  eea,  jiiacomarco  15,258  feet,  and  Deba  15,920  feet. 

313,  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of  the 
Liungs,  but  also  in  some  degree  through  the  medium  of  the  Cutaneous  surface. 
In  mnm  of  the  lower  tril>e^  of  animals,  indeed,  this  is  a  very  important  part 
of  the  respiratoiy  proce.^;  and  even  in  certain  Vcrtebrata  the  cutaneous 
respimtion  is  capable  of  supporting  lite  hr  a  considerable  time*  This  is 
especially  the  case  in  the  Batrachia,  whose  skin  is  soft,  tiiin,  and  moist  j 
and  the  effect  is  here  the  greater,  since,  frt>m  the  small  proportion  of  the 
blood  that  has  passed  through  the  lungs,  that  which  circulates  through  the 
system  is  very  imperfectly  arterial i zed.  By  the  experiments  of  Bis^eht^ff  it 
was  ascertained  that»  even  after  the  lungs  of  a  Frog  had  lieen  removed,  a 
quarter  of  a  cubic  inch  of  Carbonic  acid  was  exhaled  from  the  skin  in  the 
course  of  eight  hours.  Experiments  on  tbe  Human  subject  leave  no  rof>m 
for  doubt,  that  a  similar  process  is  effected  through  the  medium  of  his  general 
surface,  although  in  a  very  inferior  degree;  for  by  confining  the  body  in  a  close 
chamber,  into  which  the  products  of  cutaueous  respiration  could  freely  pass^ 
whilst  the  pulmonary  respiration  was  measured  by  a  distinct  apparatus^  Prof. 
'bbarling^  believed  he  had  ascertained  that  the  proportion  of  Carbonic  acid 
^veu  off  by  the  Skin  is  from  ^^^ih  to  g'^th  of  that  exhaled  from  the  Lungs 
lunog  the  same  period  of  time,  or  from  350  to  500  grains.  The  results  ob- 
tained by  more  recent  observers,  however,  render  it  probable  that  St^harling  s 
estimate' WHS  too  high.  Dr.  Ed,  Bmith  inclosed  the  whole  of  bis  body,  except 
the  head»  iu  a  caoutchouc  bag,  passed  a  current  of  air  through  it,  and  collected 
the  Carbonic  acid.  The  whole  (piatitity  obtained  in  Summer,  including  that 
found  in  the  air  of  the  room,  was  6  grains  per  hour,  or  somewhat  more  than 
1  per  cent,  of  the  amount  passing  off  by  the  Lungs.  Htsinhard,-  who  had 
admirably  constructed  apjmratus  at  his  command,  est! mated  it  at  from  34  tn 
3o  graini  per  diem  (2.23  grammes) ;  and  Anbert^"  wJiose  experiments  apj)ear 
to  have  been  very  carefully  conducted,  estimates  it  at  about  60  grains  (4 
grammes)^  a  quantity  that  b  not  equivalent  to  }  per  cent,  of  the  amount 
eliminated  by  the  lungs  (13-14,000 grains).  Moreover,  it  has  been  observed, 
not  unfreqnently,  that  the  livid  tint  of  the  skin  which  supervenes  in  Asphyxia, 
owing  to  the  non^arteriali nation  of  the  blood  in  the  lungs,  has  given  place 
&fUr  death  to  the  fresh  hue  of  health,  owing  to  the  reddening  of'  the  blood 
in  the  cutaneous  capillaries  by  the  action  of  the  atmosphere  upon  them  ;  and 
it  does  not  seem  improbable  that,  in  cases  of  obstruction  to  the  due  action  of 


1  Ann.  der  Chem.  uiid  FbArnn.,  1B46.     <  Zeit£clirift  fur  BlologiGf  Bd.  v,  1SG9,  p.  37. 
*  Pfliig^r^s  ArehiT,  Bd,  tj,  1672,  p.  63d. 
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tbe  lun^F,  the  exhaUitJOD  of  Carbooic  acid  tlimiigh  the  skb  maj 
cotisidemble  increase  ;  for  we  find  a  s?imilar  disposition  to  vii-arioiM  i 
other  part*  of  the  excretiwg  apparatus.     There  h  also  e video ce  that  tie 
interehange  of  gases  betweea  the  air  aod  the  blood,  through  the  ^^ '"  ^" 
au  important  share  ill  keeping  up  the  temperature  of  the  budy  r- 
and  we  find  the  temperature  of  the  surface  much  elevated  in  mauv  i  is^-  \ 
pneninonia,  phthisis,  etc.,  in  which  the  lungs  seem  tn  perform  their  faurtiu^ 
very  ingtifficieotly. 

ifH,  The  totjif  amount  of  Carbonic  acid  daily  given  off  from  the  Skm«i4 
Lungs  may  be  estimated  in  another  mode,  namely,  by  determiiiing  ih«  lou' 
amount  of  Carbon  contained  in  the  ingesia^  and  the  amount  esereted  in  utLei 
ways»  making  allowance  for  the  difference  in  weight  (if  any)  of  the  IkhJiJ 
In  this  mode.  Prof  Liebig  came  to  the  conclusion,  that  the  average  aniouu 
of  carbon  exhaled  by  soldiers  in  barracks  was  13.9  oz>  (He^eian),  *>r  vei] 
nearly  14  oz.  troy;     t'roni  similar  collective  observations  upon  the  mm&U 
of  the  Bridesvell  at  Marienachioss  (a  prison  where  labor  is  enforced),  he  i 
culated  that  each  individual  esJialed  10.5  oz,  of  Carbon  daily  in  the  form  - 
C-arbonic  acid;  while  in  a  prison  at  (.iiessen,  whose  inmateis  are  deprived  4 
at  I  exercise,  the  daily  average  was  but  8.5  oz/    A   very  exact  estUmit^ 
though  based  on  more  limiteft  data^  was  made  by  M,  Barral/  who  tiif 
menied  ujwn  himself  (cet,  29)  in  winter  (A)  and  in  summer  t  B  t,  ui«>n  a  l»of| 
6  years  old  (v),  upon  a  uuin  59 years  old  (Dj.and  uiK)n  an  unmarned  mmtu 
of  32  years  (e).    The  following  table  gives  the  resului  which  he  obtaiDedJ 
from  an  average  of  five  days,  in  regard  to  the  disposal  i>f  the  Carbon  oftb^ 
footl ;  those  which  relate  to  it,^  Kitrogen,  Hydrogeo,  and  Oxygen  will  ' 
noticed  aabsequeutly  (§§  317,  318), 


OirtKra  »cr«t<^. 

weight  uf  IkMly. 

C»r*kjQ  tif  Food; 

In  Fsecpi,       lu  t'rlri*.     By  «hal»iioct. 

A,    lQ4,l>Ihs. 

m-jlA  grs. 

2m/2  grs.     234.6  grs,     A183.S  grt. 

B, 

4090.9    ** 

137 J    '*       min    **       5741.1    " 

C,       S3        *^ 

2382  3    ^* 

149,7    *•         67,9    **      2164.T   *» 

D.    129  J    ■* 

5123.0    *» 

210.0    **        827.8    '*      46**6  7   ** 

E,    IMA    " 

452a8    •♦ 

64.8    *^        2l*JJ    **       *23»y    ** 

Thus  the  average  amount  of  the  Carbon  dally  consume*!  in  fvolmoimry  ,iu«i 
culiineous  exhalation  by  M.  Barral  himselt;  wnis  in  winter  518:>Ji  gmlo^rtf , 
10.8  oz.  troy;  whilst  in  summer  it  was  but  3741,1  grains,  7*8  o/..  troy;  tbi*  j 
difference  is  *iuite  conformable  to  what  might  have  been  anliciptti  from 
the  results  of  a  diflerent  mode  of  experimenting  (§  311,  i)  j  and  it  tlm^ 
some  light  on  the  discrepancies  in  the  rebuild  of  other  measurements  t#  M 
that  the  seasonal  variatiou  m  scarcely  less  than  one-third  of  the  mean  I**- 
tweeu  these  two  amounts,  Ttje  other  results  correspond  closely  witJi  the  ' 
BtAtements  of  MM,  Amlral  and  Gavarret,  in  regard  to  the  higher  propirtiufl 
af  Carbonic  acid  exhaled  (as  compared  with  the  bulk  of  the  bt^dy)  by  cW- 
dren,  and  the  smaller  proportion  tlirown  off  by  men  advanced  in  yeiifa.iii<* 
by  women.  In  some  experiments  made  on  himself  in  Pettenkofer's  apfiaratu^ 
Tinnke  (weighing  161  lbs.)  found  that  when  at  rest  and  fasting,  Irt^lbOj^niiw 
of  Carbonic  acid  or  2779  grains  of  Carbon  were  eliminated  in  twtml^to 
hours  by  the  Skin  and  Lung^,  whilst  with  as  Hill  a  diet  as  ptissihic  the 
amount  was  13,278  grains  of  Carbonic  acid,  or  3621  grains  of  Cafhoo. 

315.  It  is  not  only  by  an  oxygen aie<l  atmosphere  that  the  rerngval  of  Car- 
bonic acid  from  the  blow!  may  be  effected.  For  although  it  was  hmt^^l 
supposcil  that  the  exhaled  Carbonic  acid  is  generated  in  the  limgs  bf  *^* 
combination  of  atmospheric  oxygen  with  the  carbonaceous  matters  of  t^* 


1  Op.  cit.,  p.  46, 


^  Ana.  de  Chiiii*  et  de  Phya,,  U>m»  ttr- 
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Uood,  and  that  the  inhalation  of  oxygen  is  therefore  imraediately  necessan* 
for  its  productbn,  yet  it  is  now  t|uite  certain  that  this  curbonic  acid  exista 
preformed  iu  7enoU5  bloody  and  that  the  oxygen  introduced  is  carried  into 
the  arterial  cireulaiion,  instead  of  being  at  onee  returned  to  the  air  in  a  state 
of  Carbonic  acid  (§  194).  Hence  an  exhalation  of  Carbonic  acid  may  con- 
tinue for  a  considerable  period  (in  cuhl-blooded  animals  especially)  whilst 
the  animal  is  breathing  an  atmosphere  in  which  no  oxygen  exists.  Thus  it 
wa»  shown  by  SpallanzauiJ  that  .snails  might  be  kept  for  a  long  time  in 
Hjtimgenf  without  apparent  injury  to  them  ;  and  thsit  durintj  this  period 
ther  diisengaged  a  considerable  anion nt  of  Carbonic  acid.  I>r,  Edvvanis' 
sitl>;!^^uently  ascertained  that ^  when  Frogs  were  kept  in  hydrogen  for  j=everal 
hour^,  the  quantity  of  Carbonic  acid  exhaled  wa?  fully  as  great  as  it  would 
luive  l>een  iu  atmospheric  air,  or  even  greater;  this  latter  fact,  which  how- 
ever is  very  doubtful,  might  be  accounted  for  by  the  superior  displacing 
Swer  which  (on  the  laws  of  the  difflision  of  gases)  hydrogen  possesses  for 
.rbonic  acid.  Col  lard  de  Martigny^  i-epeated  this  experiment  in  Kitrogen, 
with  the  same  results.  In  both  sets  of  ex  pert  men  tst,  the  precaution  was  used 
of  compressing  the  flanks  of  the  animal,  previtiusly  to  immersiug  it  in  the 
ga^,  so  as  to  expel  from  the  kings  whatever  mixture  of  oxygen  they  might 
cootaiD.  These  experiments  have  been  since  repeated  by  Mnller  and  Berg- 
mann,  who  took  the  additional  pi'ecaution  of  renioviug^  by  means  of  the  air- 
pump,  idl  the  atmoj^pherie  air  that  the  lungs  of  the  frog  might  previously 
contain,  together  with  the  Carbonic  acid  that  might  exi^t  iu  the  alimentary 
canal  They  found,  In  one  of  their  experiment's  that  the  f|Uflntity  of  Car- 
bonic acid  exhaled  in  hydrogen  was  nearly  a  cnhie  inch  in  *ii  hour*  :  and 
Iu  another,  that  nearly  the  same  amount  was  given  off  in  nitrogen,  though 
ihii^  required  rather  a  longer  period.  It  appears  from  the  table  i^f  their 
results/  that  the  amount  was  not  ordinarily  greater  in  the  experiments, 
which  were  prolonged  for  twelve  or  fourtceu  hoyrs^than  in  those  which  were 
terminated  in  halt  the  time ;  hence  it  may  be  iufeiTed^  that  the  quantity 
which  ibe  bhiod  is  itself  capable  of  disengaging  is  limited,  and  that  the 
absorption  of  oxygen  is  nece^ary  to  enable  Carbonic  acid  to  be  continnonsly 
set  free  from  the  body.— -It  is  impossible,  however,  for  an  adult  Bird  or  Mam- 
mal to  eiistain  life  for  any  considerable  time  in  an  atmosphere  deprived  of 
oxygen  ;  since  the  greatly  increased  rapidity  and  energy  of  all  their  vital 
operations  necessitate  a  much  more  constant  supply  of  this  vivifying  agent, 
than  is  needed  by  the  inferior  tribes:  and,  as  we  shall  presently  see,  the  cap- 
illary action  requisite  for  the  passage  of  the  bhiod  through  the  Inngii  will 
not  lake  place  without  it  (§  321).  But  Dr.  Edwards  has  shown  that  young 
Atummalia  can  enstnin  life  in  an  atmosphere  of  hn^rogen  or  nitrogen,  for  a 
sufficient  length  of  time  to  exhale  a  sensible  amount  i^f  Carbonic  acid  ;  so 
that  the  character  of  the  proeess  k  clearly  proved  to  be  the  same  in  warm- 
blooded  animab  a^  in  Reptiles  and  In%Trtebrata, 

316.  The  seat  of  those  changes  which  re.snlt  in  the  formation  of  Carbonic 
add  has  been  the  subject  of  much  research  and  discussion.  It  may  either 
be  conceived  that  the  oxygen  taken  up  by  the  blood -corpuscles,  and  feebly 
held  in  combination  by  their  hemoglobin,  escapes  by  diffusion  through  the 
blood v^sels,  and  directly  enters  into  combination  with  the  constituents  of 
the  tissues,  the  Carbonic  acid  formed  being  given  up  in  exchange  for  fresh 
oxygen  ;  or  we  may  suppose  that  the  products  of  the  disintegration  of  the 


1  Htooires  sur  k  Etfspimtion,  IrndnU  pur  Senebior,  Geneve,  1804. 

*  Dw  r Influence  dea  Ag**nft  Pbynquns  ?ur  la  Vie,  Pnm,  1824. 

*  Ref^befcbe*  Eiri^^rimt^titMli^s,  etc.,  in  Magc^ndic'ii  Jnuriml  de  Phj^Mologio,  torn.  x. 

*  MuUer'*  Blcmenlft  of  Fhy^iolagy,  Inm^Hted  1>j  Baly,  vol,  i,  p.  838. 
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tiesii^  entor  tbe  blood,  and  thei-e  meetiDg  ivith  tho  looiBclT  combined  oitf]g«i, 
aii^tmct  it  from  the  corpyscle^,  which  refidily  surrender  it  to  the  more  ml* 
dizabte  materials*  In  the  one  ease,  the  oxidizing  process  and  the  prodiidioii 
of  Carhonle  ackl  would  take  place  chiefly  in  the  tlasyes,  in  the  otfier  clm^r 
in  the  bloocK  Various  circumstances  seem  to  point  to  the  former  ain  b^iog 
the  more  eor rect  8ta|ement  of  the  fact?.'  In  the  first  place*  the  re^p^ralna 
of  ihe  tiBsiues  shown  to  occur  by  Liebip;  and  P.  Bert,  leads  to  the  develop- 
ment of  Carbonic  acid  withm  them,  and  as  they  contain  (at  leii«t  iu  the  caae 
of  the  mmi  important  of  all — the  muscles)  no  oxygen  capable  of  WmjE:n»- 
moved  by  exhaustion,  the  oxygen  coutained  in  arterial  bluod  will  in  ol«H!i- 
euee  to  physical  laws  dilfu^e  into  the  tif<i«uee,  and  he  replaced  bv  C  »rlKimc 
acid.    Again,  It  may  be  shown  that  arterial  hJo^Kl  lo§es  iia  ox-  x- 

traordinary  rapidity  during  iti?  pu^^age  through  the  eapillane^,  ub 

this  was  attributetl  by  S<'hmidt  to  the  presence  of  eaatly  f- 
cing  substance*;  in  the  blood,  chiefly  ai^giociated  wjtli  the  t-  \ : 

sien),  yet  Pfliiger'  has  shown  that  the  (jnontily  i»f  thejH*  oxidiziihlr  »ub*  i 
stances  can  be  but  small,  since  arterial  blaml  removed  from  the  b<«ly  mW 
slowly  aetjuires  a  venous  character,  whilst  even  in  the  case  of  a$phyxiatt<l 
animals,  warmth  and  lime  are  re<[uired  for  the  production  of  a  largw  amciu&l 
of  Carbonic  acid ;  anil  so  too,  if  an  ea>?ily  oxidisyible  ^ubstanep^  n&  mnlmm  ] 
lactate,  glycerin^  or  caproic  acid,  be  added  to  blood  afker  withdrawal  (mm 
the  body,  no  augmentation  in  the  amount  of  Carbonic  acid  isot^ervetl,  ihinijyli 
if  injected  into  the  circulation  isuch  substances  art*  quickly  decompofrrti,  ftud  J 
cause  increased  evolution  of  this  gas**    The  fact  noticed  bv  Ludwig  juid| 
Hammarsten,  that  the  tension  of  the  Carbonic  acid  in  the  lymph  h  bwer 
than  in  venous  blood,  though  higher  than  in  arterial,  constitutes  no  valid ^ 
objection  to  the  view  that  the  gas  is  chiefly  formed  in  the  tissue!?  nnd  n*H  in 
the  Idood,  ^ince  the  lymph  examined  by  them  bad  already  hml  the  "•J)|wl^ 
tunity  of  equalizing  the  tension  of  its  gases  with  those  uf  art  i\n 

travelling  the  iympbatie  glands*  and  the  lacunas  of  the  cnnik  nt*.  ' 

At  the  same  time,  the  phenomena  of  oxidation  are  materially  js  ih* 

integrity  of  the  blood -corpusclei^»  since  the.^  are  the  carrieti  ol  ,  ,        j^**". 
or  perhaps,  more  proi>erIy  speaking,  of  ozone;  for*  m  Ritter*  haa  aliowo  ia  j 
bis  investigations  on  the'  influence  of  agents  which  modify  the  absoriitin*  ] 
capacity  of  the  globules  for  oxygen,  the  secretions  undergo  material  iltiTi-  ^ 
tions  when  the  coqjuscles  have  been  profoundly  altered  by  the  aetioaiif' 
nntimonial  and  arsenical  compounds,  by  phi3sphorus»  or  bv  the  action  of  lb« 
biliary  acids;  these  agents  changing  the  form  of  the  globules,  and  causini: 
the  apj>earanc€  of  crTi^tals  of  Hfemoglobin  in  the  blood,  coincidimr  ^^i^li 
which  the  urine  becomes  albuminous,  and  contains  various  coko '  '  ils 

In  connection  with  this,  the  observations  of  Manas.*cin  ^  may  ^  I'l, 

as  shownng  that  the  red  corpuscles  diminish  in  volume  when  un  '.n 

ence  of  abuormal  activity  of  the  disintegrating  prot^esses,  as  iu  i  .  *  % 

TV  hen  they  have  to  part  with  an  increaited  amount  of  oxygen  ;  or  when  ai»r 
obstacle  exists  to  the  absorption  of  oxygen ,  as  when  they  are  expcj<ied  to  the 

1  See  J.  Wi^rixi  MBIlcr,  in  Ludwig's  ArboHi^n,  1870,  p.  KJS.    t7^b«r  dJft  6p«anii^ 

de*  Smieratofs  der  Blut^chHWn*  i 

«  PdHger,  Ueber  die  DiffuMt>a  det  Sauerftofii,  ote.,  Ffluger*!  Arcbtv,  Bd.  ▼!,  191% 
p,  43. 

'  Ludwig  and  Schremetjowsky  (Ludwig'^t  Arbeit^n,  1§6S)  hiive,  h&movt'f^  %)ww%\ 
ihift  iugnr  pm^m  through  tbtj  cftpllli»n<»  of  the  ktdneyti  uaeUnngc^K 

*  Kilter,  De*  Mcidiflcatioii*  chimiques  qi*e  eut^i^eni  le«  »<H»rHir*nsi  ftmt«  liTillil*nf«J 
de  qtjo1qu<«s  igr^nb?  qui  niudtficint  les  i^lohuim  sqngulnt.  PurU,  1B72,  Bet  KA^n 
Ph>'&iol0|jj|(*,  p.  380. 

*'  ITrhcT  di(j  DmirnAionen  der  rottisn  Blulkorpi^rchen  ualer  ¥er*tliifdeficri  Etitfltl 
icn.     Pumpbktr  1872, 
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action  of  carbonic  acid  or  morphia ;  whilst  they  augment  in  8ize  when  they 
are  exposed  to  a  highly  oxidized  medium,  or  when  they  are  placed  under 
conditions  in  which  the  oxygen  escapes  with  difficulty,  as  after  the  adminis- 
tration of  refri^erantft«,  quioine,  alcohol,  and  hydrocyanic  acid.  Whether 
the  carbonic  acid  is  chiefly  formed  without  or  within  the  vessels,  it  is  certain 
that  the  amount  developed  bears  a  close  relation  in  q11  parts  of  the  body 
with  the  energy  with  which  cell  growth  and  function  take  place,  and  with 
the  activity  of  the  interstitial  changes  coincident  with  these  processes ;  the 
blood,  which  has  then  become  charged  with  this  gas  and  poor  in  oxygen,  is 
conducted  to  the  lungs,  when  the  converse  changes  are  effected,  the  Carbonic 
acid  diffusing  through  the  vessel  into  the  air  contained  in  the  pulmonary 
alveoli,  and  being  replaced  by  oxygen.  The  precise  steps  of  this  change  are 
not  certainly  known.  Wolffberg  ^  has  demonstrated  that  the  tension  of  the 
Gbrbonic  acid  in  the  alveoli  of  the  lungs,  and  in  the  .venous  blood  of  the 
pulmonary  artery,  is  nearly  the  same,  and  it  is  not  clear  why  it  should  diffuse 
through  the  walls  of  the  bloodvessels.  From  some  cause  or  other  its  tension 
in  the  blood  must  be  raised  as  this  traverses  the  pulmonary  capillaries. 
Bnbin  and  others  have  attributed  this  elevation  of  tension  to  the  formation 
of  an  acid — pneumic  acid,  whilst  others  have  regarded  it  as  the  effect  of  the 
formation  of  oxyhsemoglobin,  the  expulsion  of  the  Carbonic  acid  being  de- 
pendent on  the  absorption  of  Oxygen. 

317.  Much  discussion  has  taken  place  with  regard  to  the  degree  in  which 
the  proportion  of  Nitrogen  in  the  air  is  affected  by  Respiration.  It  seems 
probable  that  the  absorption  and  exhalation  of  this  gas  are  continually  taking 
place;  but  that  the  two  amounts  usually  nearly  balance  each  other.'  On 
the  whole,  however,  there  is  adequate  reason  to  believe  that  Nitrogen  is  ordi- 
narily given  off;  this  being  the  joint  result  of  the  analysis  of  the  expired 
air,  and  of  the  comparison  of  the  amount  of  nitrogen  given  off  in  the  other 
excretions  with  that  ingested  as  a  constituent  of  the  food.  In  some  experi- 
ments made  by  Regnault  and  Reiset,  on  the  composition  of  the  expired  air 
in  various  warm-blooded  animals,  they  arrived  at  the  following  conclusions: 
(1.)  That  warm-blooded  animals  subjected  to  their  ordinary  regimen  exhale 
nitrogen,  but  never  in  larger  proportion  than  ^'©th,  and  sometimes  in  less 
than  jio^b,  of  the  oxygen  consumed  ;  (2.)  That  in  a  state  of  inanition,  ani- 
mals usually  absorb  nitrogen  ;  (3.)  That  animals  whose  usual  diet  has  been 
changed,  usually  absorb  nitrogen  until  they  are  accustomed  to  tlieir  new  food.' 
— ^Voit,*  in  experiments  on  pigeons  extending  over  124  days,  found  that  little 
or  no  nitrogen  is  eliminated  by  the  lungs  in  these  animals,  since  the  amount 
contained  in  the  urine  and  fbcces  was  equal  to  within  2.3  per  cent,  of  that 
ingested.  This  result  is  in  marked  contrast  to  that  obtained  by  Boussin- 
gault,  who  found  a  deficit  of  35  per  cent,  of  nitrogen  in  the  faeces  and  urine 
when  compared  with  that  contained  in  the  food.  From  Seegen's  researches 
on  dogs,^  it  appears  that  although  generally  the  greater  part  of  the  nitrogen 
is  eliminated  as  urea,  under  certain  circumstances,  a  large  portion  (one-half) 
may  be  discharged  by  other  channels,  a  portion  probably  escaping  by  the 
lungs.  Barral  estimated  that  the  amount  of  nitrogen  which  (being  other- 
wise unaccounted  for)  must  be  considered  to  have  passed  off  by  the  lungs 


'  Wolff  berg,  Ueber  die  Athmuntj  dor  LunEje,  Pflus:**!*'"*  Archiv,  Bd.  vi,  1872,  p. 
223;  Stra«i«burgb,  Die  Topog.  der  Gasspannungcn  iin  Thierischen  OrgHiiisnms,  in 
idem,  p.  65 

*  For  tho  conMdcrations  which  render  this  probable,  see  especially  Dr.  W.  F.  Ed- 
wards, On  the  Influence  of  Physical  Agent*  on  Life,  part,  iv,  chap,  xvi,  sect.  2,  3. 

»  Ann.  de  Chim.  et  de  Phv».,  1840;  and  M6m.  de  Chim.  Acrric,  1854,  p.  31. 
«  Henle  and  Meijsncr's  Be'richt,  18G2,  p.  342,  and  1806,  p.  390. 

•  Wiener  Sitzungsberichte,  1867,  Bd.  Iv,  March. 
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and  skin  in  Man,  varied  from  ,Vth  (in  an  adult)  to  ^^^d  (in  n  fhe 

oxygen  I'iiiiHtinied,  the  former  [)ro portion  agrectingvery  well  with  utd 

hy  MM  Rt'gnaidt  and  Rei&et  from  thi?ir  ex^H^rimentij  on  aniraai^ 

[TKe  aUeraiione  offeeted  in  tlie  Bfood  by  Respiration  have  alreadv  bpet 
fylly  con?^idere*L     See  SS  1?):J-1041 

Bl^,  Exhaliitum  uud  Abmrptttfti  throuffh  tlu^  Lnnffii. — The  Air  expired  from 
llie  Uiu^i^  dWen  fmrn  timt  which  wag  introdiieed  iuto  tfiein,  not  lufrtl?  m 
the  altered  [iroportinns  of  \U  Oxygen,  Nitrogen,  and  Carbon  it?  arid,  but  alsu 
in  having  received  (nnder  ordinary  circmiistances  at  lea.'st)  a  large  aiidiiioo 
to  its  watery  vapor.  This  it  dtuiblless  acqiiirei;  in  aecordanee  with  physical 
laws,  through  il3  exposure  to  the  w^arm  blood  wliieli  ii^  npread  out  ovjt* 
very  exteneive  surface,  the  interrnediate  membrane  beirjg  extremely  pr- 
meahle ;  and  the  variations  in  its  amount  will  depend  upon  the  |thy!(iral 
conditions  under  which  that  exposure  takej*  place.  The  air  expired  in  onii- 
nary  respiration  is  charged  with  as  niuch  watery  vaptjr  m  saturates  ii  ai  iht 
temperature  of  the  body  ;*  and  consequently  the  amount  of  watery  vajjof 
thus  exhaled  will  vary  (for  equal  volumes  of  air  at  any  given  terupcnitunf) 
in  the  inverse  proportion  to  that  which  the  air  previously  eoutJiiued*  But 
when  the  air  is  very  cold  and  very  dry,  and  tlie  respiration  is  unuRiiily 
rapid,  it  may  not  retnain  sufficiently  long  in  the  air-cells  to  he  mised  loifcu 
temperature  of  the  body,  or  to  be  fully  saturiited  with  moisture.  The 
amount  of  watery  vapor  exhaled,  moreover,  will  of  course  depend  in  pifti 
upon  the  quantity  of  air  which  passers  through  the  lungs.  Atul  from  lli«i* 
causes  of  diflTerence,  it  happens  tliat  the  amount  of  watery  vuptKr  exhrnled  in 
twenty- four  hours  may  vary  from  about  (I  oz.  to  27  oz, ;  its  usual  rangi%  haff- 
ever,  being  betw*een  7  and  11  oz.  Wey rich'  estimates  the  amf>unt  ^if  ias^^n- 
•  »ible  per??  pi  rut  ion  hy  the  skin  and  lungs  for  a  man  weighing  VIo  Urn  M 
1 4,501 )  gmins  or  2  Ihs,  avturtlupcns  per  diem,  and  the  prop*>rlif^u  *>f  wnt*r 
dif^charged  hy  the  s^kin  to  that  hy  the  lungs  as  2:3.  Dr.  E<L  Smith  foini«l 
that  during  a  long  fa^t  the  quantity  of  vapor  exhaled  by  the  lungs  wils  2M 
grs,  per  minute,  or  ,548  gr*  in  every  100  cub.  in.  of  expired  air.  Wit  it  r*»od 
and  at  rest,  the  qruintity  varied  from  3  grs.  to  3*4  grs.  per  minute.  Th**  in- 
halation of  alroijiilit'  vapors  increased  the  quantity  of  vapor  exhah'd  ;  wliea 
alrohcd  was  druuk  the  quantity  was  also  increiised,  hut  it  v^ns  decrmsit'd 
under  the  action  of  gtn,^ — Of  the  fluid  ordinarily  exhaled  with  the  breaith,  ft 
part  doubtless  proceeds  from  the  moist  lining  of  the  nostril?,  fauce^»ctc, ;  hut 
tt  is  indisputable  that  the  greater  pr«>portion  of  it  eomes  from  the  lutig*, 
since,  when  the  resnimtion  is  entirely  |*erfoniied  through  a  canuk  intn^ 
duced  itito  the  trachea,  the  amount  of  watery  vapor  which  the  breath  wm- 
tains  is  still  very  considerable.  Of  the  proper  pulmonary  exhahttion,  there 
can  be  no  doubt  that  the  greater  part  is  the  mere  surplus  water  of  thi*  bbxid, 
and  especially  of  the  crude  fluid  which  has  been  newly  iutro«li  the 

circulating  current  bv  the  proce^  of  nutritive  absorption,     i  '•  it 

strong  evidence  that  Hydrogen  as  well  aa  Carbon  undergoes  cuoibuj^iion  ia 
the  system,  and  that  a  portion  of  the  exhaled  aqueous  vapor  is  the  prf*dtt*^ 
of  that  combustion.  For  of  the  hydrogen  which  the  fcHxl  contains*,  ml 
more  than  from  |th  to  j*(,th  passcii  otf"  by  the  other  excretions,  the  remain* 
ing  l^ths  or  j^^ths  being  exhaled  in  the  coutlition  of  watery  vapor  from  lb* 
lungs.  A  portion  of  the  oxygen  which  this  vapor  eon  tains  is  supplied  bf 
the  food  ;  hut  there  is  usually  a  considerable  surplus  of  hydrogen,  and  thti 


^  The  tension  of  tbe  watory  vnpor  of  expired  ftir  onwuiit*,  accord i 
will? a  r©tJuc*^d  to  0^  C  /md  TftD  mjii,  pre*»iire  to  4,86  mm.  of  m.  i 
nonrly  thnt  uf  nir  futuniterl  with  mpicHiut  vapor  (-1.5  mra.). 

«  Uterviiliot»*j  etc, I  DorpHl,  IS^io,  8vo, 
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otily  be  convertefl  ialo  water  at  the  expense  of  oxygen  derived  from  the 

Eina^pfiere, 

;iI9.  The  flnid  thrown  off  from  the  luDgs  is  not  pure  water.  It  hohk  in 
Kilution.  a*  might  have  been  expected,  a  considerable  amount  of  Carbonic 
iicid.  and  abo  some  animal  matter,  which,  from  the  inquiries  of  Dr.  R,  A. 
Snaith/  would  appear  to  be  an  albuminous  substance  in  a  state  of  decom- 
positioQ.  A  small  quantity  of  Ammonia  is  usually,  but  perhapg  not  always, 
thrown  off?  It  has  been  &ugg:e,sted  that  this,  when  present,  may  be  deriveil 
either  from  decomposing  fragments  of  food  or  from  carious  teeth  j  but  Thiry 
believed  he  had  ilemoustrated  \t  in  air  expired  to  avoid  contamination 
tbn>y'4lj  a  r-aimlit  introduftd  into  the  trachea  of  a  rabbit.  The  test  used 
Kes8ler*Bi  (^solution  of  iodide  of  silver  and  iodide  of  potassium).     Ran- 

aie  e:*tl mates  that  an  amount  of  Ammonia  representing  about  3  grains  of 
OfgaDie  matter  are  eliminated  by  an  adult  man  in  twenty-four  hours,  Ac- 
ecirding  to  Wiederhold,^  the  Chlori^'e  of  Sodium  and  Ammonium,  Uric 
Aeid  and  the  Unites  of  Boda  and  Ammonia,  may  l>e  detected  in  the  expired 
air,  Ilan«iome  fotind  a  small  quantity  of  Urea  in  one  or  two  instaneea.  If 
the  fluid  be  kept  in  a  closed  ves^sel,  and^  be  e3c|K)8ed  to  an  elevale<l  tempera- 
la  re,  a  very  evident  putrid  odor  is  exhaled  by  it.  Every  one  knows  that 
the  breath  itself  has,  occasionally  in  some  persons,  and  constantly  in  others, 
a  fetiil  taint :  when  this  does  not  proceed  from  carious  teeth,  nleerations  in 
the  air-pa.*¥ages,  tlisease  in  the  lungs,  or  other  similar  causes,  it  must  result 
from  the  exereliiiu  of  the  odorouij  matter,  in  combination  with  watery  vafwr, 
fraoi  the  puimonnry  surface.  That  this  is  the  true  account  of  it,  seems  evi- 
dejit  from  the  analogous  phenomenon  of  the  excretion  of  turpentine,  cam- 
phor, alcohol,  and  other  odorous  subdtaneea^  which  have  been  intrfjduced 
into  I  he  venous  system,  either  by  mitural  absorption,  or  by  direct  injection  j 
and  also  from  the  ^^uddennej^s  with  which  it  often  manifests  itself,  when  the 
digestive  apparatu.s  k  slightly  disordered ^  apparc-ntly  in  consequence  of  the 
entrance  of  some  malaHsimilated  nintier  into  the  blood.  Among  the  sub- 
slanc*^  occasionally  thrown  off  by  the  lung?^i,  Pho.sphorus  de?ierves  a  spcial 
mention,  on  account  of  the  peculiarity  of  the  form  under  which  it  is  elimi- 
nated;  for  it  has  been  found  that  if  phosphorus  be  mixed  with  oil,  and  he 
injected  into  the  bloodvessels,  it  partly  escapes  in  an  unoxidiKed  state  from 
the  lungs,  rendering  the  breath  luminous/  And  thi^  luminous  brc*ath  has 
also  been  olnpterved  iu  spirit-drinkers,  in  whom  the  oxidation  of  the  effete 
matters  of  the  system  is  im[)eded,  in  coniiequence  of  the  demand  set  up  by 
the  alcohol  ingested  for  the  oxygen  introduced  (§  311,  vi ). 

320.  Not  only  exhalation,  but  also  (under  poculiar  circumstances)  fthnorp- 
Hon  of  tin  id  nmy  tnke  place  through  the  Lungs.  Thus  Dr.  Madrlcn*  has 
ihown  that,  if  the  vapor  of  ht>t  water  be  inhaled  for  some  time  together*  the 
total  los#  by  exhalation  is  so  much  less^  than  usual,  as  to  indicate  that  the 
cutaneousi  transpiration  is  partly  counterbalanced  by  pulmonary  absorption ; 


I  FUi)ci<«-»p1i!oa1  Mn^r^xtTif^t  ^ol-  X3cx,  p.  478. 
"^  8i*e  Richard st<>n,  The  Ciitist?  of  the  C«uigul»tion  of  the  Blood,  1857^  p.  360;  Lob- 

«,  Z»*iu.  f.  Binlot^ro,  Bd.  i,  p-  107;  Thiry,  Zwitg.  f.  mt  Med.,  Bd.  xvl],  im:i,  p. 
I6IS ;  Schenkf  Pflugef'»i  Afcltn%  Bd.  Mi ;  Kuline  and  Striiuch,  Contralblfltt,  1802,  p. 
67fij  Arthur  Riin*ome»  JourttPil  of.  Anatomy  iind  Phy«*iolo£;yv  1870.  voL  ir,  p.  208; 
Tmcbol,  Cntnpto*  Rendu*,  1873,  t.  ii^  p.  llCiO,  Biicht,  howt*¥er  \Zeiti,  t  Biologie, 
Bd-  T»  p.  *^n,  was  unahW  to  Bfid  uny  trnce*  of  it 

*  Di'u!«che  KHnik,  1858.  Sfhenk" stales  that  a  smnlt  quantity  of  animoniH  Is  elimi- 
nati'd  by  ibcr  lung^  ir>  the  Riibbit,  {Tuinea*p)gt  ftnd  Dog,  but  none  by  the  skin.  The 
nature  of  the  food  has  ut>  influence  on  the  quantity  (PflUgcra  Arch  I  v,  Bd.  lii,  p, 

*  Crt" pep's  Wochenschriftj  184?*,  Bd  iv. 

'  Prise  Eimj  on  Outaaeaus  Absorption,  p.  55. 
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the  piilmonftry  exhaktiOD  beiog  at  the  same  time  entirely  elicflcr*!.    Tl'w 

probable  that,  if  the  quantitjr  of  fluid  in  the  blood  had  been  p re do^i^lt  di- 
minished b}^  exce^^iTe  sweiitingt  or  by  other  copious  fluid  secretioui?,  th^^  pul- 
monary  abeorptifin  would  have  been  mneh  greater.  Still  in  the  <'iiwp  hr- 
nierly  mentioned  (|  14G)j  in  which  a  large  inere-ase  in  weight  could  nnkW 
accounted  for  on  the  supposition  of  absorption  of  water  from  the  atmt;wpbtnj» 
it  seems  probable  that  the  cutaneous  surfaee  was  chiefly  con €i?rned;  fot  it 
can  only  he  when  the  air  introduce<l  intc*  the  Jungs  is  saturated  with  w^un 
vapor,  that  the  usual  exhalation  will  be  checked^  or  that  any  abBorptiutj  cwi 
take  place. 

321.  That  absorption  of  other  volatile  matters  di0bsed  thmutrh  the  tir, 
however,  is  eoutinualiy  takin^^  place  by  the  Lung^,  i^  easily  d  t«J. 

A  familiar  example  is  the  eflect  of  the  iidjalatiou  of  the  vajn.  irn- 

tine  ufKjn  the  urinary  excretion.  It  C4in  only  be  in  this  maniit-r  tli  t.  3!  - 
gases  act  u|jon  the  system,  which  have  a  noxiouft  or  poieouous  t- ff  f  hIi^.u 
mingled  in  small  quantities  in  the  atmosphere;  and  it  i^*  most  a^luubhmgto 
w^itnc^  the  extraordinary  increase  in  potency  which  manv  ^ub^taiiL^  ex- 
hibit, when  they  are  brought  into  relatioti  with  the  blood  in  the  ga^>uff 
form.  The  most  remarkable  example  of  thii  kitid  m  afforded  by  Ar^iua- 
retted  Hydrogen,  the  inspiration  of  a  few  hundredths  of  a  grain  of'which  hta 
been  productive  of  fatal  eousequene^,  the  r^ulting  symptoms  beinj?  th(js*«^irf 
arsenical  poiBoning,  Next  to  this,  perhaps,  in  deleterious  activity,  is  i^ul- 
phuretted  Hydrogen ;  but  it  would  seem  that  the  effects  of  this  gas  upoii  the 
Human  subject  are  scarcely  so  violent  as  thevare  upon  animal.^;  fnr  tKnuk'b 
it  has  beeiJ  ibund  that  the  yjresence  of  ji^^tii  part  of  it  in  ih*  I  air 

will  destroy  a  bird  in  a  very  short  time,  that  ;g:/^ nth  part  sun  nJa 

dog,  and  that  ^Ijyth  part  is  fatal  to  a  horse,  yet  M,  Parent-DytiniUrk^r  lias 
affirmed  that  workmen  habitually  breathe  with  impunity  an  atm<Kph**re 
coutatning  one  per  ccnf.,  and  that  he  himself  has  respired,  without  ^*noia 
eymptomsi  ensuing,  air  which  contained  three  per  ceni.  There  can  Ik*  oa 
doubt,  however,  that  thc'coj*^rnN^rf  inhalation  of  air  thus  coutaminati^l  wm»Jd 
be  speedily  fatal.  Sulphuretted  hydrogen  and  Hydrosulpliurei  nf  ammuaift 
are  given  off  from  mo^t  forms  of  decaying  animal  and  vegetable  matUT;  and 
it  is  undoubtedly  to  the  accumulation  of  thesse  ga^es,  that  the  fatal  results 
which  sometimes  ensue  from  entering  sewen?  are  to  be  chiefly  attribute*!,— 
A  ntimoniu retted  and  Phoi^phuretteii  hydrogen  may  also  be  incbidffi  wiili 
the  above  as  poisonous  ga^e^.  The^  all  oxidize  themselves  at  the  cx|M-ii«fl 
of  the  oxygen  of  the  blood,*  and  as  a  reiiult  of  this  apprnpnation*  totiuoe 
dyspnoea,  convulsions,  and  a^^phyxia.  Other  poisonous  gases,  as  Ofb<iuic 
-oxide,'  Deutoxide  of  Nitrogen,  and  Cyanuretted  hydrogen,  actxmliag  U 
Hermann,'  form  a  group  that  displace  the  oxygen  and  enter  into  combioa- 
tioQ  with  the  hemoglobin,  producing  a  clear  red  soluiion,  and  induciDgtlio 
same  symptoms  as  the  former,  Deutoxide  of  Nitrogen  is,  however,  projierly 
inclufle<l  under  the  irresnirable  gases.  Other  poisonous  gases  again,  an  Pro^ 
tcxide  of  Nitrogen,  Olenant  gas,  Chloroform,  and  Carbonic  acid,  are  intJ»ii- 
eating  in  their  profjerties,  affecting  the  fnnetious  of  the  brain,  and  ultinma^l? 
producing  a  narcotic  effect.  Amongst  the  irrespirable  gases  which,  nul^i 
exceedingly  diluted,  induce  spasm  of  the  glottis,  may  b©  enumcratoci  Car- 

1  See  tbt?  eitporiment?  of  Kftuftnann  find  Kosentlml  on  iKe  aetloa  of  Sii! 

Hjdrf»g^n,  in  ReicbeM's  Archiv,  1863,  Heft  vi ;  tho*o  of  Hoppc-Seyli^r  iiii   i .-, 

And  on  Antimoniurettod  and  Arsenmr(<tu-d  tlydroG;6n,  Mod.  Chem.  Unt«;n,|  iJcA  (fj 
p.  ISS,  ftnd  tbjso  of  Dybki»wifkj  on  Fhn?pbti rutted  Hydrogen* 

^  St^e  Triinbi',  Gurti'A  VerhHnd.  il,  Bf^rliii.  GescUacli.,  1863,  p.  1>7,  and  C,  B^rD*f^ 
Eev.  Sc'iuntir.,  t.  vit  1B70;  and  Lemons  but  led  Aaiofllhesiqae&. 

•  Physioiogie,  1871,  pp.  46  und  leL  ~ 
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booic  acid.  Hydrochloric  acid,  Binoxide  and  Peroxide  of  Nitrogen,  Ammonia, 
Chlorine,  and  Ozone.  If  introduced  through  a  tracheal  fistula,  all  of  them 
act  as  poisons.  Finally  Nitrogen,  Hydrogen,  and  perhaps  Carbu retted  hy- 
drogen, may  be  considered  as  indifferent  gases,  proving  fatal  when  breathed 
in  a  state  of  purity,  by  permitting  the  accumulation  of  Carbonic  acid  in  the 
blood,  and  by  failing  to  supply  oxygen. — Cyanogen  is  another  gas  which  has 
an  actively  poisonous  influence  upon  animals,  when  absorbed  into  the  lungs; 
its  agency  is  of  a  narcotic  character,  but  has  not  been  accurately  investi- 
gated. 

322.  The  respiration  of  pure  Oxygen  for  short  periods,  7 — 17  minutes  in 
man,^  produces  no  elTect  either  on  the  rapidity  of  the  pulse  or  upon  the  tem- 
perature of  the  body,  and  scarcely  any  more  of  this  gas  is  al^orbed  than 
under  ordinary  circumstances,  which,  as  Pfliiger  has  shown,  is  owing  to  the 
tket  that  artenal  blood  is  charged  normally  with  nine-tenths  of  the  whole 
amount  of  oxygen  it  can  take  up.'  In  small  chambers'  the  whole  of  the 
(OLYgeu  is  used  up,  but  if  the  chamber  be  large,  the  amount  of  Carbonic 
■Gid  produced  proves  fatal  before  the  complete  consumption  of  the  Oxygen. 
Thus  Bert  observed  that  when  an  animal  was  placed  in  an  atmosphere  of 
pure  Oxygen  with  no  provision  for  the  removal  of  the  Carbonic  acid  elimi- 
nated, death  took  place  when  the  proportion  of  this  gas  amounted  to  20 — 30 
per  cent.,  though  the  quantity  of  Oxygen  was  still  from  70 — 80  per  cent 
When  all  the  Carbonic  acid  eliminate  was  removed,^  death  occurred  in 
mammals  when  the  amount  of  Oxygen  had  fallen  to  2  per  cent,  and  in 
birds  when  it  was  reduced  to  between  3  and  4  per  cent.  He  further  found 
that  animals  made  to  breathe  Oxygen  at  a  pressure  of  5  or  6  atmospheres, 
or  which  are  exposed  to  ordinary  air  at  a  pressure  of  20  atmospheres,  fall 
into  violent  convulsions,  which  last  even  afler  the  pressure  has  been  reduced 
to  the  normal.  It  would  therefore  appear  that  the  Oxygen  in  entering  the 
blood  at  this  high  pressure  forms  one  or  more  compounds  with  some  of  its 
constituents,  acting  like  strychnia.  Death  is  also  caused  by  the  inhalation 
of  fleveral  gases  of  an  irritant  character,  such  as  Sulphurous,  Nitrous,  and 
Muriatic  acids;  but  it  is  doubtful  how  far  they  are  absorbed,  or  how  far  their 
injurious  effects  are  due  to  the  abnormal  action  which  they  excite  in  the 
lining  membrane  of  the  air-cells  and  tubes. — It  cannot  be  doubted  that 
Miasmata  and  other  morbific  agents  diffused  through  the  atmosphere,  are 
more  readily  introduced  into  the  system  through  the  pulmonary  surface 
than  by  any  other;  and  our  aim  should  therefore  be  directed  to  the  discovery 
of  some  counteracting  agents,  which  can  be  introduced  in  the  same  manner. 
The  pulmonary  surface  affords  a  most  advantageous  channel  for  the  intro- 
duction of  certain  medicines  that  can  be  raised  in  vapor,  when  it  is  desired 
toafieet  the  system  with  them  speedily  and  powerfully;  such  is  pre-eminently 
the  case  with  those  Anaesthetic  agents,  ether  and  chloroform,  whose  intro- 
duction into  the  various  departments  of  Medical  and  Surgical  practice  con- 
stitutes a  most  important  era  in  the  history  of  the  healing  art;  also  with 
Mercury,*  Iodine,  Tobacco,  Stramonium,  etc.,  and  it  has  recently  been  shown 

>  Naoumoff  and  Beliaieff,  Robin's  Journal  de  rAnatomie,  1875,  p.  138.  Soo  also 
Kowalewsky,  in  Travaux  du  laboratoiro  phvsiologiquo  do  I'Univ.  Imp.  k  Kasan, 
!•'•  9er,     Kasan,  1869. 

'  This  is  difficult  to  reconcile  with  the  statoment  made  by  M.  Gr^hnnt  (Comptes 
Bendus,  1872,  19  Aoftt),  that  100  c.c.  of  carotid  blood  of  the  doijj  contains  when  air 
is  breathed  1G.8  per  cent,  of  oxyg(!n,  and  when  oxygen  is  breathed  23.3,  and  even 
26.8  per  cent. 

•  See  account  of  Muller's  Experiments  in  Funko's  Physiology,  1870,  p.  284. 

•  Paul  Bert,  Art.  Asphyxia,  !Nouv.  Diet,  de  M^d.,  t.  iii. 

•  The  beneficial  results  of  the  introduction  of  Mercury  by  inhalation,  are  strikingly 
ret  forth  in  Mr.  J^ng«ton  Parker's  Essay  on  the  Treatment  of  Secondary,  Consti- 
tutional, and  Confirmed  Syphilis. 
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by  M.  Joua^et  that  diri^ct  injection  througb  the  tracheal  13  a  meanji  hr  irlilA 
quitilne  may  be  made  tu  enter  the  system  rapidly ^  when  the  stale  \r(  thu 
eulaiieoii§  cirL-ulatiou  and  the  irritability  of  the  stomach  render  it  uselcw  U 
admiiibtt^r  it  either  by  the  stomach  or  by  subcutaneous  injection*' 


S,  Effects  afSmpetmon  or  Deficmictf  of  lie^iruiion, 

323.  We  have  nfiw  to  consider  the  results  of  the  cessation  of  the  liesfnm* 
tory  function,  iind  the  eon'^eqnent  deficiency  in  the  supply  of  Oxvgi^ti  uoii 
retention  of  Carbonic  acid  in  the  blood.  If  thij^  be  sufficiently  iTn)loiigrttl,a 
condition  ensues  to  which  the  name  of  J#/>Ai^.r/rt  has  been  given,  tht*f^f*iitiftl 
character  of  which  is  the  ce^atlou  of  mnscular  movement,  and  !ter* 

wards  of  the  Circulation ;  with  an  accumulation  of  blood  in  the  %  >  ^i-m. 

The  time  which  is  necessary  for  life  to  be  destroyed  by  Asphyxia  viinfe 
much,  not  only  in  diflereut  animals,  but  in  different  states^  of  the  sam**. 
Thus,  warm-blooded  animals  are  much  sooner  asphyxiated  than  KpptHi^nor 
Invertebrata;  on  the  other  hand,  a  hibernating  Mammal  support*  life  (at 
many  months,  with  a  respiration  sufficiently  low  to  produce  sf>eedy  a^phvstm 
if  it  were  iu  a  state  of  activity.  And  among  Mammalia  and  Bird*,  tljtw 
are  many  species  which  are  adapted,  by  peculiarities  of  eanformation,  t*^  «i»- 
tain  a  deprivation  of  air  for  much  more  than  the  average  jienmL*  Exrlu*!* 
ing  thei^e  it  may  be  igtated  as  a  general  fact,  that  if  a  wann-bln*Mlc«l  tin'mtd 
in  a  state  of  activity  be  deprived  of  r«^>irat^ry  power,  iu  muscular  movih 
ments  (with  the  exception  of  the  contraction  of* the  heart)  will  rr^^  within 
five  minutes,  oAen  within  three;  and  that  the  circulation   j:  tHiU 

within  ten  minutes.     In  the  experiments  made  by  the  0>ni.  tb 

Royal  MedicO'Chirurgical  Society,'  wliich  are  corroborated  by  Uh^  niom 
recent  ones  of  M.  P.  Bert,*  it  was  found  that  when  death  by  drowning  UfA 
phire  rapnlly,  it  was  dne  to  the  entrance  of  Water  into  the' lungs;  and  that 
if  the  entrance  of  air  into  the  lun^  was  prevented  by  suddenly  in-«  rfni^ 
a  cork  into  a  glass  tube  lightly  tied  into  the  trachea,  the  averag* 
of  the  cifbrts  to  inspire  was  4  minutes  5  seconds  in  dogs,  and  3  mi..  ,.^  - 
seconds  in  rabbits;  whilst  the  average  duration  of  the  heart's  action  was  7 
minutes  11  seconds  in  dog?i,  and  7  minutes  10  seconds  In  rabbits.  It  wtt 
found  aleo  that  in  simple  occlusion  of  the  trachea  recovery  might  take  pU« 
after  deprivation  of  air  for  3  minutes  50  seconds,  whilst  immersion  for  U 
min.  was  usually  fatal. — M.  Brown'S^-quard'  has  shown  by  numerous  experi- 
ments', that  both  newly-born  animals  and  adults  are  capable  of  re*ifttng 
the  A&phyxia  which  results  from  submersion,  by  so  much  longer  a  pefic«lM 
their  tenipemture  is  lower,  providing  it  does  not  descend  below  lU"*  F,  Aj 
a  general  rule,  the  newly -born  animal  can  survive  submersion  for  a  1^ 
period  than  the  adult;  this,  however,  does  not  hold  in  the  ca*c  of  guin 
Of  14  newly-born  rabbits  submersed  in  water  at  77°  F*,  5  had  a  tcm^ 
tureof  1161^  F.,and  survived,  on  the  average,  12'i  minutes;  4  had  a  tempi^rt* 
ture  of  82^  to  89*^  F.,  and  survived  17  minutes;  lastly,  &  bad  a  temperaiaw 


*  Chiude  Hcrniiril,  Logons  sur  les  Ana^sihefiiquea^  1876,  p,  74, 
■  Tliua^  tlio  Ccttir'eH  eon  tain  fur  morn  binod  in  their   vcs?<'I«  than  do  iiny  otWj 

Matimjdliti;  ntid  ihusc  ve*s^ela  are  io  j*rfnnired»  Umt  both  urti^ries  otr^  v---  ^n*  iq 
connrtrtioh  witli   birgo  roservoifs  er  dlvt>pik"ufa,     Ttio  roat^rvrtirfi  V 
foffjiur  «Fe  utuiiily  full  ;  but  wli^n  the  Whato  remains  long  under   w  ■  ^ila 

which  they  eonlai'n  I*  grftdually  iRtrodiiced  into  the  circuUtiotij  and  nfisr  bt^cooilnf 
v^uouH,  nci.'iimul»tv&  lu  t)i^  rpft&rvoirs  coanm^tud  w'nh  i\ie  venout  «Tati>fn>     Hy  mmm 
of  ihi»  pr-ovbion,  the  Whultj  cua  remiiin  under  wntcr  for  more  ihun  an  liocir. 
^  Tmns.,  YoL  xk,  p.  440.  *  6a;&.  M6dicttle,  1S6S,  p^  1 

*  Journal  do  la  Phys.,  vol  li,  p.  98  ot  s«q. 
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of  from  64**  to  70**  F.,  and  these  survived,  on  an  average,  26 i  minutes.  A 
newly-born  dog  will  survive,  if  its  temperature  be  low,  an  immersion  of  50 
minutes'  duration.  A  duck  is  capable  of  resisting  the  privation  of  air  for  seven 
or  eight  minutes,  while  a  chicken  will  die  from  submersion  or  strangling  in 
two  or  three.  A  satisfactory  explanation  of  these  pecularities  has  been  given 
by  M.  P.  Bert,  who  has  shown  that  they  are  dependent  upon  the  amount 
of  Oxygen  in  the  blood,  and  the  activity  of  the  combustive  processes  in  the 
tissues.  As  the  blood-corpuscles  constitute  a  magazine  of  Oxygen,  the  larger 
their  number  the  longer  will  the  animal  be  able  to  resist  the  privation  of 
air;  and  so  also  life  will  be  prolonged  when  from  any  cause  the  processes  of 
oxidation  in  the  tissues  are  lowered.  M.  Birt  has  elsewhere  shown  that  the 
respiration  of  the  tissues  takes  place  less  actively  in  young  than  in  old  ani- 
mals, whilst  it  is  obvious  that  a  low  temperature  is  less  favorable  for  oxida- 
tion than  a  high  one,  and  direct  experiment  has  demonstrated  that  a  duck 
contains  one-third  or  even  one-half  more  blood  than  a  chicken.  Many  per- 
sons are  capable  of  sustaining  a  deprivation  of  air  for  two,  three,  or  even 
fimr  minutes,'  without  insensibility  or  any  other  injury;  but  this  power, 
which  seems  possessed  to  the  greatest  degree  by  the  divers  of  Ceylon,  can 
only  be  acquired  by  habit.  The  period  during  which  remedial  means  may 
be  successful  in  restoring  the  activity  of  the  vital  and  animal  functions,  is 
not,  however,  restricted  to  this.  There  is  one  well^authenticated  case,  in 
which  recovery  took  place  after  a  continuous  submersion  of  fifteen  minutes;' 
and  many  others  are  on  record,  of  the  revival  of  drowned  persons  aftx^r  an 
interval  of  half  an  hour,  or  even  more ;  but  there  is^  not  the  same  certainty 
in  regard  to  these,  that  the  individuals  may  not  have  occasionally  risen  to 
the  surface  and  taken  breath  there.  It  is  not  improbable,  however,  that  in 
some  of  these  cases  a  state  of  Syncope  had  come  on  at  the  moment  of  immer- 
sion, through  the  influence  of  fear  or  other  mental  emotion,  concussion  of  the 
brain,  etc.;  so  that,  when  the  circulation  was  thus  enfeebled,  the  deprivation 
of  air  would  not  have  the  same  injurious  effect  as  when  this  function  was 
in  full  activity.  The  case  would  then  closely  resemble  that  of  a  hibernating 
animal;  for  in  both  instances  the  being  might  be  said  to  live  very  slowly, 
and  would  therefore  not  require  the  usual  amount  of  respiration.  The  con- 
dition of  the  stillborn  infant  is  in  some  respects  the  same;  its  tissues,  as  just 
stated,  are  the  seat  of  much  less  active  processes  of  combustion  than  those  of 
the  adult,  and  reanimatoin  has  been  successfully  attempted,  when  nearly  half 


*  Dr.  Hutchinson  states  that  any  man  of  ordinary  **  vital  capacity  "  can  paPS  two 
minutes  without  breathing,  if  he  first  makes  five  or  six  forcible  inspirations  and  expi- 
rations, so  as  to  cleanse  the  lungs  of  the  old  air,  and  then  fills  his  chest  as  comph'tely 
as  he  can.  '*  For  the  first  15  seconds  a  giddiness  will  bo  experienced  ;  but  when  this 
leaves  us,  we  do  not  feel  the  slightest  inconvenience  from  want  of  air."  (See  Cyclop. 
of  Anat.  and  Phys.,  vol.  iv,  p.  1060.^ 

«  The  follt»wing  are  the  facts  of  this  case,  as  narrated  by  Marc  (Manuel  d'Autopsio 
Cadnvdrique  Medico-L^gale,  p.  1G5)  on  the  authority  of  Prater:  A  woman  convicted 
of  infanticide  was  condemnea  to  die  by  drowning.  This  punishment  was  formerly 
inflicted  in  Germany  according  to  the  now  obsolete  Caroline  law,  the  culprit  being 
inclosed  in  a  sack  with  a  cock  and  a  cat,  and  sunk  to  the  bottom  of  the  water.  In 
this  instance,  the  woman,  after  having  been  submerged  for  a  quarter  of  an  hour,  was 
drawn  un,  and  npctntaneously  recovered  her  senses.  She  stated  that  she  had  become 
insensible  at  the  moment  of  her  submersion  ;  a  circumstance  which  adds  considerable 
weight  to  the  supposition,  based  upon  the  post-mortem  appearances  in  many  cases  of 
drowning,  that  death  often  takes  place  as  much  by  Syncope  (or  primary  failure  of  the 
heart's  action,  consequent  upon  sudden  and  violent  emotion,  or  upon  physical  shock) 
as  by  Asphyxia,  if  the  reality  of  this  state  of  Syncopal  Asphyxia  be  admitted,  there 
does  not  seem  any  adequate  reason  for  limiting  the  possible  persistence  of  vitality  in 
a  submerged  body,  even  to  half  an  hour;  especially  if  the  temperature  of  the  water 
be  such  as  not  to  cause  any  rapid  abstraction  of  its  heat. 
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an  hour  had  interveoed  betweeo  birth  and  the  employtnent  of  resupcitaritii; 
means,  and  when  probably  a  much  longer  time  had  elaj^ed  from  ihe  ftcriod 
of  the  suspension  of  the  clreul&tioD, 

324.  The  phenomena  presented  In  Asphyxia,'  whether  y>r.^i ».,>..!  Iw  ^i^, 
denly  cutting  off  the  supply  of  air,  or  more  slowly  by  i^erii.  t 

to  breathe  through  a  narroiv  chink,  are  Tery  similar^  thvm-M  m  MMw»u*r 
case,  the  successive  stages  can  be  more  easily  tbl lowed.  In  tlie  first  in^Uofc 
there  are  violent  inspiratory,  followed  after  a  short  time  by  equally  viujfut 
expiratory  efforts,  which  culminate  in  convul&ions,  the  abdominal  and  ottiri 
expiratory  muscles  being  those  chiefly  affected.  When  the  acoej^  of  air  to 
the  lungs  has  been  suddenly  prevented,  the  expiratory  conviilsionf  nilii 
spasms  of  the  muscles  of  the  limbs  occur  within  the  first  minute,  and  are  lo 
niarked  and  peculiar  as  to  have  been  attributed  to  the  excitation  of  an  extii- 
ralory  convulsive  centre.  During  this  period  the  tension  of  the  bbiofl  hi  m 
vessels  is  greatly  increased.  Alter  the  convulsions  have  lasted  a  few  ^coofi* 
they  often  cease  suddenly,  and  are  followed  by  a  period  of  eahn*  The  eipi* 
ratory  movements  cease,  efibrts  to  inspire  occur  with  long  but  tolerably  regu- 
lar inlervaU  between  them,  and  at  each  effort,  when  the  occluaiou  of  the 
trachea  has  been  sudden,  the  blood-pre&iure  falls,  so  that  at  the  end  of  the 
second  minute  it  is  considerably  less  than  natural;  when,  howevar,  Aitphyita 
has  been  slowly  produ4^d,  the  blood -pressure  as  well  as  ihe  frequency  oftHc 
heart's  beats  continue  to  incr^jie  during  this  fieriod*  Reflex  movemeDti 
DOW  eeasse,  and  the  pupil  becomes  widely  dilated  and  insensible  to  light  h 
suddeuly  produced  and  complete  Asphyxia  death  ensues  in  the  elmr?^  rf 
three  or  four  minutes,  preceded  by  inspiratory  movements  whirh  are  slow, 
feeble,  and  irregular,  two  or  three  efforts  being  made  successively,  followed 
by  a  hmg  pause.  In  the  spa.«m3  which  accompany  the  tlnal  ga.*p  tlie  head 
is  thrown  back,  the  trunk  is  straightened  or  arched  backward,  and  the  liiubi 
are  extended,  whilst  the  mouth  gapes,  and  the  na-^tnls  dilate.  Th^a*?  tjo- 
called  stretching  convulsions  are  of  quite  a  different  type  from  the  previoadT 
m eu t i on ed  e xpi  ra tory  co n  v u  1  sio ns.  The  au gm e n ta t ion  o f  th e  b Um yd -prtsdore 
which  occurs  during  the  first  period  of  A.^phyxia,  h  occasioued  by  the  <*ireu- 
lation  of  nou*arlerialized  blood  through  the  vaso-raotor  centre,  the  exfiiatian 
of  which  causes  contraction  of  the  smaller  arteries.  The  effect  of  thi^  cm* 
traction  is  to  fill  the  venous  system,  which  becomes  still  more  di!<ti*nd«?d  hy 
the  obstacle  to  the  onward  movement  of  the  blood,  presented  by  the  eon* 
traction  of  the  expiratory  muscles  of  the  trunk  and  extremities.  Th**  heart 
being  abuadantly  supplied  with  blood,  fills  rapidly  during  diastole  and  ewci- 
tracts  vigorously,  in  cousetjuence  of  which,  and  of  the  increased  resistance 
in  front,  the  arterial  pressure  rises.  This  last  effect  is,  however,  temporary: 
the  diastolic  intervals  being  lengthened  by  the  excitation  of  the  inhihiiory 
nervous  system,  and  the  heart  iti^lf  weakened  by  defect  of  oxygen,  the  or^a 
soon  pa&ees  into  a  state  of  diastolic  relaxation*  IM  contraciif>os  lw^?ojne 
more  and  more  ineffectual  till  they  finally  cease,  leaving  the  arterir^i?  <?iapjyf 
the  veins  distended,  and  its  own  cavities  relaxed  and  full  of  blood.  Tbt 
heart's  contractility  is  not  finally  lost,  however,  nearly  es  soon  as  it^  mnve- 
mmU  eea^e ;  for  the  action  of  the  right  ventricle  may  be  renewed,  for  ?omfl 
time  after  it  has  stopf>ed,  by  withdrawing  a  portion  of  its  contents — cither 
through  the  pulmonary  artery,  their  natural  channel — or,  more  directly,  bf 
an  opening  made  in  it^  own  pariele^,  in  the  auricle,  or  in  the  jugular' vtiti 
(§  237),    On  the  other  hand,  the  left  ventricle  may  \ye  again  set  in  actioOir, 


I  S*?o  Biirdon-Sttnder»tm  in  the  Hjindbopk  for  the  Phjiiol^gtcil  Laboratory,  IfTS,  ~ 
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by  renewing  its  appropriate  stimulus  of  arterial  blood.^  Hence,  if  the  stop- 
page of  the  circulation  have  not  been  of  too  long  continuance,  it  may  be  re- 
newed by  artificial  respiration  ;'  for  the  replacement  of  the  carbonic  acid  by 
oxygen  in  the  air-cells  of  the  lungs,  restores  the  circulation  through  the  pul- 
monary capillaries;  and  thus  at  the  same  time  relieves  the  distension  of  the 
right  ventricle,  and  conveys  to  the  left  the  due  stimulus  to  its  actions. — Of 
tbe  mode  in  which  the  pulmonary  circulation  is  thus  stagnated  by  the  want 
of  oxygen,  and  renewed  by  its  ingress  into  the  lunes,  no  other  consistent  ex- 

Elanation  can  be  given,  than  that  which  is  based  on  the  doctrine  already 
lid  down  in  regard  to  the  capillary  circulation  in  general  (§  269) ;  namely, 
that  the  performance,  of  the  normal  reaction  between  the  blood  and  the  sur- 
rounding medium  (whether  this  be  air,  water,  or  solid  organized  tissue)  is  a 
condition  necessary  to  the  regular  movement  of  the  blood  through  the  ex- 
treme vessels.  That  no  mechanical  impediment  to  its  passage  is  created  (as 
lome  have  maintained)  by  the  want  of  distension  of  the  lungs,  has  been  fully 
proved  by  the  experiments  of  Dr.  J.  Reid  on  the  induction  of  Asphyxia  by 
the  respiration  of  nitrogen ;  at  the  same  time  it  must  be  admitted  that  the 
oontraction  of  the  smaller  arteries  is  a  very  important  factor  in  the  arrest  of 
the  circulation  in  the  pulmonary  capillaries  of  the  lungs,  since  it  is  in  accord- 
ance with  what  is  elsewhere  seen  when  the  vaso-motor  centres  are  stimulated, 
and  is  .very  certainly  deducible  from  the  phenomena  of  pressure  observed  in 
the  arteries  and  veins  respectively.' 

329*.  It  is  obvious  that  by  the  repeated  passage  of  the  same  air  through 
the  lungs,  it  must,  though  originally  pure  and  wholesome,  become  so  strongly 
impr^nated  with  carbonic  acid,  and  must  lose  so  much  of  its  oxygen,  as  to 
be  rendered  utterly  unfit  for  the  continued  maintenance  of  the  aerating  pro- 
cess; so  that  the  individual  who  continues  to  respire  it,  shortly  becomes 
asphyxiated.  There  are  several  well-known  cases,  in  which  the  speedy 
death  of  a  number  of  persons  confined  together  has  resulted  from  neglect  of 
the  most  ordinary  precaution  for  supplying  them  with  air.  That  of  the 
"Black  Hole  of  Calcutta,"  which  occurred  in  1756,  has  acquired  an  un- 
enviable pre-eminence,  owing  to  the  very  large  proportion  of  the  prisoners — 
123  out  of  146 — who  died  during  one  nif/hfs  confinement  in  a  room  18  feet 
tquare,  only  provided  with  two  small  windows  ;  and  it  is  a  remarkable  con- 
firmation of  the  views  formerly  stated  (§  228),  aud  presently  to  be  again  ad- 
verted to,  that  of  the  23  who  were  found  alive  in  the  morning,  many  were 
sobsecjuently  cut  oflT  by  "  putrid  fever."  Such  catastrophes  have  occurred 
even  m  this  country,  from  time  to  time,  though  usually  upon  a  smaller 

1  Setschenow  bns  made  some  important  researches  on  the  amount  and  kind  of  gases 
contained  in  the  blood  of  asphyxiated  animals  (dogs).  He  found  that  only  traces  of 
oxygen  could  be  discovered  in*  either  the  venous  or  arterial  blood :  the  quantity  of 
nitrogen  varied  from  1  to  2  parts,  of  free  carbonic  acid  from  28  to  38.8  parts,  and 
of  c«>mbined  carbonic  acid  from  1.7  to  4  part?.  (Henle  and  Meissner,  Bericht,  1850, 
p.  805.) 

•  Of  the  two  chief  modes  of  performing  this  operation,  Dr.  Silvester's  method  of 
alternately  raising  and  depressing  the  arms,  15  or  16  times  in  the  minute,  of  which 
Dr.  Bains's  is  only  a  modification,  appears  to  be  far  preferable  to  Dr.  Marshall  UhU's 
method  of  rotating  the  body  half  over,  and  pressing  on  its  chest.  See  Marshall 
Bairs  work  on  Drowning,  Med.  Times  and  Gaz.,  1858,  vol.  i,  pp.  147,  176  et  scq., 
and  Mcd.-Chir.  Transact,  vol.liii,  1870,  p.  291. 

•  For  a  fuller  discussion  of  the  pathology  of  Asphyxia,  see  the  Cyclop  of  Anat.  and 
Phys.,  art.  Asphyxia,  by  Prof.  Alison;  the  Library  of  Practicaf  Medicine,  vol.  iii, 
art.  Ai^phyxia,  by  the  Author ;  Experimental  Essays,  by  Dr.  J.  Reid,  On  the  Order 
of  Succei^Mon  in  which  the  Vital  Actions  are  arrested  in  Asphyxia,  in  the  Edinb. 
Med.  and  Surg.  Journ.,  1841,  and  in  his  Anat.,  Physiol.,  and  Pathol.  Kesearches  ; 
and  the  Experimental  Inquiry  by  Mr.  Erichsen,  in  the  Edinb.  Med.  and  Surg. 
Journ.,  1845. 
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scale;  there  has  happened  one  at  no  dUtant  date,  liowever,  whi«:h  nTftM 
it  ill  tmir^nitude.  On  ihif  night  of  the  Ut  of  Decf*ml>er,  1848,  tiir  4eck 
pas^tuigi  i-s  on  buartt  the  IH^fj  steiinier  Lunih>mWry  were  ord^^rod  Waw  bv 
the  captain,  m\  ncconut  of  {[w  &toriny  churautei'  iif  tlie  weather ;  and  iiUW|(ii 
they  were  crowd  ml  into  a  cabin  far  too  smM  for  iheir  aecamtnodatton,  dm 
hatelieB  were  closed  down  upon  them.  The  const^tiueiice  of  thi^  vtm,  thai 
out  of  150  individuals,  no  fewer  than  70  were  suffocated  hefiire  the  niorniug. 
320.  It  cannot  be  too  strongly  iniprc^^d  upon  the  Medical  practitioner* 
however  J  and  through  him  npon  the  Public  in  general ,  that  the  contimwl 
respiration  of  an  atmoi^phere  charged  in  a  far  inferior  degree  with  the  exhtb* 
tions  from  the  Lungs  and  Skin,  h  amongst  the  most  potent  of  all  the  "pre- 
diijposing  causes"  of  disease,  and  especially  of  those  ziimotic  d'  Ik 

propagation  seems  to  depend  upon  the  presence  of  ferment  able  ■  ti*t^ 

blood.  That  such  is  really  the  fact^  will  appear  tVoni  evidence  tt>  Ik-  pa^t^titly 
referred  to  ;  and  it  i,s  not  difficult  to  find  a  complete  and  satrsfai'torr  rx^^fanii- 
tion  of  it.     For,  as  the  jiresence  of  even  a  small  [>ercentage  of  <  mi  \ 

in  the  respired  air  is  sufficient  to  cause  a  serious  diminution  hi  ^iiiit 

of  carbonic  acid  thrown  off  and  of  oxygen  absorbed  (§  810)»  it  follow?  tbftt 
thtise  oxidatiug  processes  which  minister  to  the  elimination  of  cttcte  njaiU'f. 
from  the  syi^ieni,  nmst  he  imperfectly  performed,  and  that  an  accumulalioa| 
of  substances  tending  to  putrescence  must  take  place  in  the  bloixl.     Heoo 
there  will  probably  be  a  eonsidemble  increase  in  the  amonntof  «uch  mat  ten] 
in  the  ptdmonary  and  cutaneous  exhalation ;  and  the  unrenewed  air  will  b^ 
come  charged,  mk  only  with  carbonic  acid,  but  al^so  with  organic  matter  in  i 
state  of  decomp>*fition,  and  will  thus  favor  the  accumulation  of  both  tbew  ^ 
morbitic  sjubstancej*  in  the  blood,  lUi^tcad  of  eileetiug  that  constant  and  oim* 
plete  removal  of  them,  which  it  is  otie  of  the  chief  end^  of  lb*  ioryj 

process  to  accomplish, — It  has  been  customary  to  consider  the  uocij 

of  imperfect  respiration,  as  being  exerted  merely  in  promoting  an  ULiUO 
tion  of  carbonic  acid  tn  the  system,  and  in  thus  depressing  the  vital  poi 
and  rendering  it  prone  to  tiie  attacks  of  disease.     But  the  deBciency  of 
oxygenation,  and  the  consequent  increase  of  putrescent  matter  in  the  Unly,  { 
must  he  admitted  as  at  least  a  concurrent  agency;  and  when  it  is  borne  in 
mind  that  the  atmosphere  in  which  a  number  of  persons  have  been  coufioed  | 
for  some  time  becomes  actually  oflensiv^e  to  the  smell  in  con&equeuct3  of  lh«  I 
accumulation  of  such  exhalations,  and  that  (as  wilt  presently  a|i|M^ar>  thf» 
accumulation  exerts*  precisely  the  same  influence  upon  the  j^pread  of  zymotic 
disease  £is  that  which  is  afforded  by  the  diffusion  of  a  sewer-atmo?phen?  thnjiig^i  i 
the  respired  air,  it  scarcely  admits  of  reasonable  doubt,  that  iht'  (mrnicii>y«l 
effect  of  overcrowding  is  exerted  yet  more  through  its  t^^ndency  lo  prop 
putre.scence  in  the  system,  than  tb rough  the  obstruction  it  ci^CHie*  lo  lh#^l 
elimination  of  carbonic  acid  from  the  blood*     For  it  is  to  Im  n'mrmben 
that  whilst  the  complete  oxidation  of  the  effete  matters  will  carry  iUtm  otf  by 
the  lungs  in  the  form  of  carbonic  acid  and  water,  leaving  ur^^-a  and  ulbcr  j 
highly  azoiized  prcjducts  to  pass  off  by  tlie  kidneyi,  an  imper/rel  oxitJatina' 
will  only  convert  thera  into  those  peculiarly  offensive  productti  which  chir- 
Bcterize'the  fecal  excretion  (§  131  )J 


*  It  la  a  rijmarkftble  confirmation  of  Prof»  Lif^bigV  niiMlacry  Ih4wim*ti  the  ■' 
oKidution  of  eflot^t•  miUtprsi  within  tht*  hoi^y%  i\nd  ihhl  cnnituisiiim  iu  n  Unifi  ■ 
insufficiently  supplied  with  tor  which  aiu&cs  ft  deposit  of  £it«»rHml  vwHi^ti^ 
produet^j  thul  n  9H  of  iitidfl  Uavu  been  fnuiMl  hy  .^tiid^der  in  ihr'  urifii*  oi 

ing  a  cXma  imalogy  to  wi4l*known  products  of  destructive difttUlHiiori,  lu. 

HctuMlly  iiteiincnl  with  the  carhahe  neid  proviomly  kni>wn  »*  one  of  ihf*  mgrwlrwill  1 
gf  iinaki*.^8ee  Fruf.  Or^gfiry^s  Uttndbgok  of  Orgiinio  Cboini»|ryi  p.  150. 
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327.  The  determination  of  the  cubic  space  which  ought  to  be  allowed  for 
each  person  in  workhouses,  schools,  and  prisons,  is  a  subject  of  great  practi- 
cal importance.  It  is  to  be  borne  in  mind  that  it  is  not  sufficient  for  health 
that  a  room  should  contain  the  quantity  of  air  requisite  for  the  support  of 
its  inhabitants  during  a  given  time  only,  since  afler  they  have  remained  in 
it  but  a  part  of  that  time,  the  amount  of  carbonic  acid  and  other  products 
of  disintegration  which  its  atmosphere  will  contain  will  b^  large  enough  to 
interfere  greatly  with  the  due  aeration  of  their  blood;  but  care  ought  to  be 
taken  that  the  air  is  renewed  so  frequently  that  the  amount  of  carbonic  acid 
gas  does  not  exceed  at  most  one  part  per  1000.  A  small  room  with  several 
people  in  it  may  be  better  ventilated  than  a  larger  one  with  few  inhabitants, 
if  provisions  for  the  renewal  of  the  air  in  it  are  superior ;  and  it  is  fortunate 
that  a  considerable  amount  of  fresh  air  is  introduced  into  all  houses  of  modem 
construction  by  what  may  be  termed  spontaneous  ventilation,  as  distinguished 
firom  the  special  arrangements  made  by  builders  and  architects.  This  spon- 
taneous ventilation  is  effected  through  the  crevices  of  the  doors  and  windows, 
especially  when  open  fireplaces  are  used  as  in  England,  and  Pettenkofer^ 
has  shown  that  a  largo  and  hitherto  unsuspected  interchange  of  air  takes 
place  even  through  the  walls.  Thus  in  one  case  where  the  room  had  brick 
walls,  and  its  size  was  2650  cubic  feet,  with  a  difierence  of  temperature  of 
34**  F.  (66°  F.  in,  32^  outside),  the  contents  of  the  room  changed  once  in 
one  hour,  a  quantity  of  air  equal  to  2650  feet  entering  in  that  time.  With 
the  same  difference  of  temperature,  but  with  a  good  fire  in  the  stove,  the 
communication  of  which  with  the  chimney  was  made  as  free  as  possible,  the 
change  of  the  air  rose  to  3320  cub.  feet,  or  about  25  per  cent.  When  all 
openings,  crevices  in  windows  and  doors,  were  thoroughly  pasted  up,  there 
was  still  a  change  of  1060  feet  per  hour,  or  a  fall  of  28  per  cent.  With  a 
difference  of  temperature  of  71°  in,  and  64°  outside,  the  change  amounted 
to  780  cubic  feet  only  per  hour,  and  when  a  window  of  8  feet  square  was 
opened  the  change  rose  to  1060  feet  per  hour.  These  quantities  are  instruc- 
tive: they  show  that  a  difference  of  temperature  of  34^  with  carefully  shut 
openings  and  crevices,  is  of  greater  infiuence  than  large  communications  with 
the  outer  air  at  a  small  difference  of  temperature,  and  that  a  large  ward  or 
room  with  one  fireplace  is  not  necessarily  well  ventilated.  Pettenkofer 
found  that  in  one  of  his  rooms  when  the  difference  of  temperature  between 
the  inside  and  outside  was  9.5°  F.  the  spontaneous  ventilation  through  each 
square  yard  of  the  wall  amounted  to  about  7  cubic  feet  or  43  gallons  per 
hour.  The  material  of  which  the  wall  is  constructed  of  course  exerts  a  great 
influence  on  the  spontaneous  ventilation ;  thus  Miirker  and  Schultze  found 
in  their  researches  on  the  spontaneous  ventilation  of  stables,  that  for  one 
square  yard  of  free  wall  at  9.5°  F.  difference  of  temperature,  the  spontaneous 
ventilation  amounted  per  hour — with  walls  of  sandstone  to  4.7  cub.  feet,  of 
quarried  limestone  to  Q,o,  of  brick  to  7.9,  of  tufaceous  limestone  to  10.1,  and 
of  mud  to  14.4  cubic  feet.  The  renewal  of  air  should,  if  possible,  be  so 
regulated  that  no  draught  or  sensation  pf  air  in  motion  is  experienced.  The 
OMervations  of  Pettenkofer  and  Voit  made  in  their  great  apparatus  at  Mu- 
nich show  that  no  resistance  or  sense  of  coolness  is  felt  at  ordinary  tem|)era- 
ture  if  the  hand  be  moved  at  a  less  rate  than  19  inches  per  second,  and  that 
as  a  rule  the  motion  of  the  air  is  only  felt  distinctly  when  it  amounts  to  3i 
feet  per  second.  The  velocity  of  the  air  as  measured  by  the  anemometer  in 
this  climate,  is  about  10  feet  per  second,  which  would  make  about  7  miles 

*  See  three  Lectures,  entitled  The  Air,  in  relation  to  Clothing,  Dwellins:,  and  Soil, 
delivered  before  the  Albert  Society  of  Dresden,  and  translated  by  Aug.  Hess,  M.D., 
1874. 
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perliour;  conseqtjently  in  one  second  alMiiit  90  cubic  feet,  in  one  ui^ 
&400  cubic  feet,  and  in  one  hour  324,000  cnbic  feet  of  air  flow  ov&r 
pcreon  in  the  open*  In  experimentif  made  in  France  in  eouneciion  wiili  die 
const  ruction  of  the  Hopkal  Lariboiaicire  with  a  ventilation  of  350  euh.  feet  \Mti 
bed  per  hour,  the  ttmell  was  so  bad^  that  the  authorities  at  once  directed  ihft 
quantity  to  be  duubied ;  but  then  also  the  state  of  the  air  was  anyihiiig  Imt 
flesirabioj  and  it  wa.^  only  when  the  amount  reached  2120  cubic  feet  |wr 
hour  that  the  air  was  found  to  he  free  from  perceptible  taint,  PetteuUfei 
and  Voit  therefore  conclude  that  this  amount  of  fre^b  air  f>er  bed  |Mir  hour, 
repre.^enting  |3,^th  of  the  air  flowing  over  the  body  in  the  open,  ih  otHjesfary 
for  the  due  ventilation  of  hos<pitals,  school -rooms,  etc,  Petienkt*ftfr  utid 
Voit^  found  that  no  discomfort  was  experienced  rrorii  long  **3£]io5iire  f*>  m 
atmosphere  containing  10  partes  of  carbonic  acid  in  1000  part*,  prt^vtilrtig 
thij^  had  been  addeil  to  the  air  in  a  pure  state;  but  if  the  same  qumutity  ^^k 
present  as  a  result  of  the  respiraiion  of  several  people,  serious  iuciiti\'euit^iice 
was  soon  felt ;  and  siniilarly  Dr,  Snow  observed  that  the  preJience  of  airlHUiir^ 
acid  in  the  atmosphere  acts  more  deleteriously  upon  the  system  in  |^mp^ 
tion  m  the  normal  tjuaniity  of  oxygeti  is  reduced.  Thus  various  biril)<  nml 
mamraak  introduce*!  into  an  atmmpbere  containing  only  from  lOJ-Hiptr 
cent,  of  oxygen  soon  died,  although  means  were  taken  to  remove  the  taif- 
tonic  acid  set  free  by  their  respiration  m  fast  hb  it  wns  tbrmecl,  whilst  m  la* 
crease  in  the  proportion  of  carlmnic  acid  to  12  or  even  20  per  cent.^thi*  p^ 
centtige  of  oxygen  being  kept  to  m  j*egulur  s^landard  of  21  j>er  cent., — flid 
not  appear  to  enfeeble  the  vital  actions  more  rupidly  than  did  the  n^ductiim 
of  the  oxygen  in  the  experiments  just  referred  Uk  Beruard*  morcov<*r  I'ouitif 
that  a  bird  which  lay  exhausted  from  breathing  in  a  limited  quantiiy  of  ni 
recovered  it^self  when  the  carbuuic  acid  was  partially  absorbed  by  cnusftia] 
potash.  He  observed  also  that  the  circuhition  of  blood  chargetl  with  rmr- 
bonic  acid,  rapidly  arrested  the  activity  of  the  secretory  organn,  a*  ibc  kid- 
neys, which  recomineuced  to  discharge  their  function  as  soon  as  axygeaatfd, 
blood  was  allowed  to  pass  through  thenu  The  proportion  of  carlnniic  ttriJ 
present  in  the  air  of  large  towns  has  been  examined  by  Dr.  Koscoe/  by  Dr. 
Angus  Smith,*  and  by  Mr.  Leigh.^  Dn  Eoscoe  found  the  usual  pr<>p**rti( 
of  carbonic  acid  in  the  air  of  London  to  be  3.7  parts  in  10,lXM);  whit<t  t 
proportion  in  Manchester,  according  to  Dr.  Smith,  was  12  partes  in  |iVK)0, 
on  a  still  day,  and  from  4.5  U^  8  parts  in  10,000  on  a  windy  ilay,  Fmra 
experiments  made  with  permanganate  of  potash,  he  ascertained  that  on  thf 
high  grounds  north  of  Manchester  there  existed  but  t  grain  of  organic  maU^ 
in  200,000  cubic  inches  of  air,  whilst  in  close  places  in  the  town  th*^r»*  wa*  I 
grain  in  8000  cubic  inches.  According  to  Braconnot,*  the  black  panirJ^y 
always  Moating  in  the  atmt^phere  of  large  towns  consist  chiefly  of  carUti, 
bitumen,  and  sulphate  of  ammonia.  Mr.  Leigh  finds  a  small  quatitUv  of 
sulphuretted  hydrogen  in  the  air  of  Manchester  The  air  of  HTWrr>i,  aad 
generally  air  loaded  with  c^^ganic  matters,  has  an  alkaline  reaction,  from  the 
presence  of  ammonia  and  ammonium-sulphide-  The  numerous  rc6earch«i 
that  have  been  undertaken  both  in  this  country  and  abroad,  c^prcially  lh< 
by  Fettenkofer,  show  that  the  poiaou  both  of  cholera,  and  of  typhoid, 


1  An  nbfrtrnct  of  ihc^e  Qkervntic^ns  will  be  found  in  tbo  Med.  Tiitic^  and 
for  18H2,  p.  451*. 

*  Bernurd}  biquides  d©  VOpgiinIsm,  1859,  voh  i,  p.  606, 

*  QiiHrieriv  Journal  of  Iht*  Chemical  Society,  ISoTj  and  M(Hi.*C1iir*  Bovlew,  1S81| 
p,  129. 

*  On  the  Air  of  Towns,  tjiioted  m  Mcd,-Chir.  Rev.»  18<JU  voL  ti,  p,  4Z$, 

*  Sae  Twe(ity*ninlb  Anrmal  Rt^port  of  the  HegwL  (Jen  ,  IB^. 
■  Anneib  dtj  CUiuite  ut  d<j  Ph/i.i  t.  jt^rnili, 
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perhaps  of  typhus  fever,  is  associated  with  decomposing  excrements,  which 
nave  either  dried  and  then  having  become  reduced  to  a  pulverulent  form 
float  in  the  air,  and  are  taken  into  the  system  by  the  lungs,  or  are  held  in 
suspension  in  water,  and  are  thus  introduced  into  the  body.  The  remarka- 
ble experiments  of  Tyndall  and  of  Cunningham  demonstrate  incontestably 
that  a  large  number  of  organic  particles  are  constantly  floating  in  the  air, 
some  of  which  are  probably  the  germs  of  infectious  disease  which  only  re- 
quire a  favorable  soil  on  which  to  germinate.  In  all  large  towns  difficulty 
is  experienced  in  the  removal  of  excrementitious  matters ;  cesspools,  whicn 
are  primitive  means  of  disposing  of  such  material,  cannot  be  permanently 
useci  in  large  towns,  though  they  are  still  far  too  commonly  employed. 
Even  direct  draining  into  the  sea,  unless  the  sewers  are  carred  out  for  a 
very  long  distance,  has  been  found  ineffective,  the  water  near  the  shore  soon 
becoming  fetid  and  impure.  When  an  extensive  system  of  drains,  as  in 
London,  is  in  operation,  fresh  and  unlooked-for  dangers  arise :  the  houses 
warmed  in  winter  constitute  so  many  flues,  which  suck  up  the  foul  air  of 
the  cooler  drains,  and  typhoid  fever  in  a  more  or  less  virulent  form  makes 
its  appearance.  The  adoption  of  earth-closets,  though  practicable  in  country 
districts,  is  inapplicable  in  town.  Probably  little  improvement  will  be  made 
for  a  long  period  to  come  upon  the  plan  which  is  now  becoming  general  in 
London,  of  an  unlimited  water  supply  to  each  house,  the  water  flowing  into 
drains  which  conduct  the  fluid  to  a  distance  of  several  miles,  where  having 
discharged  itself  into  large  tanks,  it  is  deodorized,  and  then  applied  to  the 
fertilization  of  the  surrounding  soil.  Pettenkofer  has  recently  drawn  atten- 
tion to  the  importance  of  investigating  the  condition  of  the  soil  air  as  well  as 
of  the  soil  or  ground  water,  in  all  investigations  on  the  origin  of  zymotic 
diseases :  he  has  shown  that  a  few  feet  under  the  surface  there  is  already  as 
much  carbonic  acid  as  in  the  worst  ventilated  human  dwelling-places.  This 
quantity  increases  with  the  depth,  so  that  at  156  inches  there  is  more  than 
at  68  inches,  all  the  year  round,  except  during  the  months  of  June  and  July, 
when  an  inverse  proportion  arises.  He  attributes  its  formation  to  organic 
processes  taking  place  in  the  soil,  which  demand  further  investigation. 

328.  Of  the  remarkable  tendency  of  the  respiration  of  an  atmosphere 
charged  with  the  emanations  of  the  Human  body,  to  favor  the  spread  of 
zymotic  diseases,  a  few  characteristic  examples  will  now  be  given :  The 
dwellings  of  the  great  bulk  of  the  population  of  Iceland  seem  as  if  con- 
structed for  the  express  purpose  of  poisoning  the  air  which  they  contain. 
They  are  small  and  low,  without  any  direct  provision  for  ventilation,  the 
door  serving  alike  as  window  and  chimney ;  the  walls  and  roof  let  in  the 
rain,  which  the  floor,  chiefly  composed  of  hardened  sheep-dung,  sucks  up ; 
the  same  room  generally  serves  for  all  the  uses  of  the  whole  family,  and  not 
only  for  the  human  part  of  it,  but  frequently  also  for  the  sheep,  which  are 
thus  housed  during  tne  severer  part  of  the  winter.  The  fuel  employed  in 
the  country  districts  chiefly  consists  of  cow-dung  and  sheep-dung,  caked  and 
dried ;  and  near  the  seacoast,  of  the  bones  and  refuse  of  fish  and  sea-fowl ; 
producing  a  stench,  which,  to  those  unaccustomed  to  it,  is  completely  insup- 
portable. In  addition  to  this,  it  may  be  mentioned  that  the  people  are  noted 
for  their  extreme  want  of  personal  cleanliness ;  the  same  garments  (chiefly 
of  black  flannel)  being  worn  for  months  without  being  even  taken  off'  at 
nieht.  Such  an  assemblage  of  unfavorable  conditions,  combined  with  the 
cold,  damp  nature  of  the  climate,  might  have  been  expected  to  induce  tuber- 
cular diseases  of  various  kinds ;  but  from  these  the  Icelanders  appear  to 
enjoy  a  special  exemption  (§  66,  iii).  Syphilis,  also,  is  wanting,  or  nearly 
so;  and  yet,  notwithstanding  that  the  number  of  births  is  fully  equal  to  the 
usual  average,  the  population  is  stationary,  and  in  some  parts  actually  dimin- 


412 


or  BESPIEATtOF, 


ishiug.     This  is  partly  due  to  tbe  extent  and  iiitnlity  of  the  epidctnic  dir^ 
msea,  of  which  some  one  or  other  spreads  through  the  islanfl  jjearly  every 
year;  hot  it  is  chietly  owing  to  the  extraordinary  mortality  of  tnfaoiii  ff*jai 
Tnsmm  nmrcntiumi  which  carrier  off  a  large  proportion  of  them  betweeti  lh«  j 
fiftli  and  thu  twelfth  days  after  their  l>irlh.     It  is  in  the  little  lA&aA  of  I 
Westmannoe  and  the  opposite  parts  of  the  coast  of  IcelaotJ,  where  the  bird* 
fuel  is  used  all  the  year  round,  instead  of  (as  elsewhere)  during  a  tew  mrmtb 
only,  that  this  disease  is  most  fatal ;  the  average  mortality  for  the  lait  twenty  J 
years,  during  the  first  twelve  days  of  infantile  life*  being  uo  le.«s  thaJi  64  pef' 
cent,  or  nearly  two  out  of  three? — Now  it  is  not  a  little  remarkable  that  tk 
very  same  disease  should  have  prevailed,  under  conditiom*  alm*>st  idtfatically 
the  same,  in  the  island  of  St>  Kilda,  one  of  the  Western   Hebndt^ ;  the  j 
state  of  which  was  made  known  by  Mr,  Madean,  who  vidt**d  it  m  1838, 
The  population  of  this  island,  too,  was  diminishing  rather  than  increftj»iQ|:, 
in  consequence  of  the  enormous  infantik  mortality;  four  out  of  m^ajfirt' 
dying,  from  Tri^mud  uaaeetitium,  between  the  eigliili  and  twelfth  days  of 
their  existance.    The  groat  if  not  the  only  cause  of  this  uiortality,  was  tlie 
contambation  of  the  atmosphere  by  the  filth  amidst  which  the  jjeople  U\W. 
Their  huts,  like  those  of  the  Icelanders,  were  small,  low-roofed,  and  withoui 
windows;  and  were  used  during  the  winter  as  stores  for  the  col  I  ecti  cm  nf 
manure,  which  was  carefully  laid  out  upon  the  floor,  and  trodden  under  fool 
to  the  depth  of  several  feet.     On  the  other  hand^  the  clergy man>  who  IJvc^i 
exactly  as  did  those  around  him,  except  as  to  the  condition  of  bis  houjse|hii4 
brought  up  a  family  of  four  children  in  perfect  health  ;  whereas,  iiceonim| 
to  the  average  mortality  around  him,  at  least  three  out  of  the  four  would 
have  been  dead  within  the  first  fortnight. — Of  the  degree  in  which  this  f«?9^ 
ful  disease  is  de|>endent  upon  impurity  of  the  atmosphere,  and  is  preventt- 
hie  by  adecjuate  ventilation,  abundant  proof  is  affbi^ded  by  the  exfwricmT  of 
Hospitals  and  Workhouses  in  our  own  countnr.    Thus  in  the  Dublin  Lyia§:*itt| 
Hospital,  up  to  the  year  1872»  the  mortality  within  the  first  fortnight,  almmtl 
entirely  from  Trismus  niiacentiura,  was  1  in  every  6  children  born.    Tb«-I 
adoption,  under  the  direction  of  Dr,  Joseph  Clarke,  of  au  improved  ^y^t^m 
of  ventilation,  reduced  the  proportion  of  deaths  from  this  ctiu?je  to  1  in  1^}. 
And  further  improvements  in  ventilation,  with  increased  atlciition  to  rlmwJ 
liness,  during  the  seven  yeariH  in  which  Dr.  Collins  was  Mjislcr  of  this  ln*ti* 
tution,  reduced  the  number  of  deaths  from  this  dij^ieiise  to  no  more  than  thrwsl 
or  four  yearly,^^ — A  similar  amelioration  took  place  ahont  a  century  ago»  iaf 
the  condition  of  the  I^ondon  Workhouses,  in  which  2'i  out  of  24  infant*  htud 
previously  died  within  the  first  year,  and  a  large  i>rc)jK>rtion  of  these  within  i 
the  iii-st  month  ;  for  owing  to  a  Parliamentary  inquiry  which  was 
forth  bv  this  fearful  state  of  things,  the  proprjrtion  of  deaths  was  sp     ^ 
reduced  (chietly  by  itnpro%"ement  in  ventilation)  from  2(500  to  450  annuallT.I 
*i^.  It  appears,  indeed,  that  in  all  climates,  and  uoder  all  condition*  «f  ] 
life,  the  purity  of  the  ntnwAphere  habitually  respired  k  essential  to  the  main* 
tenance  of  that  power  of  resisting  disease,  which,  even  more  than  the  otiii*j 
nary  state  of  health,  13  a  measure  of  the  real  vigor  of  the  system.    Ff<r«{ 
owing  to  the  extmonJinary  capability  which  the  human  body  poeseases  of i 
accommodating  itself  to  circnmstauce^j  it  not  unlm^ucntly  happens  that  io*  J 
dividuals  contmue  for  years  to  breathe  a  most  un  wholesome  attnotsphenti 
without  apparently  suffering  from  it;  and  thu?,  when  they  at  lost  suecmab 
to  iome  Lpidemic  disease,  their  deatli  Is  atirihuted  solely  to  the  latter;  **^^ 


*  Sec  Ifhmd  iindcrfoi^t  fra  lagevldeuikabeligt  Syaspimct. 
M  D     Oopenhflgen,  1B4R. 
■  Bm  Dr.  Colli n» 'ft  PructicAl  Treatise  on  Midwifery^  p.  MS* 


Af  P.  A.  ScbldmcrJ 


EFFECTS   OF   RESPIRATION   OF    A    VITIATED    ATMOSPHERE.      413 

previous  preparation  of  their  bodies  for  the  reception  and  development  of 
the  zymotic  poison,  being  altogether  overlooked.  It  is  impossible,  however, 
for  any  one  who  carefully  examines  the  evidence,  to  hesitate  for  a  moment 
in  the  conclusion,  that  the  fatality  of  Epidemics  is  almost  invariably  in  pre- 
cise proportion  to  the  degree  in  which  an  impure  atmosphere  has  been  habit- 
ually respired ;  that  an  atmosphere  loaded  with  putrescent  miasmata  may 
afford  a  nidus  wherein  a  zymotic  poison  undergoes  a  marked  increase  in 
quantity  and  intensity,  Xhe  putrescent  exhalations  from  the  lungs  and  skin 
of  the  living  subject  being  at  least  as  effectual  in  furnishing  such  a  *' nidus," 
as  are  the  emanations  from  fecal  discharges  or  from  other  decomposing  mat- 
ters ;  that  the  habitual  respiration  of  such  an  atmosphere  tends  to  induce  a 
condition  of  the  blood,  which  renders  it  peculiarly  susceptible  of  perversion 
by  the  introduction  of  zvmotic  poisons,  and  which  favors  their  multiplica- 
tion within  the  system  -}  and  lastly,  that  by  due  attention  to  the  various 
means  of  promoting  atmospheric  purity,  and  especially  by  efficient  ventila- 
tion and  sewerage,  the  rate  of  mortality  may  be  enormously  decreased,  the 
amount  and  severity  of  sickness  lowered  in  at  least  an  equal  proportion,  and 
the  fatality  of  Epidemics  almost  completely  annihilated.  The  effects  of 
good  drainage  and  water  supply  have  been  recently  well  exemplified  in  the 
case  of  Salisbury :  the  average  number  of  deaths  for  the  eight  years  pre- 
ceding the  completion  of  the  drainage  in  this  town  (excluding  the  Cholera 
year)  having  been  27  in  1000,  and  for  the  same  period  since  21  in  1000 ;  an 
actual  reduction  of  almost  one-fourth  of  the  whole  number.'  And  it  cannot 
be  too  strongly  borne  in  mind,  that  the  efficacy  of  such  preventive  measures 
has  been  most  fully  substantiated,  in  regard  to  many  of  the  very  diseases  in 
which  the  curative  power  of  Medical  treatment  has  seemed  most  doubtful ; 
as  for  example,  in  Cholera  and  Malignant  Fevers. — The  practical  importance 
of  this  subject  may  be  estimated  from  the  startling  fact,  which  inquiries 

Erosecuted  under  the  direction  of  the  Board  of  Health  have  brought  to 
ght;'  viz.,  that  the  difference  in  the  annual  rates  of  mortality,  between  the 
most  healthy  and  the  most  unhealthy  localities  in  England,  amounting  to  no 
leas  than  34  in  1000,  is  almost  entirely  due  t6  Zymotic  diseases,  which  might 
be  nearly  (if  not  completely)  exterminated  by  well-devised  sanitary  arrange- 
ments. The  lowest  actual  mortality  is  11  per  1000,  while  the  highest  is  45 
per  1000 ;  and  between  these  extremes,  there  is  every  intermediate  degree  of 
range.  But  what  may  be  termed  the  inevitable  mortality,  arising  from  dis- 
eases which  would  not  be  directly  affected  by  Sanitary  improvements — is  a 
nearly  constant  quantity  throughout;  namely,  the  11  per  1000  of  those  dis- 
tricts which  are  free  from  Zymotic  disease.  The  average  mortality  of  all 
England,  in  ordinary  years,  is  about  22  per  1000,  or  just  double  that  to 
which  it  might  be  reduced ;  so  that,  taking  the  population  of  England  and 


'  A  careful  consideration  of  the  very  satisfactory  evidence  which  has  been  of  late 
years  collected  on  this  point,  must  (in  the  Author's  opinion)  satisfy  any  competent 
and  unprejudiced  inquirer,  that  endemic  Fevers,  originatini;  in  local  causes  (marsh 
miasmata  and  the  like),  and  at  first  affecting  those  only  who  are  exposed  to  such 
caoses,  may  find,  hy  the  crowding  together  of  infected  subjects,  a  nidus  for  develop- 
ment within  the  Human  system  ;  so  that  these  diseases  ilien  become  communicable 
by  human  intercourse,  although  not  so  originally. — For  a  discussion  of  this  subject, 
%iti  the  Articl<?8  on  Yellow  Fever  and  the  Fever  of  Boil  Vista,  in  the  Brit  and  For. 
Med  -Chir.  Rev.,  vols,  i,  ii,  and  iv. 

«  See  Times,  Oct.  24th,  18G.S. 

»  Sco  Summary  of  Experience  on  Disease,  and  Comparative  Rates  of  Mortality, 
by  William  Loe,  Superintending  Inspector,  1851.  Nearly  similar  numbors  are  to  be 
found  in  the  Twenty-ninth  Annual  R<»port  of  the  Rogis'trar-Genoral,  1868.  Of  13 
large  towns,  the  mortality  of  Liverpool  was  the  highest  (42  per  1000) ;  that  of  Bir- 
mingham and  Hull  the  lowest,  24  per  1000. 
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Wales  (as  by  the  last  Census)  at  20,000,000,  the  average  annual  mortality 
must  be  440,000,  of  which  only  220,000  is  inevitahle,  an  equal  amount  bebg 
preventible, 

Pettenkofer^a  Respiration  Apparatus. 

The  construction  of  Pottonkofer*8  appnratus,  with  which  so  many  important  inves- 
ligations  have  been  made,  may  here  bo  briefly  i;ivon.  A  full  description  illustntpd 
by  three  plates  is  given  in  the  Phi/sioloffische  C/temie  of  v.  G^>rup-Besanez.  It  con- 
sists essentially  of  a  sheet-iron  chamber  (a),  containing  lable,  chair,  and  bed,  from 
which  the  air  is  slowly  exhausted  by  two  pumps  (o),  worked  by  a  small  steam  engine. 
Fresh  supplies  of  air  are  admitted  through  ventilators.  The  greater  pari  of  the  sir 
is  drawn  through  b,  and  is  conducted  into  a  large  receptacle  (B)  filled  with  wet 


Fio.  164. 


pumicc-stono  in  order  to  saturate  it  with  aqueous  vapor,  and  then  enters  the  gasom- 
eter, where  its  volume  is  measurejd.  From  this  it  is  drawn  by  the  suction  of  the 
pumps,  and  having  pnsped  through  them  escapes  into  the  air.  For  the  analysis  of  the 
air  in  the  immediate  vicinity  of  the  chamber  a  tube  (/)  conducts  a  certain'quantitj, 
which  by  means  of  a  mercurial  exhausting  and  [)re$sure  pump  (f)  is  drawn  throuj^h 
the  bulb  apparatus  containing  sul|)huric  acid  (w),  it  is  then  made  to  pass  through  an 
inspiratory  mercurial  valve  (r)  into  f,  then  through  a  similarly  constructed  expira- 
tory valve  (t"')  into  the  u-shaped  tube  (m),  in  which  it  is  saturated  with  watery  vaiior 
by  "means  of  moistened  pumice-stone.  It  is  then  propelled  through  the  tube  (i)  lllled 
with  baryta  water,  by  which  the  amount  of  carbonic  acid  gas  present  is  determined. 
It  then  passes  through  the  small  meter  (D),  where  its  volume  is  determined,  and  ii 
finally  discharged  into  the  air  through  the  small  tube  (d).  For  the  analysis  of  tb« 
air,  contaminated  with  the  cutaneous  and  pulmonary  excretion  of  the  subject  of  the 
experiment,  a  small  tube  (r)  is  attached  to  the  main  discharge  tube  (r)  ;  the  air  thus 
obtained  is  conducted  through  a  series  of  apparatus  which  is  the  precise  duplicate  of 
that  just  described,  enabling  an  exact  c<unparison  to  be  instituted.  The  accuracy  of 
the  whole  method  of  investigation  was  ascertained  by  control  experiments  with  w«x 
candles,  the  products  of  the  combustion  of  which  were  compared  with  the  amount 
that  direct  analysis  showed  ouujlit  to  have  been  obtained.  The  average  error  for  the 
carbonic  acid  did  not  exceed  0  3  per  cent.,  and  for  the  water  1.5  per  cent,  for  24  boun. 
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CHAPTER  X. 

OF   NUTRITION. 

1.   General  Considerations. — Formative  Power  of  Individual  Parfs. 

330.  The  function  of  Nutrition,  considered  in  the  widest  acceptation  of 
the  term,  includes  that  whole  series  of  operations  by  which  the  alimentary 
materials — prepared  by  the  Digestive  process,  introduced  into  the  system  by 
Absorption,  and  carried  into  its  penetralia  by  the  Circulation — are  converted 
into  Organized  tissue ;  but  in  a  more  limited  sense  it  may  be  understood  as 
referring  to  the  last  of  these  operations  only,  that  of  Histogenesis  or  tissue- 
formation,  to  which  all  the  other  organic  functions,  in  so  far  as  they  are  con- 
cerned in  maintaining  the  life  of  the  individual,  are  subservient,  by  preparing 
and  keeping  in  the  requisite  state  of  purity  the  materials  at  the  expense  of 
which  it  takes  place.  Every  integral  part  of  the  living  body  possesses  a 
certain  capacity  for  growth  and  development,  in  virtue  of  which  it  passes 
through  a  series  of  successive  phases,  under  the  influence  of  the  steady  Heat, 
which  in  the  warm-blooded  animal  is  constantly  acting  upon  it ;  this  capac- 
ity being  an  endowment  which  it  derives  by  direct  descent  from  the  original 
germ  (chap,  i),  but  undergoing  a  gradual  diminution  with  the  advance  of 
life  (chap,  xx),  until  the  power  of  maintenance  is  no  longer  adequate  to  an- 
tagonize the  forces  that  tend  to  the  disintegration  of  the  system.  It  has  been 
also  shown  (chap,  vii),  that  notwithstanding  the  diversities  in  the  structure 
and  composition  of  the  several  tissues,  the  Blood  supplies  the  materials  which 
each  requires ;  every  tissue  possessing  (so  to  speak)  an  elective  affinity  for 
some  particular  constituents  of  that  fluid,  in  virtue  of  which  it  abstracts  them 
from  It,  and  appropriates  them  to  its  own  uses. — But  it  has  been  shown,  on  the 
other  hand,  that  the  "  formative  capacity"  does  not  exist  in  the  tissues  alone, 
but  is  shared  by  the  Blood,  which  must  itself  be  regarded  as  deriving  it  from 
the  original  germ  ;  for  there  are  certain  simple  kinds  of  tissue,  which  appear 
to  take  their  origin  directly  in  its  plastic  components.  Of  others,  which 
cannot  be  said  thus  to  originate  in  the  blood,  the  development  seems  to  be 
entirely  determined  by  the  quantity  of  their  special  pabula  which  it  may 
contain.  Thus,  an  increase  of  Adipose  tissue  takes  place,  when  the  blood 
habitually  includes  an  unusual  amount  of  fat ;  an  augmentation  in  the  pro- 
portion of  the  Red  Corpuscles  of  the  blood  may  be  distinctly  observed  (espe- 
cially if  it  has  been  previously  diminished  unduly),  when  an  additional  sup- 
ply of  iron  is  afforded;  and  when  one  of  the  Kidneys  has  been  removed,  or 
18  prevented  by  disease  from  performing  its  normal  function,  the  other,  if  it 
remain  healthy,  undergoes  an  extraordinary  increase  in  size,  so  jis  to  per- 
form the  duty  of  both  organs,  the  augmented  development  of  its  secreting 
structure  being  here  also  fairly  attributable  to  the  accumulation  of  its  ap- 
propriate materials  in  the  blood.'     Even  of  those  tissues  which  must  be  con- 


•  This  principle  is  one  most  fertile  in  Patholojjical  applications ;  for  there  can  be 
little  doubt  that  the  development  of  many  morbid  growths  is  due,  not  so  much  to  a 
perverted  local  action,  as  to  the  presence  of  certain  morbid  matters  in  the  hlood, 
which  determines  the  formation  of  tissues  that  use  them  as  their  appropriate  prtbulum. 
Such  is  pretty  obviously  the  case  with  those  disorders,  which  (like  the  Exanthemata) 
are  universally  admitted  to  be  of  *<  constitutional  ^'  character,  and  which  are  dis- 


416 


OF    NUTRITION. 


eltlered  as  luogt  iridepeiirl^Lit  and  self-sustaining,  tlie  flevelopmc"^  -  ■  ^Tilf 
eheckiid  by  tlie  waot  of  a  due  supply  of  their  appropriate  iiki-  iE  it 

IB  modified  ill  a  very  remftrkable  degree  by  the  presence  of  fibiii>r»uul  ?ub- 
stances  m  ihe  blood,  whieh  single  out  jmrtieular  part^,  aud  effl'ct  dt-li^rTnifttle 
alterations  iu  their  uutritioD,  in  such  a  constant  manner  as  to  show  i\w 
€3C  Isle  nee  of  a  |>eeuliar  "elective  affinity**  l>etvveen  them. — In  ^o  far.  iheu* 
as  the  process  of  Kutrition  h  dependent  U[)on  the  due  supply  and  uormaJ 
state  of  the  Bh>od,  its  conditions  have  been  already  sufficiently  diseuj4?eii; 
and  we  have  now  only  to  consider  it  in  its  relations  to  the  Tis^ucd, 

331.  The  demand  for  Nutrition  primarily  arises  from  the  teudency  of  ibe 
organism  to  Binjple  Increase  or  GrotvtL  Of  this  we  have  the  most  diameter- 
istic  illustration  in  the  multiplication  of  the  first  embryonic  cell  by  ib^  sim- 
ple process  of  "duplicative  subdivision;"  whereby  a  multitude  of  tvlb  ia 
produced,  every  one  of  which  is  si  mi  Jar  in  all  essential  partimlars  to  llie 
onginaU  Rut  alter  the  di  tie  rent  parts  of  this  honiogeneous  eiubrvMmc  miytt 
have  taken  upon  thern^lves  their  resfjective  mmfes  of  dev^  '  -  Ut 
genera te  a  diversity  of  tissues  and  organs,  each  one  of  t!.  -  i^ 
increa?a  after  its  owu  plan;  anrl  thus  the  clnid  becomes  ihe  adult,  wUii  mm- 
pamtively  little  change  but  that  of  growtli  (cfmp,  xviti,  secH.  4k  An  ex- 
cess of  growth,  taking'  place  conformably  to  the  nornml  plan  of  tbf  ti^ae  or 
organ,  constitutes  Jlrfpf^rtrophjn  whiM  a  dimiuution,  wiih(Hii  ilogcueralioQ 
or  altemtiou  of  structure,  is  that  whieb  is  projwrly  distinguisbeil  as  vifro;*Ajr. 
^Bnt  Growth  is  not  eoufiued  to  the  j>ertod  of  incj'ease  of  ibe  bmly  gen- 
era Uy  ;  for  it  nmy  manifest  itself  in  particular  organs  or  tissues^  as  a  no  raid 
operation,  at  any  nubseipient  part  of  life  ;  as  when  an  extraordinary  demand 
for  the  functional  activity  of  a  particular  net  of  muscles  is  sufjplied  liy  m 
increase  in  t!ie  amount  of  their  contractile  tissue. — Aioi  further,  even  wbere 
there  is  no  such  manifestatiou  of  increasCi  there  is  really  a  continual  growth 
in  all  the  tissues  actively  concerned  in  the  vital  operations,  and  tbi*  inva  to 
the  very  end  of  life ;  although  it  nmy  ht  so  fiar  counterbalanced,  or  even 
surpassed,  by  changes  of  an  opposite  kind,  that  instead  of  augmentation  ifl 
bulk,  there  is  absolute  diminution. 

332.  The  evolution  of  the  complete  organism  from  its  germ,  b owe ver,d(>M 
not  consist  in  mere  growth  ;  for  by  such  a  process  nothing  would  be  prodmtd 
hut  an  enormous  aggregation  of  simple  cells,  possessing  little  or  no  imrtuil 
dependence,  like  those  which  constitute  the  shapel^s  masses  of  thti  l<m»t 
Alga\  In  addition  to  increase  there  must  be  Develop tneuU  i^^t  ^^*  a  {uyeafl 
to  a  higher  condition,  both  of  form  and  structure  ;  so  that  the  pari  in  which 
this  change  takes  place  becomes  fitted  for  some  F^peeial  function,  and  i*  ad* 
vanced  towaitls  ihe  state  in  which  it  exists  in  the  highest  or  mo;?t  coniplt^teJ 
form  of  its  specific  type.  Thus  the  development  of  itsAttr  conniM*  ia  tbc 
cbange  from  a  simple  mass  of  cells  or  fibres  into  any  other  form;  a*  ii  thf 
production  of  Dentine  from  the  cellular  substance  of  the  tootb^pulp^or  i« 
tbe  Ibrmatiou  of  Bone  in  the  subperiosteal  membrane.  8*3,  aiiain,  llii*  *i^ 
velopmeutal  change  is  seen  in  the  passage  of  an  entire  or^mt  from  a  bter 
to  a  higher  condition,  by  the  evolution  of  new  parts,  or  by  a  ehaugfl  in  tlw 


tmctly  traccatVU^  to  a  pojson  introduced  throug^li  th<*  hUiod^  wlio*e  flr*t  in 
ex'^rit'd  in  nu><iifjiji«;r  the  filiysictil  ar>d  viUil  properiie?  of  ibnt  fluid  ■  arii!  thi 
hji5  been  of  liile  aceufnulntinij,  tlmt  it  U  true  also  «f  tho  varrom*  fornix 
locnl  dovt^lopment  of  an  abnorinnl  struetars  being  in  tli^i  caN*  *t$o,  ncit 
thfj  mnrnl^i(?3lution  of  thcs  oxii-li^neQ  of  tlint  ppcuUur  QUim^r  in  llio  bl<K>.i 
appropriut^i  nutriment  of  itjj  component  tii^AH(?s  ;  or,  as  Mr.  Sinmn  npj 
igrintf(»  it,  ♦'  *  new  excretory  orgim,  wtiicb  tends  e§*pntiaiU'  to  nctn 
Sf't'reltoii,  jtist  H^  difetineLly  Hi  Iho  Ju-altbj  livc^  or  the  honlthy  ku\u' 
Simon's  l4*»Ptures  on  Gononil  FntKoloj^y^  pp  S7\  lG2j  iind  Mr.  Piigci  - 
Sufgteni  Pmhology,  toI.  i,  p.  44 1^  and  foL  ii,  pp.  &2S  et  scq. 
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iftns  of  tho^  already  existitig,  even  tbotigh  the  change  in  its  texture 
kouJd  consist  of  liltte  el&e  than  of  simple  increase:  thus  in  the  development 
of  the  heart,  w€  have  the  original  single  cavity  subdivided*  first  luto  two, 
and  at  last  into  four  ehamlK^re;  and  in  the  development  of  the  Brain,  we 
find  the  sens<r*ry  ganglia  to  be  the  parts  fii-st  formed,  the  anterior  lobes  of  the 
oerebrnrn  to  be  evolved  (as  it  were)  from  these^  the  mi<kile  lohes  sprouting 
forth  fmm  the  back  of  the  anterior,  and  the  posterior  from  the  back  of  the 
midiik;  yet  with  all  this,  there  is  no  production  of  any  new  kind  of  ti^ue, 
tbe  new  parts  being  generated  at  the  exfienae  of  hif^tologieal  components 
Identical  with  tliose  of  the  pre*existing* — Now  it  is  in  the  early  period  of 
eiiibrron:c  life,  that  the  fiaHypmt^nkil  procega  is  most  remarkably  displayed; 
for  it  iif  then  that  we  ^ee  that  transformation  of  the  primordial  cells  into 
ti^tie^  of  various!  kinds,  which  originates  a  special  nlmnf  In  each  part,  where- 
by the  pro*lu€tion  of  the  ^ame  tissue,  in  eontiimlty  with  that  fim  formed, 
comes  to  be  a  simnle  act  of  growth  ;  and  it  is  then  also  that  we  obs^erve  that 
marking  out  of  all  the  principal  organs,  by  the  development  of  tissue  in  par- 
ticular directiousj  whicli  makes  all  sub^ecjuent  evolution  but  a  completion 
or  filing  up  of  the  plan  thus  sketched  ouL  Thus,  during  the  first  days  of 
incubation  in  the  Chick,  the  foundation  is  laid  of  the  vertebral  c(jhmin,  the 
nervous  centres,  the  organs  of  sense,  the  heart  and  circulating  system »  the 
alimentary  canal,  the  respiratory  apparatus,  the  liver,  the  kidneys,  and 
many  other  parts;  and  at  the  termination  of  that  period,  the  chick  emerges 
in  such  a  state  of  completeness  of  development^  that  little  else  than  increase 
is  wanting,  save  in  the  plumage  and  sexual  organs,  to  raise  it  to  its  perfect 
type*  The  ^ame  may  be  said  of  the  Human  organism;  save  that  the  period 
of  its  development  h  relatively  longer,  in  accordance  with  tlie  higher  grade 
which  it  h  ultimately  to  attain;  its  earliest  stages  being  passed  through, 
howevefj  with  extraordinary  rapidity-  The  complete  evolution  of  the  gen- 
enitive  organs,  of  the  osi^eoua  skeleton,  and  of  the  teeth,  eons*titute  the 
principal  ilevelopmental  changes  which  the  Human  organism  undergoes  in 
Its  pmgresss  from  the  infantile  to  tho  adult  condition  ;  almost  every  other 
alteration  cons^Uting  in  simple  increa.se  of  its  several  component  tissues  and 
organs,  without  any  eiiseutial  change  in  their  form  or  Htructure.  And  when 
the  adult  type  has  been  once  completely  attained,  every  subsequent  change 
is  one  rather  of  degeneration  than  of  development,  of  retrogression  rather 
than  of  advance, 

333,  The  difference  between  tbeae  two  processes  of  Growth  and  Develop- 
ment is  most  characteristically  shown  in  those  cases  in  which  there  is  a  pa r- 
liat  or  complete  arrest  of  one  of  them,  without  any  corre.s ponding  impair- 
ment of  tbe  other-  Thus  a  dwarf,  however  small  in  stature,  may  present  a 
perfect  development  of  every  part  that  is  characteristic  of  the  complete 
human  orgauism  ;  the  deficiency  being  solely  in  the  capacity  for  ^roidh^ 
On  tlie  other  hand,  the  usual  size  at  birth  may  be  attained,  and  every  organ 
may  present  its  ordinary  dimensions,  and  yet  some  important  part  may  be 
found  in  a  condition  of  arreBted  development:  thus  the  Heart  may  consist  of 
a  single  cavity,  or  the  interventricular  or  interauricular  septa  may  be  in- 
complete, 90  that  the  organ  has  not  passed  beyond  the  grade  of  development 
which  it  had  attained  at  an  early  period  of  embi^onic  life,  although  its 
irowth  nmy  have  continued;  or  the  Brain  may  in' like  manner  exhibit  a 
efieiency  of  the  posterior  lobes,  or  of  the  corpus  callosum,  or  of  some  other 
part  whose  formation  nominally  takes  place  in  the  latter  months  of  intra- 
uterine life,  although  the  parts  already  produced  may  have  continued  to 
grow  at  their  usual  rate. — ^Nuraerous  instances  of  the  game  kind  might  h% 
eited»  but  these  must  suffice. 

334  The  demand  for  nutrition  arisc^^  however,  not  merely  from  the  exer- 
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cisie  of  the  formative  powers  which  are  conceroed  in  the  buildiug  ij|'  f  : 
organism,  but  n]m  fnim  the  degeneraticm  and  decay  which  are  coui-niui  y 
ULking  pi  are  in  tilmoj^t  every  part  of  it,  and  the  effects  of  which,  if  out  aaLa*l^ 
]]i/.ed,  would  speedily  show  tbetiiselves  in  its  nmiplete  disiDtegralttJtL  Ai 
each  cnmporient  cell  of  the  organism  has  to  a  certain  degree  an  indefR*t»ilt?at 
life  of  it^  own,  so  hajs  it  also  a  limited  duration :  and  its  duratiim  iwialk 
bears  an  inverse  ratio  to  its  functional  activity.  This  is  particularly  sirikitt;^ 
when  we  compare  the  ratio  of  clmnge  in  the  organisms  of  cold-bliKKlrd  aai* 
maU  at  low  and  at  high  tempt^ratures;  for  they  li%*e  slowly,  need  little  m* 
triment,  give  off  hut  a  small  amount  of  excretory  products,  and  rerjatrfrA 
hjng  time  for  the  performance  of  the  reparative  proce$!^a3»  under  the  former 
condition  ;  but  live  fast,  rer|uire  a  comparatively  large  supply  of  nutnrat'nt, 
give  off"  a  far  greater  amouni  of  carbonic  acid  and  other  excretionj^  n^iilt- 
ing  iVoin  the  "  waste'"  of  tii?5ne,  and  exhibit  a  far  more  rapid  repararion  nf 
iuiunee,  in  the  latter  state.  The  constantly  high  temperature  of  Mnn,  m^f 
other  warm-hlofided  auimab,  prevents  this  different^  from  being  ■ 
m  him  in  a  similar  manner;  but  it  is  weJl  seen  when  we  contrast  I 
ent  tissues  with  each  other,  and  study  their  respective  histories.  For  whii&t 
there  are  .'^me  (i)  which  appear  to  pass  through  all  their  stages  of  growtJj, 
maturation,  and  decline,  within  a  limited  period,  there  are  otherH  (.  li )  wKimc 
existence  seems  capable  of  almost  iudeBnite  prolongation,  and  othcns  UrtJ 
again,  which  are  liable  to  have  a  period  put  to  their  life  at  any  time  by  tUt^ 
direction  of  their  vital  force  into  other  channels. 

I.  Of  those  belonging  to  the  first  category,  which  are  actively  concern i^ 
in  the  purely  tntal  operations  of  the  organism,  a  characteristic  examplff  U 
presented  by  the  Ovnle;  which,  if  not  fertilized  within  a  limited  perifm  jtJW 
its  maturation^  speedily  declines  and  decays' ;  and  the  same  law  of  liaiili?*! 
duratiou  doubtless  extends  to  a  large  proportion  of  such  tissues  as  are  aclivrlf 
concerned  in  the  maintenance  of  the  organic  functions;  as  for  exam jiltvlhe 
Corpuscles  of  the  Blood,  the  Epithelial  cells  of  many  gland:^  which  aa*  m- 
stru mental  in  the  process  of  Secretion,  the  cells  formirig  the  parenchyma  "f 
the  Absorbent  and  Vascular  Glands,  and  many  o  the  re. 

ri.  The  contrary  extreme  to  this  may  be  found  in  those  tij^ues  whc>efuti^ 
tions  are  rather  pApmi/  than  vital ;  and  especially  in  such  m  uniierp>  n*n- 
sol i da t ion  by  the  deposit  of  Bolidifying  matter,  eilher  in  combination  wiih 
the  animal  membrane  or  fibre,  tir  In  its  interstices.  Such  ti»(fues  are  tmire 
with  drawn  from  the  general  current  of  vital  action  ;  and  ibere  seem§  to  hf 
no  definite  limit  to  the  duration  of  ?K>me  of  them,  except  sneh  m  is  imp<>^l 
by  the  chomical  and  niechauical  degradation  lo  which  they  may  he  snfeie^i 
Jim  appears  to  l>e  the  case  with  the  simple  Fibrous  ti8sues«,'e«peeiolly  the 
yellow,  even  in  their  soft  or  uuconfloltdated  state;  but  it  is  far  more  uHit>u» 
in  the  dentine  and  enamel  of  Teeth,  which  are  formed  hy  the  eomhiiuiti^io 
of  calcareous  salts  with  an  animal  matrix,  and  which  retain  their  comlitioo 
apparently  unchanged  thnmgh  the  whole  remainder  of  life,  under  oin'ow 
stances  which  show  that  if  any  nutritive  action  takes  place  in  them,  iW 
amount  must  l>e  extremely  smalh  In  the  dentinal  structures  of  the  you&f* 
however,  there  is  obviously  a  determinate  limit  of  existence  ;  as  b  shoffu  l»! 
the  exuviation,  at  a  certain  definite  epoch,  of  the  finst  set  of  teeili,  wbirh 
exuviation  is  usually  preceded  by  the  death  and  partial  disintegratit^n  of 
their  texture.  In  Hair,  Nails,  and  other  Epidermic  appendages,  a^iUt  ^1'"* 
substance,  when  once  it  has  undergone  consolidation  by  the  dejKssit  of  liurtiT 
matter,  may  remain  unchanged  for  centuries,  we  must  reco^uixe  the  ^i^^ 
principle  of  indefinite  duration,  in  connection  with  the  cessation  of  viuA  «^ 
tivity;  the  chemical  constitution  of  these  textures^  moreover,  being  sacli** 
renders  them  but  little  prone  to  be  acted  upon  by  ordinary  decxtmpos^iQf 
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agencies.  The  limit  of  exUlenre  seemi  mare  determinate,  hDwever,  m  Bone; 
for  not  only  do  we  find  that,  in  the  first  development  of  this  subiitance,  a 
eunsiderable  [jart  of  ihe  tissue  originally  generated  by  the  efinsolidation  of 
its  os6^oiis  or  eartilaginous  niatnst  speedily  diaappe^i-Sj  and  that  during  the 
whole  period  of  growth  of  the  shaft  of  a  round  bone,  there  ia  a  continual 
retnoval  of  its  inner  and  older  portions,  whereby  the  meduilary  cavity  is 

Erogressively  enlarged  ;  but  there  is  strong  evidence  that,  even  afk-er  the  bone 
as  attained  it§  full  dimensions,  a  replacement  of  old  Haversian  systems  by 
IWW  ifl  fontinually  in  progreik*i, 

rn*  In  the  ca^e  of  the  Muiicular  and  Nervous  tissues,  however,  we  trace 
th e  ope ra t ion  of  ca uj^s  t h at  it  i  fte r  from  an y  o f  th ose  al  read  v  Jipec i  fi ed .  T h eae 
tt^ue^  are  doubtlt?^^  subject,  like  all  others^  that  are  di-^tinguished  by  their 
vital  activity,  to  the  law  of  limited  duration  ;  for  we  find  that,  when  not 
Gftlkd  into  um,  they  uixdergo  a  gradual  disititegration  or  wasting,  which  ie  not 
adequately  repaireii  by  the  nutritive  proee^^sesi.  But  their  existence  ne  living 
tiructures  appears  to  be  terminable  at  any  time,  by  the  exercise  of  their 
functional  powers  ;  for  the  developuient  of  muscular  contractility  or  of  ner- 
vous fon?e  seems  to  involve,  m  m  neeens^ary  condition,  a  nietamorpha^is  (>o 
to  ipeaki  of  the  vital  power  which  was  previously  exercising  it«elf  in  the 
liutriti\^€  operations;  and  the  materials  of  these  tissues,  now  reduced  to  the 
condition  of  dead  matter,  undergo  those  regressive  changes  which  speedily 
convert  them  into  excremen  tit  ions  products.  But  the  very  maoifestacion  of 
their  peculiar  vital  endowments  determines  an  afflux  of  blood  towards  the 
porta  thus  called  into  speeiai  activity  ;  and  from  this  it  comes  to  pass,  that 
the  nutrition  of  these  textures  iss  promoted,  instead  of  being  impaired  by  the 
]o^es  to  wliich  they  are  thu&i  subjected  ;  so  that  their  constant  exercise  occa- 
sions an  augmentation,  rather  than  a  diminution  of  their  substance,  a  due 
supply  of  the  requLnite  materials  being  always  presupposed. 

335.  Thus  it  comes  to  pa.^j^,  that  during  the  whole  period  of  active  life,  a 
demand  for  Nutrition  is  created  by  every  exertion  of  the  vital  powers,  but 
njore  e:^])eeially  by  the  evulutiou  of  the  Nervous  aufl  Muscular  forces.  The 
production  and  application  of  the^,  irtdeed,  may  be  cou^ulered  as  the  great 
end  and  aim  of  the  Human  organism,  so  fur  at  least  m  the  individual  is  con- 
eerued  ;  the  whole  apparatuet  of  Organic  life  being  subservient  to  the  building 
up  and  maintenance  of  the  Nervo-muscular  apparatus,  and  of  those  parts  of 
the  fabric  (e,  a.,  the  bones,  cartilages,  fibrous  textures,  etc,)i  which  it  uses  as 
its  mechaDical  instruments.  Thus  the  activity  of  all  the  Organic  operations. 
when  once  the  full  measure  of  growth  has  been  attained,  is  mainly  determined 
by  that  of  the  Animal  functions ;  and  as  the  "  rate  of  life  "  of  all  the  parts 
which  minister  to  the  former  will  be  proportioned  to  the  energy  with  which 
they  are  called  ujK*n  to  perlbrm  their  functions,  their  duration  will  diminish 
in  the  game  proportion,  and  hence  occasion  will  arise  for  their  continual  re* 
newal/     But  since,  in  the  attainment  of  the  adult  condition,  the  productive 


1  Bucb  An  excellent  IHuatriitton  m  afforded  by  the  phenomena  of  V'egctntion,  of  ihe 
doctrines  here  propounded,  th«l  it  scarcely  appears  desimble  to  pass  it  by  m  thii  place, 
although  11  hna  befln  ds*.^  where  more  fully  referred  to  (Princ.  op  Com  p.  Puya*,  H  2*S^j 
358  u— The  U'AVG*  of  phitits  scrrfij  like  the  absorbing  and  assimUatTng  cells  of  Animals^ 
for  the  introduction  and  elaboration  of  the  nutritive  materiala  which  are  to  bn  applied 
lo  th«  extension  of  the  fnbric;  Ibo  tnor*^  permanent  utid  iriaclivQ  parts  of  which  are 
tbus  generated  at  the  expense  of  muter  in  Is  prejiiired  by  the  vitul  oporutUinii  of  the 
more  iransiiory  and  cnergeilc.  Now  thuro  U  an  obvious  limit  to  the  dumtion  of  tho 
loaf^elU;  hut  Ihii  nmit  is  not  precisely  one  of  iime^  bein^  rather  dependent  lipoii  tha 
t&f/tpleiian  qf  their  ^erie9  af  vital  actions.  Thus,  although  we  are  ncLUnionied  to  look 
tapnn  the  **  full  of  the  leavi?i5 ''  (which  i.**  nothing  else  tbnn  an  exuviation  consequent 
upon  deiith  I  aa  a  phenomenon  of  regular  seaaonal  recurrence,  and  to  regard  iht'ir  re- 
pkcement  by  a  new  growth  a^  occurring  at  a  not  Ies4  (Ki^iisUiat  later val,  yet  experience 
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cnpacily  has  UTidergone  a  gradual  cVmiinutbiu  whilst  the  exvrtLKt' 
animal  powers  has  become  vastly  lucreas^ed,  th€  formative  |>ror» --*>=  rsri? 
capable  of  maintaining  the  Organ  Urn  in  it^  state  of  complete  t: 
by  making  good  the  losses  consequeut  upon  the  eoutiuual  di- 
which  it  is  subjected  bj  its  uervo-iimscular  aetivily.     And  with  the  advance 
of  yeara,  the  further  diraiuutioii  of  the  pro<ldctive  cflpaeiiy  iii%'oIve*»— on  lU 
one  hand^  a  progressive  decrease  in  the  suhsUmce  of  the  tbsue*  and  ttr^a 
moat  important  to  life  (their  bulk,  however,  frequently  remamin;^  unchaagd, 
or  even  increasing^  in  consequence  of  the  accumulatUm  of  fat),  and  ijo  thd 
other,  a  gradual  weakening  of  its  power  of  action.     (Bee  chap.  xx.  i 

33G.  The  performance  of  the  function  of  Nutrition^  the  demand  for  whick 
arises  out  of  the  causes  that  have  been  now  diseased,  is  ilupendent,  do 
nierely  upon  a  due  supply  of  pure  and  well -elaborated  blood,  hut  it  bo  upi 
the  normal  condition  of  the  part  to  be  nourished,  and  especially  ufM>u  ltd 
possession  of  a  right  measure  of  "formative  capacity  ;*'  in  virtue  of  wliicb, 
the  newly  produced  tissues  are  generated  in  the  likeness,  as  well  as  la  the 
place  of  those  which  have  become  eifete.     The  exactness  of  this  replacpnieut 
is  most  remarkably  shown  in  the  retention  of  the  characteristic  form  mii 
structure  of  each  ^parate  organ  or  part  of  the  body^and  thus  of  the  entire 
organism,  through  a  long  series  of  years ;  no  changes  being  apparent  (m 
long  as  the  state  of  iiealth  is  preserved  ),  but  sucIj  as  are  confurmaldt*  to  tbd 
general  type  of  that  alteration  which  the  organism  undergoes  with  the  ad* 
vance  of  life*     And  not  only  is  this  to  be  noticed  in  the  coni*ervation  i»f  all 
those  distinguish itig   points  of  structure  which  mark  the  species  and  are 
essential  to  its  well-being,  but  it  is  still  more  renmrkably  ill^phived  in  (k* 
continuous  renewal  of  those  minor  i>eeuliarities  which  eonstitut*^  tht^  f■lla^ 
acteristic  features  of  theiodividual,  and  which  serve  to  di^tingiii^^h  him  fnm 
his  fellowg.    And  how  niueh  this  depends  uj>ou  the  formative  eapacity  ung^ti* 
ally  derived  from  the  germ,  i.^  evident  from  this,  that  a  similar  mouI«1in«r{'<> 
to  speak)  of  the  nutritive  material  takes  place,  in  its  original  devclopnn?m, 
at  fir?t  into  the  form  characterij^tic  of  the  species,  and  afterwards^  iatn  that 
which  marks  the  individual  j  and  that  the  peculiarities  of  the  individtml  nrc 
frequently  such  as  have  been  distinctive  of  one  or  other  of  the  juvrent^^r 
present  a  conibi nation  of  both.     But  it  is  curious  that  the  format ivf*  pfw^f 
should  often  be  exercised,  not  only  in  mainloblng  the  original  typ\  huUl«o 
in  keeping  up  some  acquired  peculiarity  ;  as,  for  example,  in  the  ficrptuaiion 
of  a  cicatrix  left  after  the  healing  of  a  wound.     For,  as  Mr.  Paget  lut-*  i^ 
marked,  the  tissue  of  a  cicatrix  grows  and  assimilates  nutrient  materiiiKei' 
actly  as  do  its  healthy  neighboring  tissues ;  so  that  a  scar  which  a  chilil  might 
have  said  to  be  as  long  as  his  own  forefinger^  will  still  he  as  long  as  bbft»r^ 
tinger  when  he  becomes  a  man.    And  when  the  mode  of  nutrition  in  any  part 
has  been  altered  by  disease,  there  is  frec|uently  an  obstinate  tendency  to  lb* 
perpetuation  of  the  same  alteration ;  or,  if  the  healthy  action  be  for  a  Utne 
restored,  there  is  a  peculiar  tendency  to  the  renewal  of  the  morbid  pnxiw* 
of  the  part;  and  this  is  stronger  the  more  frequently  it  recurs,  until  at  lart 
it  Ijecomes  inveterately  established.    There  is,  however,  in  the  Tissues  gl*Il«^ 
allv,  as  in  the  Blood,  a  general  tendency  to  a  return  to  the  normal  type,  aft^r 
it  has  undergone  a  temporary  f>erversion ;  and  thus  it  is  that  we  tiwi  tlj« 
typical  structure  of  parts  generally  restored,  when  the  morbid  tendeopr  ba» 
been  overcome;  and  that  even  cicatrices  and  indurations,  notwithstaaJiog 


*Udws  llmt  tKeso  intc^rvn)^  nre  entirely  regul&ted  by  teTnperiitur« ;  for  »f  one  rtftJit 
ordinary  deciduous  tree*  of  tcmpenite'climati^ft  bo  Inin^f^^rrpd  lo  a  tr«^pic»l  dimtt*,it 
wHI  live  much  fuMt^r,  lis  leavi*^  being  »lied  far  mort*  frrqnentl^*,  wtifl  Iw^in^;  rfnladri 
nmch  more  ipeedlly  j  m  thut  two,  or  ftven  thr^,  sueceisive  exuViiitiona  and  rep^«l^t^ 
tioni  of  iti  folipgd'iuftj  take  place  wUbin  a  year. 
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lliclr  usual  obstinate  persi!!?tence^  occasioimlly  disappear.  The  normul  type 
j^,  perhaps,  Ifss  likely  to  be  thus  recovered,  when  the  departure  from  it  is 
rery  flight,  and  eonsiaU  rather  in  the  wrongs  plan  (so  to  speak  j  on  which  the 
new  matter  is  laid  down,  than  in  a  perversion  of  the  nutritive  process  itself. 
It  may  be  useful  to  conclude  tbi:?  section  with  a  table  showing  the  proportion 
which  the  several  component  parts  of  the  body  bear  to  one  another.'  It  will 
be  seen  how  large  a  percentage  of  the  body  Ls  composed  of  the  soft  tissues,  in 

^ which  mpid  processes  of  disintegration  and  reconstruction  are  constantly  in 

HDourse  of  perlbnuance: 


Mat), 

Woinmo, 
killed  bf 

Youth ; 
Aiiicide. 

Now-born. 

sixth 
montli. 

Baf, 

Girt. 

80,668 

65,100 

S5,547 

2400 

2960 

64S 

15  9 

15J 

16.6 

17.7 

16.7 

20.a 

4U8 

858 

44  2 

22.9 

23  9 

22.8 

1,7 

2.4 

82 

«0 

46 

2.7 

7.2 

8.2 

12.6 

1L6 

12  J 

12.3 

IB  2 
6.9 

28.2 
6  J 

13,9) 
6.2  j^ 

200 

\  11.8  J' 

I4J 

19 

2.1 

«,9 

16.8 

12.2 

18.5 

Weight  of  tile  whole  b<>dy  in 

Percentitgcj  jiroptvrlion  of — 

Mit$o]e>i^f  ,  .  ,  ,  . 
Th<>r»t*ic  VUcern,  -  . 
Abdwmitittl  Viscern*  ♦ 
F»t 

fSkin,*    .,.,., 
Briiin,     .,,«*. 
The  proportion  of  wnter  in  the  body  of  tidult*  h  about  68.5  per  cent. ;  in  the  new- 
liorn  oUilii,  604  per  cent*  j  the  raus^^les  Ci>nt»!n  75.7  per  cent  ;  ibe  f«t,  29.0  j  the 
Ain,  "2;  the  bloJd,  88 ;  the  liver^  69r^  j  and  the  brain,  76  per  cent,  of  tliitt  fluid, 
3 
iind 
the 
qui! 


On  (he  Bainme  of  the  Vtta!  Economy,  or  the  Eelaiioitii  wfuch  mLmf  hehveen 
the  higeda^  the  M^tamorj^hom  of  Tmite^  the  Work  ticcompiUhed  in  and 
by  the  Body^  and  the  Ingmin} 

337.  During  the  last  few  years  many  laborious  investigations  have  been 
undertaken,  with  a  view  to  determine  what  may  be  called  the  "balance  of 
the  vital  economy ;"  or  in  other  words,  to  ascertain  not  only  the  kind  and 
quality  of  food  requisite  to  maintain  life  under  varying  external  conditions, 
but  to' gain  an  insight  into  the  manner  in  which  different  kinds  of  food^s  are 
applied  to  the  formation  of  tissue,  the  production  of  mechanical  force,  and 
to  the  maintenance  of  animal  beat;  an4  also  the  mode  in  which  the  results 
of  lUeir  metamorphosis  within  the  iKwiy  are  ultimately  diijcharged  by  the 
various  excretory  organg.    The  average  amount  of  food  required  by  the 


^  From  KHnke,  Qrundaiige  der  Physiologie,  1868,  p.  143. 

*  The  folluwing  tire  *om*j  of  tbu  tnorij  inip<irtnnt  recent  works  on  this  anbject; 
Biddt^r  iinti  Schmidt,  Die  Yerdnuuni^ii.'ftrte  und  cli*r  Siotfwecli&el ,  1852.  Luwes  iind 
OUbftrt,  Fhilosopb.  Trnns.,  18'j9.  Blscht.>ff  nnd  Voil,  Die  Gcsetze  der  Erniihrung 
det  P 1  else hf reiser &,  Leipzig,  18*50,  Honneborg  and  Stohmnnn,  Bpitrago  aur  Rut. 
Fiiiterungder  Wiederknuer,  Brauniich  wei^^  18&0.  Rnnke,  Arehiv  f.  Anwt,  und  Phyi,, 
1862*  Fettenkofer  and  Foit,  Annul,  d.  Cbemie  und  Pharmacie,  1862.  Sohotuen- 
b«fger.  Chimie  iifpliqu^  k  la  Fhjsiologie,  Seegen,  Sita.-bef.  d.  Wlen.  Akad.,  Bd. 
Iv,  I  till,  1871.  Voit  in  Zeits  f.  Biolo^;!©,  Bd,  li,  1866,  pp.  6  and  189,  Bd.  iiip  1S67, 
p.  L  Bd.  iv,  p.  517  (Ober  Lux  us  Con-*iimption),  and  his  experiments  either  alone  or 
in  conjunclicm  with  Pettenkofcr  in  th<3  succeeding  %H  volumes  of  tbii*  periodieal, 
iffitich  containa  nunieroua  other  urilolca  on  thia  subject  by  diticrecit  workcri. — The 
ICditor  nmsi  here  acknowledge  his  obliirationg  to  the  stiindHrd  works  of  Funke,  Lud- 
Tfitf,  Vierordt,  Budge,  Longet,  Milne-Edward?,  Wundt,  Herrmann,  and  lianko  \  in 
ench  i>t  which,  excellent  ieclions  on  Nutrittan  will  b«  found. 
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body  lia?  alit'acly  hecu  given  (§  68),  and  it  haj^  been  ^hown  that  tbe  ordij 
diet  of  the  worting  man  containi^  between  250  and  300  grains  of  niir 
and  betwt^en  40O0  and  5000  grains  of  earbim ;  that  he  r*in?«iimeg 
about  tive  pints  of  water  and  a  veiy  variable  quantity  (200-0<K*  gmifi 
salts ;  lastly*  that  be  requii-es  about  11,000  grains  of  oxygen,    Tlieee  willtt?-! 
lively  eon.sUtute  the  ImjeAa,     The  Egestu  are  represented  by  the  e3crrt*t)iMii| 
of  the  Kidneys,  Buwels,  Lunga,  and  E^kin/  whiun  are  eomp(>i<f<j  cif  ilia  tmm\ 
or  less  completely  oxidized  eonstituenti  of  the  food  and  ti.'ittuas.  m  well 
in  the  cape  <if  the  alvine  evacuations  of  the  indigestible  residue  of  the  fi»d,^ 
If  the  weight  of  the  body  remain  stationary,  the  EgeMa  must  neei^ssar" 
precisely  equal  to  the  In^e-ita.     But  if  the  quantity  of  fnixl  eon-*uii 
greater  than  nece^^sar)',  then  one  of  sev^eral  events  may  occur :  either  it  ( 
to  be  absorbed,  and  is  simply  discharged  by  the  bowefc,  as  in  an  esjitriti 
of  Ranke,  who  found  that  with  64  oz.  of  rocAt  22^  oi.  were  thus  elimiij 
unaltered  ;  or  (as  in  the  ca^e  of  water  and  salts)  it  may  beabi^rbe<l,  an 
inmjeduUely  discharged  by  the  kidneys  and  skin ;  or  it  may  W  nhmrh 
and  be  deposited  In  the  bo<iy  (as  often  occurs  with  fat),  increasing  its  wtiglitH 
or  lastly,  it  may  minister  to  the  performance  of  more  work,  and  al^er  nuiW-  f 
going  i>xidation  may  increase  the  Egesta  generally.     If  again  the  scupphcii 
of  food  be  insufficient  in  quantity  the  weight  of  the  body  ranst  diminiA.thfi 
excreta  i-emaining  the  same,  or  the  weight  of  the  body  being  matmuiur(iilj« 
excreta  must  diminish.     Speaking  generally,  the  increased  demand  for  f<itxi 
and  the  increase  of  the  Egesta  are  associate<l  with  increased  activity  of  tb«i 
cell  functions  throughout  the  body,  which  may  express  themselvi'S  ia  iht  i 
formation  of  more  abundant  secretions,  the  more  rapid   circulatiim  nf  tli* 
blood,  and  the  greater  energy  of  the  nervo-muscular  apjjaratus.     Bidder 
and  Schmidt  estimate  that  the  respective  amounts  of  the  various  iltgt^tiifP 
fluids  which  are  daily  poured  into  the  alimentary  caua!  of  an  adult  Man 
weighing  14  stone,  are  uearly  as  foOowa; 


Salivs, 

Bile, 

O  IIS  trie  juifc,    * 

rMnere«iie  fluid, 

Int^stinid  JU1C&, 


Ofc  GtalOi. 

66  J  containing    TM  of  sdid  matter, 
56.8         "  1208  ** 

147.2         "  2976 

7*1         **  810 

7.1         **  46  " 


So  that  nearly  10  oz.  (tm^)  of  BoHd  matter  are  separated  from  the  IUmI  \n 
the  digestive  secretions,  for  the  purpose?  of  introducing  new  alinientury  mi* 
teriali*  of  uot  more  than  two  or  tliree  times  the  amount;  and  ihm  we  «e 
that  a  large  fmrtion  of  tlie  food  ingested  and  asaimilated  must  be  ciimuin«i 
in  providing  fur  the  introduction  of  a  further  supply,  in  addition  lo  that 
which,  wlien  duly  assimilated,  is  applied  by  the  nutritive  processes  to  tHe 
repair  of  the  solid  timues.  All  these  processes  imply  the  more  active  nUorp- 
tion  of  oxygen  and  a  corresponding  increase  in  the  excreta,  which  ftree»«o* 
tially  produuts  uf  combustion,  so  that  when  the  muscles  are  powerfully  ei- 
€rted  a  larger  amount  of  carbonic  acid  and  water  is  excreted,  whilst  ^^rt^ 
activity  of  the  glands  is  increased  more  urea  i  containing  the  chief  [lortiiriv 
of  the  nitrogen  of  the  ingesta)  is  eliminated.  It  muinl  be  undenstooii^  hu«* 
ever,  that  it  is  not  owing  to  the  quantity  of  oxygen  absorl>ed  that  the  ji^ifDeral 
activity  of  the  cells  throughout  tlie  body  is  augmented,  but  the  activitT  <>f 
these  regulates  the  amouut  of  oxygen  absorbed,  This  is  well  shown  hv  the 
fact  that  whilst,  as  Ewald  has  pointed  out»  the  oxygenation  of  the  HsttDK>* 


^  To  which  mfty  be  added  tht  fluidfi  discharged  at  itated  periods  by  tht  lA*miiii^ 
GUndB,  Teatea,  and  nterui, 


05   TITE    BALANCE   OF   THE    VITAL    ECONOMt* 


423 


gbbin  may  be  raised  to  ialuration  by  Ptifficiently  active  respiralion^this  doea 
ml  Wad  to  auy  loerease  iy  tlie  consumption  of  the  oxygen  by  the  economy 
(Pfluger).  To  augnient  the  conautuption  of  oxygen  the  gn>wth  and  multi- 
plieation  and  functional  activities  of  the  cell&  of  the  organism  tuust  be  !u- 
cfff&sed.  These  activities  are  dependent  upon  the  play  of  molecular  forces 
ia  the  eeJU,  that  is  to  say,  upon  the  entrance  into  and  exit  of  nntritive  fluids 
fi^m  tbtfir  iiilerior,  and  the  changes  effected  by  tlie  cells  in  such  fluids  and 
m  ihetr  own  walb.  Albumen  when  abundantly  supplied  jiugnienti*  these 
cfaangies.  Fats  and  sugary  (Umioiyh  them,  and  they  tkll  to  a  minimnra  in 
inaniliou.  Voit  has  with  »uine  success  endeavored  to  establish  a  distinction 
between  "  eireuJatIng  albumen"  and  **  tissue*^  or  ''organ  albumen,**  the  for- 
tWUbSf  ^'bieh  supplier  the  new  material  required  to  replace  the  old  iu  cell 
'j^Mlftion,  and  in  oiuch  more  susceptible  of  the  actitm  of  oxygen-  He  esti- 
mate?, indeed,  that  of  the  tissue-albumen  only  1  per  cent  is  destroyed,  whilst 
itiout  70  per  cent,  of  the  *' circulating  albumen**  uudergoes  disintegration. 
Vtiit  liupports  his  views  by  a  comparison  of  the  amount  of  albumen  de- 
oompo^ed  iu  inanition  with  that  in  excessive  consumption  of  meat,  in  which 
it  may  be  as  much  as  ten  times  greater.  The  following  experiment  by  Pet- 
tenkofer  may  be  selected  as  an  examf>le  of  the  mode  in  which  the  balance 
of  the  Iiigesta  and  Ege^ta  is  worked  out  in  the  ap]niratus  he  has  constructed 
for  the  purpose,  and  a  description  of  which  has  already  been  given  (p,  414)/ 
In  con.sidering  experiments  of  this  nature  it  may  be  accepted  as  a  fact  that 
ill  the  nitrogen  of  tl»e  food  is  eliminated  by  the  urine  and  fieces ;  the  quau* 
tiiy  discharged  by  the  lungs  and  skin  (0.6  of  a  grain  in  24  hours)  being  too 
small  to  interfere  with  the  r^ults  (Parkes).  The  subject  of  the  experiment 
wa«  a  strong  and  lively  dog,  weighing  33  kilogrammes  (or  72  lbs.,  the  kilo- 
gramme being  2,2  lbs,  avoird,)  which  was  found  to  maintain  it:s  weight  nearly 
unaltered  when  ie<l  with  loOO  grammes  (23,160  grains*,  the  gramme  l^eing 
15.44  grains)  of  meat  per  diem  ;  whilst  thus  fed  it  absorbed  irom  the  air 
477.2  grammes  (71367  grains)  of  oxygen*  Analysis  of  the  excreta  gave  the 
foUowiug  results: 


Itujt$ia, 


Oiygen  of  airj 


1500     grrtmm(w. 
477.2 


1977,2 


Urino^ 

CHrbcirdc  Acidj    . 

CVrburettcd  Hydrogen, 
Hydrogen,  » 


107o  0  grHinJt]<». 
40  7         ** 


201L7 


Eialyiis  of  the  Infje^fa  showed  that — 

1600  gmtumus  of  moal  con  tamed  187  8    gramrneft  of  Cftrbon. 
**  *^  •*  152  4S  **      Hydrogf>n. 

"  "  "  51.0  t*      Nitrogen. 

^*  **  ^*        i08I>.25  "     Osygen. 

Of  ihe  1080,26  ijriimme*  of  Oiy^jf^n  77  25  were  eonlained  in  the  dry  mi^jit  and 
10  12  in  the  wnler^  and  of  tltR  IiJ2/45  trrflmin^s  of  Hydrogtm  25.95  wero  contjiiru^d  in 
the  dry  mt'iit  luid  120,50  in  the  wnttr*  In  addition  477.2  of  Oxygen  were  j^b^orbed 
from  itie  dr.     The  tc^tnl  ingastjor*  of  Oxygen  was,  therefore,  16tlU45  gramme*, 

Aoalysb  of  ih^  Eg€i>^ia  showed  1075  grammes  of  uriue^contaiDtng  with  152.2 
of  dry  r^idue  107*9  grammes  of  urea  and  I6,S  gram  met  of  salts.     After 
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deductiDg  the  urea  aud  salts  from  the  total  residue  there  remaiDed  foroth 
urinary  constituents  28  grammes,  vrhich  further  analysis  showed  to  oonta 
9.6  grammes  of  carbon,  2.5  grammes  of  hydrogen,  and  15.9  of  oxygen.  40 
grammes  of  moist  forces,  which  when  dried  weighed  11.2  gnimraes,  eontaiiM 
4.9  grammes  of  carbon, 0.7  of  hydrogen, 07  of  nitrogen,  1.5  of  oxygeii,ii 
3.4  grammes  of  salts.     We  have  thus  in  the  Egesta — 


Cirbon, 


(1 

96                 »' 

n 

4.9                 " 

n 

.     146.7                 ** 

l( 

1.2                 " 

Total, 

.     184.0  grammes. 

drogen. 

7.2  grammes  c 

ti 

2.6                 " 

(( 

.     102.5                 " 

ii 

0.7                 ** 

u 

8  2                 »« 

n 

.       89  4                 " 

l( 

U.4                 " 

(( 

1.4                 «« 

Total, 


Nitrogen,. 


Total, 


Oxygen, 


Total, 


Salts, 


Total, 


21.6  grammes  contained  in  the  urea. 


other  constituents  of  the  urine. 

fspces. 

carbonic  acid  gas  of  the  pulmoiuo 

and  cutaneous  tmnspiration. 
marsh  gas  of  the  pulmonary  ai 

cutaneous  tranf^pi ration. 


urinary  constituents. 

water  of  the  urea. 

dry  faeces. 

water  of  the  f&H^es. 

water  of  the  transpiration. 

marsh  gas  of  the  transpiration. 

hydrogen  of  the  transpiraliun. 


167.3  grammes. 

60.4  grammes  contained  in  the  urine. 
0.7  '*  "  faeces. 

61.1  grammes. 

28.8  grammes  contained  in  the  urea. 

15.9  »'  -        -  - 
820.3                 »« 

1.6  «' 

20.3  " 

391.5  " 


315.4 


in  other  urinary  constituents, 
in  the  water  of  the  urine. 

**       dry  fwces. 

"       water  of  the  fieces. 

"       carbonic  acid  of  the  pulmontr 
and  cutaneous  transpiration. 

<'       water  of  the  transpiration. 


1599.7  grammes. 


1C.3  grammes  contained  in  the  urine. 
3.4  *'  «'  fajces. 

19.7  grammes. 


If  the  Ingesta  and  Egesta  are  now  briefly  compared,  we  get  the  followini 
balance : 


Carbon,       

Hydrogen, 

Nitrogen, 

Oxygen, 

Salts, 

Ingesta.                            Egesta. 
.       187.8                            1840 
.       162.6                            167.1 

51.0                              61  1 
.     1666.4                          1699.1 

19.6                             19.7 

Difference,    . 

1977.2                         2011.8 
.    84.6  grammes. 

The  excess  of  the  Egesta  over  the  Ingesta  is  nearly  35  grammes;  th 
amounts  to  not  quite  1  per  cent,  of  the  total  weight  of  the  Ingesta  u 
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Egesta.  This  excess  b  believed  l>y  Pettenkofer  and  Voit  to  he  Jittributjible 
iw  a  flight  excrctioii  of  water,  which  b  renderetl  probable  bet'uuse  tlie  exc(^a 
of  o  XV  gen  aud  hydr€geu  b  in  the  proportion  iu  vvhieh  I  hey  furni  water,  and 
because  if  from  the  actual  body  weight  the  mean  daily  quantity  of  ISaecea 
mere  deducted,  there  was  an  actual  diminution  in  the  weight  of  the  animal 
amomiiiug  to  34  grammes.  The  minus  quantity  of  3>S  grammes  of  Carbon 
they  attribute  to  a  j^mall  production  of  fut  from  the  meat.  Numerous  ex* 
periments  of  a  ^imihir  nature  have  been  made  on  the  g^rae  principle  on  rnan 
and  animab  by  Pettenkoler  and  Voit.  The  principal  source  of  error  in  ex- 
periments cunducled  in  this  manner  lies  in  the  analy^iis  of  the  flesh  admin- 
istered as  food,  especially  in  regard  to  the  nitrogen  which  it  contaiui.  The 
^ttmate  here  taken  was  that  of  Voit/  who  considered  it  to  contain  J14  per 
cenu  of  nitrogeu ;  but  other  obs^ervers^  have  found  that  the  proportion 
varies  in  the  fle^h  of  dlrterent  animab,  or  when  the  composition  of  the  flesh  is 
determined  by  different  methods  of  analysint,  from  2,14  to  5.17  per  cent,»  so 
tliat  a  surplus  or  a  deficit  of  nitrogen  would  be  found  in  the  excreUi  accord- 
ttg  as  the  one  or  the  other  estimate  is  taken  m  the  average.  Another  difii- 
jlty  is  in  the  analysb  of  the  fteee^  especially  when  the  ex{>eriment  is  made 
one  of  the  Herbivora  or  on  an  omnivorons  animal,  on  account  of  the 
large  amount  of  indigestible  material  they  contain.  In  the  Carnivora^  on 
the  other  hand,  the  amount  of  indigestible  guhstances  is  ini^ignificAnt.  Thus 
in  catfl  it  do^  not  exceed  1  ]>er  cent,  (Bidder  and  Schmidt).  In  man  it 
amounts  to  4-8  per  cent.  (Valentin,  Barral,  Hildesheins),  in  the  pig  19*9 
per  cent.  (Boussingault),  in  the  cow  34.4  per  cent.  (Boussingault).  and  in 
ll  le  b  o  rse  AO-bO  pe  r  ceu  t .  (  \  "^a  I  e  n  t  i  n )  * 

*i«l8,  Bahnee  of  tJie  Et^nomy  tn  Fmtituj.^^re&t  interest  attaches  to  the 
ntudy  of  the  excreta  during  inanition,  for  we  may  be  sure  from  the  care  that 
we  els^ie where  see  to  be  taken  by  nature  in  the  preservation  of  life,  that  the 
animal  then  Jives  nujst  economicaMy,  f^>r  it  is  in  fact  living  upon  iie  own 
ti^ues^,  and  no  more  is  consnmed  than  is  absolutely  requisite  for  the  main- 
tenance of  the  internal  work  of  the  body,  which  l>ecomes  greatly  reducsed 
in  amount,  whili^t  after  the  first  day  or  two  there  is  little  disposition  to  ex- 
ternal work.  The  chief  objection  to  this  method  of  determining  the  n»in- 
Imum  quantity  of  food  required,  and  tlie  minimum  amount  of  Egesta  dis- 
charged from  the  body  is,  that  §oon  after  the  withdrawal  of  all  supplies  the 
activity  of  the  principal  organs,  m  the  liver,  pancreas,  s[deen,  glands  of 
intestine,  etc,  undergoes  material  diminution.  The  diminution  in  the  general 
weight  of  the  body  and  of  the  several  excreta,  begins  on  the  very  first  day 
of  fasting,  and  continues  throughout,  though  of  counje^  in  conseqnence  of 
the  progressively  smaller  bulk  of  the  body  in  a  grailually  lessening  propor* 
tion*  The  most  marked  alteration  in  tiie  excreta  occurs  in  the  Herbivora, 
since  in  tasting  they  live  on  themselves;  in  other  words,  change  from  a 
vegetable  to  an  animal  diet,  and  the  urine  consequently  contains  for  a  time 
an  increased  proportion  of  nitrogen.  Both  in  these  animals,  however,  and  in 
carnivora,  the  amount  of  urea  gradually  diminishes  with  tlie  diminished 
bulk  and  lessened  external  and  internal  activities.  WelMed  animals  bear 
inauitioo  for  a  longer  period  than  ilbfed  ones— lean  young  pigeons  dying  in 
three  day^,  and  after  a  loss  of  only  a  fourth  of  their  weight,  whiUt  old, 
well-nourished  ones  live  for  thirteen  days,  and  do  not  die  till  their  weight  is 
reduced  to  one- half*    The  loss  of  weight  falls  very  unevenly  on  ditierent 


i  VfliI,  Zelt*.  f.  Biologie,  M.  i,  p*  100. 

*  Nowiik,  Lotih^,  Sl«wert,  Petersen,  Kittbnufen,  ZeitBchrifl  f.  Biolopie,  Bd.  VU| 
187 L  buegeu,  W)^n.  Ak«d*  Anzeiger,  1870,  p.  2$0.  Scbcnk,  SUzung?ber,  d.  k* 
Akad.  zu  Wiea.i  Juo.  1@70< 
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organs,  the  store  of  fat,  for  example,  being  almost  entirely  used  up,  whih 
the  nerve-centres  undergo  scarcely  any  change,  from  which  it  would  appeir 
that  some  organs  continue  to  be  nourished  at  the  expense  of  others.  Kanke 
gives  the  following  as  the  results  of  an  experiment  upon  himself,  id  whidi 
DO  food  or  drink  was  taken  : 

Body  weight  bofore  the  experiment,  ....    69,648  grammei. 
*«*  after     "  »  ....     68,513         »» 

Losa,     .  1,1»0         " 

The  ingesta  (i,  ^.,  loss  of  weight  of  the  body)  were  calculated  for  twenty- 
four  hours  of  the  second  day  of  total  abstinence  from  the  loss  of  weight  of 
the  body : 


Egcsta. 

17.025  Urea, 
0.23r»  Uric  acid, 
In  the  respiration, 

7.9455 
O.U786 
0 

C. 

8.5r,r,4 

0.0843 

180.8500 

Ingests. 

(Estimated.) 

60.7  grammes  of  1 

Albumen,      .    j' 

198  1  grammes  of  Fat, 

N. 

8.024 
0 

C. 

27.796 
156.7 

Total,      .     8.024       184.5  8.024      184.5 

The  calculated  loss  of  albumen  and  fat  amounted  to  248.8  grammes,  to 
which  must  be  added  7.7  grammes  of  extractives  and  salts  excreted  in  the 
urine.  The  loss  of  solids  amounted  to  2o(y.o  grammes ;  the  remainder,  there- 
fore, 873.5  grammes  of  the  total  loss,  was  water.  Seegen,'  from  the  amouDt 
of  N^.  eliminated  in  the  urine,  found  that  in  a  young  girl,  who  in  cotat- 
quence  of  stricture  of  the  cesophagus  was  only  able  to  swallow  about  an 
ounce  of  milk  per  diem,  the  eonsiumption  of  body  albumen  reckoned  dir 
wa.s  about  38(5  grain.s  per  diem,  and  that  sin(^  an  excess  of  water  was  egesteJ, 
the  blood  and  li.*?siios  niusst  have  become  poorer  in  water,  or  drier.  The 
nietam()q)hoses  of  the  albuminates  during  fasting,  so  far  as  they  were  repre- 
sentiMl  by  the  excretory  products  of  the  urine,  bore  the  proportion  to  the 
normal  metamorpho.sis  of  1 :  4  or  1 :  5.  It  mu.st  be  borne  in  mind,  however, 
that  we  (rauuot  conclude  from  analysis  of  egesta  in  the  fasting  state,  or  from 
calcuhition  based  on  those  analyses  of  the  quantity  of  albumen  or  fit 
actually  consumed  in  the  acts  of  life,  that  we  have  obtained  accurate  data  of 
the  minimum  required  for  the  maintenance  of  an  animal  in  its  normal  state: 
for  numerous  experiments  have  shown,  that  if  the  same  amouut  of  i\htd  be 
given  as  will  exactly  cover  egesta  in  tlie  fasting  state,  the  excretions  hy  skin 
and  lungs,  urine  and  faeces,  will  exceed  that  quantity  in  weight;  clearly  show- 
ing that  the  animal  still  consumes  a  portion  of  its  own  body,  or,  in  other 
words,  that  more  than  a  minimum  is  required.  According  to  Bidder  and 
Schmidt,  whilst  the  loss  of  weight  sustained  by  an  inanitiated  Camivoroui 
quadrui)ed  is  about  2.2  per  cent,  daily,  nearly  twice  as  much,  or  4.4  |>ercent., 
is  required  to  keep  up  its  weight  to  the  ordinary  standard.  The  most  im- 
portant of  the  conclu>ions  drawn  l)y  ^fchmidt  in  regard  to  the  efiects  of  fait- 
ing  are — 1.  That  whilst  the  daily  quantity  of  fat  undergoing  oxidation,  int 
fasting  animal,  remains  nearly  constant;  that  of  the  albumen  falls  in  the 
coui-sc  of  the  first  two  days  to  one-half,  then  remains  constant  for  eight  daji» 
then  falls  slowly,  and  during  the  last  two  days  diminishes  rapidly  and  cub- 
siderably.  2.  The  ([uantity  of  expired  aqueous  vapor  diminishes  contiDuallj 
hut  unequally,  falling  more  (piickly  at  the  commencement  and  at  the  eod 
of  the  experiment.  The  proportion  of  aqueous  vai)or  eliminated  by  the  skin 
and   lungs  to  that  discharged  by  the  urine  and  fieces  remains  constant  ai 

1  SoegtM),  loc.  cit.,  and  abstract  in  Lancet,  1871,  vol.  i,  p.  798, 
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10 :  7.  The  absorptmn  of  the  oxygen  is  also  found  to  dimmish  uneqtmlly, 
**eiDg  much  le^  at  the  emnmericemetitof  the  period  of  inanition  and  lowartls 
the  clfia*  of  life.  The  t|iiunthy  of  oxygen  expired  as  carbonic  acid  also  falls 
(from  80  to  73  per  cent,).  On  the  uhole  a  ih^itiiig  anin^al  lose.*?  daily  1  per 
cetiL  of  iis  bo<H'  ^nlMtance,  cabai luted  og  free  from  miifr,  of  which  OJ  is  al- 
bominou^  and  0.4  fat.  Bi?eho(f  and  Vuit  have  made  similar  scries  of  re- 
learchc?  on  a  dog^  after  having  previotLsly  in  ooe  experiment  fed  bira  well; 
In  a  second,  after  having  gradmilly  diminished  the  amount  of  tood;  and  in 
Others,  after  having  given  him  an  exces-sive  supply  of  meat  and  fat.  The 
general  conelnsions  nt  which  they  arrived  wtfCj  that  during  inanition  the 
amonot  of  consumption  of  the  aninml's  own  ti^^ne  was  dependent  upon  its 
size;  fiinoo  if  it  had  l>een  previously  well  fed^  it  UmI  more  in  a  given  time, 
and  if  it  had  been  badly  fed  it  lost  less;  living  in  the  latter  case,  as  it  were, 
more  economically.  And  further,  the  consuaiptiod  was  found  to  fliictuata 
between  the  two  chief  factors  of  the  body,  the  muscular  tissue  and  the  fat, 
in  such  a  manner  that  a  very  muscular  animal  consumed  more  flei?h,  and  a 
very  fat  animal  more  fat;  which  result  is  attributable  in  part  to  the  presence 
of  a  greater  bulk  or  mass  of  the  tissue,  which  is  consequently  more  exposed 
to  the  action  of  the  oxygen  at>sorbed,  and  undergoes  a  greater  amount  of 
disintegration.  In  the  experiment  in  which  the  animal  had  been  previously 
well  fed,  and  with  a  mean  weight  of  70  lbs.,  the  proportion  of  nitrogen  to 
that  of  carbon  eliminated  was  as  1 :  19;  the  proportion  of  nitrogen  eliminated 

ferdiem  lor  each  1  lb,  of  body  weight  being  *2.1  grains,  and  of  earhon  40  grains. 
II  a  ?^ci>rid  experiment,  where  the  dog  had  previously  been  fed  on  progres- 
givelv  dinuniiihing  quantities  of  meat,  and  weighed  TOJ  Ib^.,  the  proportion 
of  K  to  C  was  as'l  :  24,  and  there  were  eliminated  tor  each  1  lb.  of  body 
vreight  L68  grains  of  N  aud  40  grains  of  CI  In  a  third  experiment,  where 
the  dog  hafl  been  so  abundantly  fed  that  its  mean  weight  throughout  the 
experiment  was  86  lbs,,  tlie  proportion  of  K  to  C  was  as  1  :  1(>;3,  the 
quantity  of  N  eliminated  per  diem  to  each  1  lb.  of  body  weight  being  1.54 
grains,  and  25/2  grains  of  C. — iSimiJar  observations  have  been  made  by 
Kanke^  on  himself  j  and  the  influence  of  diet  in  Maa,  in  efll*cting  a  varia- 
tion in  the  composition  of  the  exeretions,  is  well  shown  in  the  following  table, 
based  on  his  experiments: 

PropArtinii  of 

Nil  ruyen  Ut  VuThott  Qnint lly  of  KUro-  QiiJint ity  of  Carbon 

iiHlii"  r<»lkc?(iife  pii  txi  ri'tt^  |3eT  eXLTi'd  cl  per  dk'Ju 

«Sq7f  1kiH4  ci(  ih*?  <fif'ni  Tor  ill rh  1  I**,  for  c«ol»  I  lb,  of 

Skhi^  l.iTUip,  ADtl  i>f  budf  Wi  tght,  lu  body  wt^Ji^bC,  lu 

K  til  u  t>  ft,                       jgt»  I  m ,  gral  ti*. 

With  mixed  food, 1:12  1.817  45  7 

In  inttiiitiotj, 1  ^  17  1,000  17.82 

Wilh  j*on-nilrr>|jeTioii«  tao^f     .     *     .  1  :  25  ,789  19  5 

Willi  ej[co*?ivo  dud  excluiive  meut  ]  ,  ,  (»  ^  ^»  eo  a 

diet  (I  lb*,).    .,..,.,    I  ^^^  ^-^^  ^-^ 


Banke  found  in  his  experiments  that  Man  required  more  carbon^  i.e.,  more 
fat  or  starch,  in  hie^  fboil  to  supply  the  wants  of  hii  economy,  than  appeared 
to  be  requisite  in  the  Dog  experiniented  on  by  Bischoff  and  Voit;  and  he 
flirther  remarks  that  the  <|uantity  of  nitrogen  ap[>earing  in  the  excreta  lieara 
an  invt'rse  projKjrtion  to  the  carbon  coniained  in  the  food:  consequently, 
when  the  fat  or  starchy  constituent*  of  the  i'ood  are  insufficient,  the  albu- 
minous constituents  of  the  body  are  drawn  upon  or  are  consumed  to  main- 
tain the  temperature.  Pie  found  also — 1.  That  the  niinimnni  quantity  of 
uiea  (containing  nearly  all  the  nitrogen)  is  discharged  during  hunger,     2, 
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That  whUst  mere  iDereiise  in  the  quaulitj  of  fijod,  irrcspectivi?  nf  tta  wKupF 
eltion,  has  uo  effect  m  iut^reasing^  the  qiiaDtity  of  nitrogen  el inii tutted  hj  \U 
kidneys,  an  iDcrease  in  the  prtipprtiou  of  nitrogeiioiis  diet  is  follfiwetl  W  an 
iDcrea^ed  discharge  of  urea,  though  this  does  not  rise  proportioimleW  for  24 
hounf  tit  )emi;  the  etiect,  imwever,  eriduring  for  some  time  aft<*r  ilit*  nilb- 
drawal  of  s^uch  food.  H,  The  ^nie  holds^  with  regard  to  uric  aeiil*  la  fiwi* 
ing  animals  Voit  fonnd  the  proportion  of  water  in  the  ^v'eral  or^ni*  ift* 
creased  in  arnonnt^  so  that  in  a  =itarved  cat  the  percentage  of  wnti*r  m  tU 
niusdes  was  Tfi.O  per  cent.,  whilst  in  a  welKnoun^hed  cat  it  only  amnunti^ 
to  74,C  per  ceoLi  and  Ranke  fouml  that  in  the  ni uncles  of  Fvttgn  in  wititer, 
when  tlicy  obtained  little  or  no  fowl,  the  propiirtion  of  water  was  H^l  i^ 
ccnt.»  whilst  tn  summer,  when  I  hey  were  well  fed,  it  was  only  7ii  t^nt  b  m* 
crease  of  the  proportion  of  water  hits  a  powerful  effect  in  eshaii^tifi^  ik 
muscles,  and  prolmbly  jiL^o  lead^s  to  dcprt^ion  of  the  tempemture  by  i«ter> 
fering  with  the  processes  uf  i^xidation* 

33§.  The  c«>nclusions  arrived  at  by  BisehofT  and  Voit  upon  the  efiw-t  uf 
feeding  their  l>i»g  on  pure  meat-diet  are  especially  tuterestiiig.  They  t'md 
that  in  order  that  the  animal  jihonld  neither  lo^c  nor  gain  in  weight*  a  dailf 
supply  of  meat  equal  to  from  .jVh  ^^  iV^^*  ^^  ^^^  whole  weight  i*f  iu  IWf 
wai5  requireil  (a  much  smaller  profwrtioii  than  that  fotind  requi>ite  by  BttI* 
der  and  Schmidt  in  the  exjierimeiits  on  the  Cat);  and  that  if  *  '  ili^ 
were  sup|)lied,  a  loss  of  weight  took  place  in  consefjucnci""  of  tl  i 

Bumiug  some  of  its  own  fledi  and  fat;  whilst  if  more  than  tl 
we  re  s  u  p  pi  ied  ^  a  ga  i  n  i  n  w  e  igh  t  occn  r  ret  L  B  u  1 1  o  p  n  kI  u  ce  a  < 
in  weight— oDustantly  increasing  weight — a  relatively  Utrger  u«l 

fotjd  wu:?  continually  required,  until  at  last  a  maximnni  wa.H  tb 

aninuil  then  loathed  it^  tbod,  consumed  no  more,  and  rapidly  neiurncii  ifMti 
standard  weight*  At  the  same  time  they  found  that  the  quantity  of  racal 
whit^h  tiic  dog  recjuired  to  cover  \o^  on  the  one  hand,  and  to  fttrni  fl<*li  «fli 
the  other,  varied  always  with  the  nui^of  the  body.  In  the  welM'e*!  atiimul, 
the  re  fore,  it  required  more,  in  the  badly  fed  iem,  tc:*  pnniuee  the  game  rffrtl 
They  further  conelude  that  when  large  quantities*  of  meat  are  coui^unietj^  tk 
products  of  it8  retrogressive  metamorphosis  take  up  or  eombtne  with  th^ 
oxygen  <*f  the  Irlood,  and  that  thus  the  iiii  of  the  animal  is  spare*!;  ih*  auV 
mafs  temperature  being  ^sufficiently  maintained  by  the  Ci>nilm^uon  of  ibe 
secondary  products  of  the  disintegration  of  the  albuminous  cum|M>undji- 

340,  Thewe  results  have  been  verified  by  Ranke  in  experiment  H\>*m  him* 
self,  with  the  exception  that  he  found  that  he  wa;?  umibtc  to  ^^i-  Mj 

upon  a  meat  diet,  and  still  le^s,  as  Hammond  had  already  j^hou  ifioo 

pure  albuiaeu.  Large  supplies  of  meat  with  diminuliua  of  hvdrrjoiflMtt- 
aceous  comjKjnnds  invariahly  diminished  the  fat  of  the  InKly.  'fhe  nwthM 
of  diminishing  excessive  obesity  8ugge.^ted  by  Mr  Banting,  and  wbidi  cuo' 
sisted  in  augmenting  the  use  of  tles^h  and  reducing  iheconsnmplioa  of  tariiin* 
ceo  us  and  *deaginou3  fooil  to  a  minimnm,  is  founded,  therefore,  on  sirirt 
pbysiologieal  principlt^.  The  economy  that  m  elTeeted  by  a  varied  diet,  vd 
the  iumjen^e  km  of  material  that  results  from  restricting  man  to  an  eidn- 
sively  auitiial  diet,  have  already  been  fully  dwelt  upon  (chap*  vX  An 
extraordinary  amount  of  albumen  undergoes  disjntegraiion  on  a  pan*  airtl 
diet.  Thus  Ranke' found  that  whilst  a  healthy  tuan  ordinanly  exerifirf 
about  570  grains  of  urea  )>er  dieni.  the  amount  nW  to  1327  grain'^  fierdieni 
on  a  pure  Hc*^h  diet,  and  he  draws  particular  attention  to  the  fh  iif 

from  the  increased  excretion  of  ure^  being  due  to  angaientCil  ih  »rk» 

the  first  effect  of  an'dxoe^ive  m«&t  diet  i^  fi&t  that  of  turt^ased  bUe^igilt,  but 

1  Riinkej  Grundsciigc  der  PtiymlogiCi  1874,  p,  lf0. 
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rather  a  feeling  of  heavine^  antl  weariness  in  the  rauj^eleii,  with  nervous  ex- 
dtation  often  rising  to  s^leejile^sne*^^  wbicJi  he  atlribiites  tci  the  iicciimiilation 
in  the  blood  of  the  alkaline  sall^  of  the  ineaL  The  fnljowiiig  givei?  the  result 
hj  Ratik<$  of  an  experiment  on  his  own  persrm  in  Pettenkoier'jj  Respiration 
appftratus  when  cou^umiug  as  much  pure  fle^h  m  po^ibte: 


Ti?rtuimiJ  wtr>gbt^ 


72.927  kiktgrAtiime^. 
7LM81  ♦* 


Diflbrencfl  :  a  loi&  of  weight  of  14fi  irraTiim**!',  TtotwithstandiTig  the  Inrge  amoitnt 

of  ment  t;orifymed. 


Il2  graiuiii*^  of  mPBt,      02.29    229  Sfi 
TO  **         i»f  fat,     .       0.  50.27 

Si  **         of  suit*. 

M71  c  c,  of  wnler. 


B&.%  grammes  of  xtr^^,     .     40  ^8 
I  9o       '*         of  urio  flcid^    005 
mo         *'        of  ffljces,     .     3/26 
In  ihe  fei«plriitic*n,    .    ,    *    0. 
2073  c.  c.  urine* 
25,0  gninidiefl  uf  common  «ti1t. 


Tlie  difference  in  the  amount  of  N  ^  18.1  grammes  in  favor  of  the  inge^fta, 
shows  that  ah4>ut  52'^  grammes  of  alhun»eti  were  retaioed  in  the  b^nly,  and 
in  order  tn  cover  the  egasta  about  23  grammes  of  fat  must  have  been  t* ap- 
plied by  the  hwlj*.  The  result  of  the  addition  of  fat  to  the  food  of  a  car- 
nivoroui*  animal  was  found  by  BisehoJFand  Volt  raalerially  to  diminish  the 
didntegration  of  albuniinou:*  compound;^,  ns  shown  by  the  diminit^hed  elimi- 
nation  of  urea^  so  that  only  a  third  or  fourth  part  is  required.  This  is 
intelligible  enough  when  it  is  remembered  that  only  a  certain  quantity  of 
ozonized  oxygen  is  present  at  any  moment  in  the  body,  and  that  ?,inee  the 
bydroearbon?  jmssess  a  much  higheraffinity  for  oxygen  .than  the  albuminous 
(^Dipfjunds,  they  essentially  a  pa  re  or  prev^ent  the  disintegratiou  and  ox  Ida- 
of  the  latter.  They  do  not,  however,  interfere  with  the  ordinary  de- 
iposition  and  recon?! ruction  of  the  muscular  tissues.  But  if,  with  the 
fat,  an  increased  prop^>rlion  of  meat  be  given,  the  proportion  of  urea  a  bo 
in  creates,  obviously  because  when  much  more  albuminous  material  is  coti- 
lained  in  the  blood  than  Is  required  for  the  maintenance  of  the  tis^sues,  and 
espeeiaHy  of  the  muM.'les,  it  undergoes  oxidation,  and  instead  of  being  ap 
plied  to  the  tissues  is  used  up  for  the  production  of  heat.  Sugar  and  i^tarch 
eoofturned  with  a  meat-diet  seem  to  operate  in  precisely  the  ^ame  nuinner  a3 
fat,  except  that  their  action,  in  combining  with  oxyguUi  anrl  thtia  sparing 
both  the  adipa^e  and  nitrogenous  compounds,  h  In  con^i|ueufe  of  their 
greater  affinity  for  oxygen,  still  more  marked  than  fat ;  and  if  large  quauii- 
tie^  of  sugar  be  given'with  sufficient  albumen,  a  deposition  of  fat  iuvariably 
take?^  phice. 

34L  The  differences  which  exist  between  Carnivora  and  Hcrbivora^  in 
regard  to  the  mode  in  which  the  constituents  of  the  (nge^ta  are  distributed 
through  the  excretions,  are  very  striking.  The  firnt  and  most  remarkable 
ftfftliire  of  difference  between  them,  is  the  very  large  proportion  whicli  the 
fecal  discharges  of  the  Herblvora  bear  to  the  other  excretions»  which  obvi- 
ously prr>ceeds  from  the  indigestlbility  of  a  large  part  of  the  alimentary 
substances  they  consume.  Of  the  ufaler  taken  into  the  alimentary  canal  or 
formed  within  the  body,  nearly  two-thirds  passes  off  with  the  ffeces  in  the 
Horse,  whilst  nearly  the  whole  h  ahi^orbed  in  the  Cat ;  and  of  that  which  is 
absorbed  by  the  Horse,  little  more  than  one'^venth  passes  into  the  urine, 
the  remainder  being  exhaled  from  the  lungs  and  skin  ;  whilst  In  the  Cat,  the 
proportion  which  passes  off  by  the  skin  is  less  than  one-sixth  of  that  which 
IS  absorbed,  the  remainder  being  eliminated  by  the  urine.  Of  the  carbon 
t&ken  into  the  system,  a  relatively  larger  proportion  passes  off  by  the  lunge 
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in  the  Horse^  wtile  a  relatively  larger  prcijxirilou  enters  the  urioe  m  i\ 
Cat:  this  b  prt^bably  beeauiie  the  great  bulk  of  tbe  L-arbou  in  tht-  Wi  of 
the  Hf^me  exhiM  m  thoi^e  tioii-azotized  compt)U»<U^  wbleh  eau  be  reatiilveoQ- 
verted  byoxyi^natioo  into  carbonic  aeki  ati<l  waiter,  ami  wlncb  iinitjtttiuentlf 
yield  little  or  nothing  to  the  urine;  whilst  iimm  prtwiacte  of  the  decniajioa- 
tloii  of  albuminous  gubMatices  wliit-h  pai*$  into  the  urtue,  though  esitpiw^iilk 
rich  in  nitrogeo,  carry  with  them  a  certain  measure  of  rarbt*n  iato  thai  ^i- 
cretiou.  In  the  cas*e  of  man,  the  researches  of  Petteitkofer  and  Vait  .4iuw 
that  with  ordinary  f^>od  54  per  cent,  of  the  Wtiier  dischargeil  irom  the  boiif 
is  eliminated  by  the  kidneys^  5  per  cent,  with  the  ficeu^,  and  41  p^r  <5eut,  witi 
the  expired  air  The  amount  of  Ch.rhon  discharged  per  dit^in  on  mixed  f^jml 
by  tlie  skin  and  lungs  is  about  3900  grainy  of  which  4  [ler  eeut,  h  ejten?t<<i 
hy  the  kidneys,  6  per  cent,  by  tbe  bowels,  and  90  per  cent,  by  the  Iujj^^l 
The  am  mot  ofHijdrogen  ^m  eliminated  is  small,  and  the  major  fKirlioii  of 
this  element  passes  away  in  combination  with  oxygen  a.^  water.  The  ^aau* 
tity  of  Nlirogeii  varies  cousidembly,  but  with  sufficient  mixed  diet  i*  rt|iitl 
to  H00.6  grains  daily,  Parkes*  fiuds  that  of  this,  25  grains  pa?s  tiif  hy  ilie 
bowel'*  per  diem,  the  remainder  being  eliminated  by  the  urine.  The  p^^>JHJ^ 
tiou  of  the  alvlue  to  the  total  excretion  of  nitrogen  varies  fn>ra  8.1 — 1L45 
per  cent,  (Parke*) ;  according  to  Ranke  it  is  8  per  cent.  The  amoual  d 
O^ligeii  ak^orbed  with  sufficient  food  i»  12,845  grains,  whilst  during  fi^tixijf 
it  ie  14,793  grains,  lu  the  fasting  state  more  oxygen  is  taken  up  thau  i!*f' 
bonic  acid  i^  eliminated,  tlie  proportioji  being  106  :  100;  when  food  in  iMkm^ 
ou  the  other  hand,  the  proportion  of  oxygen  absorbed  to  carbonic  acid  tXim* 
itmted  is  as  100  :  90  ;  lu  the  latter  ease  the  carbon  i^  derived  from  the  hy*in»- 
kcarbona  or  carbohydrates  In  the  fo^>d,  whilst  lu  the  former  it  is  dcrivc<l  from 
tbe  tissues,  in  \vhich  case  a  much  larger  amount  of  oxygen  u  ro*|iiircd,  die 
carbohydrates  containing  much  more  oxygen, 

342.'Tbas^  then,  we  see  that,  throughout  life,  a  continuous  ir  ^  of 

material  takes  place  in  the  very  substA^ace  of  the  ti«^sue^,and  «►  ^i^ 

rial,  derived  from  without,  is  being  constautly  laid  doxvn  to  rt^piace  tin'  dM 
and  effete  substaoce,  which,  in  the  act  of  devehiping  force  in  one  forai  ^t 
auather,  undergoes  oxidation,  and^  as  we  shall  hcroaftcr  sec  ichap.  xi,  *e<l 
3),  \&  then  taken  up  by  the  circulating  current,  to  be  removed  by  the  **xt!re' 
tory  organs.  In  tbe  earliest  periods  of  lite»  how  acti%^e  soever  the  03tidi*injC 
processes  may  be,  the  power  of  the  fabric  to  seize  and  apply  the  gab«taxjctf 
employed  as  food  is  superior,  and  the  results  are  seen  in  the  processes  ^i 
growth  and  development.  In  adult  life  the  balance  is  more  equally  p«- 
served,  and  all  the  faculties  of  tbe  bt^dy  attain  their  highest  state  of  efficicncj- 
But  in  old  age,  with  the  increasing  debility  of  all  the  vegetative  procfiasia, 
with  dimiuii^lied  capability  of  absorption,  diminished  eucrgy  au<l  rapid itTf^if 
the  circulaiing  current,  with  more  compact  and  drier  tissues,  there  cnmm^ 
be  a  gradual  deficiency  in  the  processes  of  nutrition,  until  at  length  tk 
body  eease^  to  be  able  to  nourish  itself^  the  waste  is  greater  than  the  m\ 
and  the  death  of  extreme  old  age  may  be  justly  mmpared,  in  the 
oftentimes  preceded  by  the  degeneration  of  the  tissuei  aud  the  gi»di 
failure  of  the  temperature,  to  death  by  inanition, 

343.  Of  all  the  constituents  of  the  body,  none  are  of  more  coiaplfti 
chemical  composition,  and  undergo  more  numerous  and  varietl  cbanged,  thafl 
Albumen?    The  relations  which  this  substance  beam  to  tbe  living  budy  i« 


1  On  the  Elimmntlon  of  Nitrf>gua  fruca  tbe  Humnii  Btidyf  Drooal«Q  liiCittitfi  | 
Lunret,  vt*l.  i,  J871» 

'  Tlie  fiifmuU  givon  for  il  hy  v,  Garup-Beajineji  being  C„,nj,,N,y%0,,,  «fld  ^ 
Turtle  CinH,j4E«„S,0<^ 
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4he  most  imjKJrtant  and  fuD  da  mental  character ;  eince,  as  elsewhere 
bwn»  it  enters  largely  into  the  com  posit  ion  of  the  Jiniseleii,  nerves,  and 
glandular  striicture^^  whilst  it  al*o  affurtk  the  chief  malerial  for  the  pnid ac- 
tion of  the  fibrin,  and  hsematoglobidin  of  the  Bluod.  It  appean*,  however^ 
to  be  it^lf  entirely  des^titute  of  formative  capacity ;  for  m  no  eKudation 
which  ia  purely  serous  do  we  ever  trace  the  alighiegt  indication  of  organ iza- 
tioQ ;  and  its  conversion  into  the  various  kinds  of  ti^<^ue&,  therefore,  must  be 
eotiK^ly  due  to  their  own  jjower  of  appropriating  and  transforming  it.  The 
great  function  of  the  Albumen  of  the  blood,  then,  is  to  supply  the  material 
for  these  various  transformatiDns ;  and  we  accordingly  find  that  whatever 
other  chan^;^  the  fluid  may  undergo,  whether  it  loses  it  fibrin  or  its  red  cor- 
puieleSy  or  both,  albumen  is  still  present  in  abundance.  Its  ultimate  source 
,  la  to  be  found  in  the  fot>d  \  but  the  serous  liquid  which  percolates  the  tissues 
of  the  btxly  iuay  be  regarded  a^  a  reserve  store,  to  be  drawn  upon  in  case  of 
need,  furnishing  ntbumen  to  the  blood  when  it  might  otherwise  be  deficient; 
atid  thus  iierhups  it  is»  that  abstinence  or  repeated  h»^es  of  blood  do  not 
pnKltjce  the  degree  of  depression  in  the  proportion  of  albumen,  which  miglit 
be  expfreted  fnira  the  very  marked  reduction  they  effect  in  that  of  the  eor- 
puseles.  When  an  excess  of  Albuminous  matter  is  ftigested  as  food,  the  in- 
juria us  eflecta  wliich  niight  follow  the  too  great  augmentation  of  this  con- 
stituent of  the  Blood,  appear  to  be  averted  by  the  readiness  with  which  it 
undergoes  retrograde  as  well  as  pro^rtmtvt;  metamorphosis ;  for,  if  not 
speedily  subjected  to  the  latter  change,  it  appears  in  the  ceaseless  inter- 
change which  take*  place  between  the  ron tents  of  the  cells  of  which  the  body 
is  composed  and  the  fluids^  as  the  lymph  and  blood  bathing  their  external 
anrfaces,  to  be  a  fleeted  by  denom  posing  agencies,  and  to  be  eliminated  from 
the  system  by  the  excretory  apparatus,  under  the  form  of  urinary  and  biliary 
matter.  From  various  considerations  it  would  appear  the  albuminous  com- 
pounds in  their  retrograde  metamorphoses  are  capable  of  breaking  up  into 
two  groups  of  substances,  of  which  one  contains  the  whole  of  the  nitrogen, 
whilst  the  other  is  comtJosed  of  carbon,  hydrogen,  and  oxygen  aloue*  The 
for rn er  are  u I ti mate  1  y  e li m i na ted  fro ra  th e  b od y  as  u rea  o r  so m e  a na  1  ogous 
compound ;  the  latter  are  either  stored  up  in  the  form  of  fat  or  are  dis- 
charged alter  oxygenation  in  the  form  of  carbonic  acid  and  water.  Of  the 
former  series,  we  know  that  whilst  Lenciu  (C^Hj^NOj),  Ty rosin  (Cf,H„NOj, 
and  Glycin  iC^H-NO^),  ran  be  artificially  formed  by  the  action  of  alkalies 
or  acids  upon  albumen,  or  even  appear  during  its  spontaneous  deconjposi- 
tion ;  these  same  substances  can  also  be  obtained  from  various  tissues  of  the 
body,  and  are  always  most  abundant  in  those  organs  in  which  interstitial 
ehauges  are  most  active,  as  in  the  spleen  and  liver/  From  muscular  tissue, 
again,  Inosinic  Acid  (C,^,H,,Np„),  Creatin  tC^H^/\),  and  the  urinary 
coo^titnent  Creaiinin  ((\H.N,0,),  can  be  directly  obtained.  The  relation 
of  Inosinic  Acid  and  of  Allantoin  tC^H^Np^),  found  in  the  urine  of  women 
during  gestation  and  in  new4K»rn  children,  to  Unu  Acid  and  Urea,  which 
are  the  ultimate  pruductii  of  the  decomposition  of  the  albuminous  compounds, 
m  very  intimate;  whilst  as  regards  Creatin,  the  researches  of  Barokow*  in- 
dicate that  during  active  muscular  exertion  it  is  converted  into  Creatin  in, 
or  at  all  events  that,  iu  muscles  exhausteil  by  action,  a  greatly  increased 
proportion  of  Creatinin  is  generated;  aud  it  is  well  known  that  both  of 
them  are  convertible  by  chemical  agents  into  Urea/    The  evidence  of  the 


i  Glyein  hriK  noti  indc^^d,  bef>n  obtnined  in  the  sepamte  stnt^,  but  it  enters  into 
the  compotitiflU  at  the  giycoolioMc  ndd  nf  the  bHe.  "The  further  deoompo&ttion  of 
Ifudo  in  the  UbofHlnry  by  formpntrtlioR  nudt  oxiiliatng  ft^ents,  yields  the  vutatlle 
fjitty  *eidi  well  Naowti  to  in^ur  rn  glandular  orgiins  ond  in  the  blood. 

'  Tirehow's  Archiv,  I  SOS,  p.  Hi*  *^Fownes'i  Qhemi^try,  1861,  p*  070, 
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d^rivaticm  of  the  fatl_v  conipourHk  frooi  the  albumiDoys  $uhstiili«s?  will  In 
given  iti  the  aext  seftlon,  aufl,  lik*a  that  indk-atiDg  the  origiii  of  ihe  fw> 
oaeetjus  ami  eaceharine  compiutidB  from  them,  is  chiefly  of  an  itt4iitft 
nature,  lu  reganl  to  ihe  aiiah^jrau^  compoiiiul  glTCogen,  it  mav  1"^  nlw^nrd 
that  the  formation  of  an  ainyhjicJ  substance  is  the  nataml  d)  ibf 

liver,  and  there  h  some  reason  for  believing  that  this  is  an  .UMn  iuctiuil« 
stage  of  the  decomposition  of  albumen  into  fat;  the  formation  of  tht;  ^irro. 
gen  being  accompanied  by  the  simultaneous  appearance  of  highly  ijitr> 
genoiis  substances,  such  as  Glycocholic  and  TaurochoHc  aeid&^  which  htt%t 
Been  shown  by  Llebig  to  be  readilv  derivable  from  albumeUf  the  latter  f*m- 
taiuing  an  important  eleaient  of  albumen ^  namely,  Sulphur  In  r<*jmr«l  tu 
the  alburamon*i»  and  as  the  experinienta  of  Btscholf  and  V  ^  U 

prove,  the  gelatinous  constituents  of  our  food  also,  it  is  probalh  Ut 

the  largest  part  i^  applied  directly  to  the  formation  of  tiB?iii*^,  lurlHitinjr 
under  this  term  the  contents  of  glaud-cells,  whilst  a  much  ^mailer  portiuu,  if 
indeed  there  be  any,  termed  the  **  Lnxns  consumption '*  by  the  Gi^rman^  ii 
decoiKpfmed  in  the  blor>d  without  forming  tissue.  In  both  inj^tances  a  kinj 
of  decomp<Jsifion  or  disintegration  takes  place  under  the  influence  of  oiygim, 
by  which,  on  the  one  hand,  such  compounds  as  Fibrin,  Chondrin.  Kemttir, 
Taurin.  Glychi,  Lsuciu,  Creatin,  Creatiuin,  Guanin,  8arkin,  Xanthin,  Cnc 
Acid,  Ih^a,  etc,,  are  formed,  which  are,  fi*r  the  most  part,  discharged  by  the 
Urine  and  F^eees;  and  on  the  other,  certain  fiitty  or  saccharine  Hubstaaoti 
are  geoerate<i,  by  the  fufther  combuMion  of  whicfi  the  animal  heat  is  marij- 
taitied,  their  ultimate  prodo«-ts,  con^i.ning  of  Carbonic  Acid  and  Water, 
being  eliminated  chiefly  by  the  fjkin  and  lung?. 

1^44.  As  reganis*  the  fnthj  t^onntitttenU  of  the  botly,  a  large  propordoo  i» 
doubtless  deriv<»il  from  the  oleaginoiti?  compound:^  consumed  in  the  f*ioi1, 
though  it  is  certain  that  a  part  may  also  proceed  from  the  nietamorfihf«ii 
or  disintegration  of  both  hydrocarbonaceous  and  albuminous  compoaatit. 
Of  the  fats  ingested  a  |wrtion  atler  reduction  to  the  flnid  Htale  and  iniDUtt 
division  is  directly  atw^orhed,  whilst  a  smaller  portion  appear*  in  lie  dr 
composed  by  the  fiancreatic  juice  into  the  fatty  acids  and  glyceriu  hefbrt 
absorption.  It  has  been  suggested  by  v.  Gontp-Bcsanez  that  the  fai  directly 
absorbed  would ^  under  the  influence  of  the  active  oxygen  and  alkaline  c*tr* 
bonates  of  the  hloixl*  also  si>on  undergo  decomposition  into  the  fatty  n^i* 
and  glycerin,  which  again ^  by  further  oxidation,  give  rise  to  formic,  pnipiotiip, 
and  other  acids.  It  seems  reasonable  to  suppr^se  tliat  the  stearates,  (*ieat^ 
and  margarates  are  directly  applied  to  the  formation  of  adipoi*!?  tissue."  Bot 
that  the  adipose  tissue  of  an  animal  docs  not  j>roceed  exclusively  frtjia  the 
fat*  ingested  with  the  food  is  conclusively  shown  by  the  expenmetits  of  l^ira* 
and  Gilbert,^  who  found  that  in  fattening  pigs  for  every  1110  partu  of  &im 
the  food,  400-500  parts  of  iat  were  stored  up  in  the  brjdy  of  the  animal  Tb« 
question  then  arises,  does  the  excess  of  fat  laid  down  iu  the  body  uvcrth*  &t 
[ingested  prt^^eed  from  the  hydrocarbonaeeous  or  from  the  albominoti*  t-ott- 
itituents  of  the  food  ?  The  ex|>eriments  of  Liehig,  Gundlach,  Hulwr,  Dunia^ 
and  Milne*Edward^  upon  Bees^  showing  that  if  these  animals  btj  M  upu 
pure  mgar  they  are  yet  able  to  furnish  wait  for  the  comb,  and  the  ob*fertir 


1  Si*o  Hofmann  (Zclta.  t  Bmlogie,  Bund  vlTi,  p.  IfiS).  R»d2i^jrwskt  {Tlfrliow'i 
Arthiv,  Bund  x,  liui  nt\d  8tibbutin  (Centmiblfttl,  l^liK  p.  OTft)  are  ht.w*T«r  op* 
pn^f'ti  to  \hu  view,  twM'iujso  ihcy  fi>und  ihtit  although  wKi?n  ivrtniii  fiiU  with  n^lJ* 
mnrktHl  cheink*al  pn»p*>rtie«j  ¥ia  spHrmHOMij  were  intrnduccd  iiiti?  thu  nhmmiMTj 
ciirviil  of  n  dtig,  thoy  undurwi'Dt  aUsorpLiori,  yet  tiiey  could  nat  bfl  §tit)t««|yrotff  4^ 
te^lwl  in  th*f  autH-utaneoua  fiit* 

«  P}nU>»oph  Tmiwttct,,  1S6&,  p.  W3,  Sw  ilsa  Feltenkofar  and  Voft,  Z4ud»Ml 
Biologbf  Bnad  ix. 
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tioQi  of  Bouasingault,  Lehmarm,  Groiier,  and  Lawes  and  Gilbert  on  ducks, 
!«•»,  p*g^T  ftiid  oxen,  showing  that  on  a  diet  rich  in  carbohydrates  fat  b 
nbundantty  formed,  and  either  deposited  in  the  tissues  or  excreted  in  the 
milk  or  fkoes,  C4>npled  with  the  well-known  fact  that  negroes  rapidly  fatten 
dnring  the  period  of  cutting  the  sugarcanes,  lead  lo  the  conclusion  that  the 
f»t  of  tlie  body  may  be  derived  from  the  carbohydi-ates,  and  this  is  supported 
by  the  obgeni^ation  of  Pa-^teur,  that  in  the  alcohoiic  fermentatiDn  of  sugar 
(iijcerin  is  one  of  the  products.  Lawes  and  Gilbert  indeed  estimate  that  2| 
parta  of  ^tUrch  mui*t  be  consumed  in  the  food  to  prtiduee  one  part  of  fat,  the 
proportion  of  sugar  reqinred  being  somewhat  larger/  But  evi<lence  has  also 
accumulated  showing  that  the  fut  of  the  body  may  be  derived  fmm  the 
albuQiitious  compoirndg;  thus  Petteukufer  ami  VoitYound  that  on  very  full 
or  exce&iive  meat  diet  their  dog  excreted  conmderably  lass  carbtm  than  he 
tog!Wied,  though  the  quautitie^s  of  nitrogen  ingested  and  egested  were  almost 
exacltj  erjual,  and  as  the  animal  gained  in  weight  and  fat  was  deposited  in 
its  tiMSues^  there  was  strong  reason  for  believing  that  it  was  due  to  the  separa- 
tion of  a  p*irt  of  the  albuminous  compounds  in  the  form  of  fat.  Other  facts 
which  may  be  mentioned  as  tending  to  prove  the  same  thing  are  the  produc- 
tia»  of  adipocere  from  muscle;  the  observations  of  Blondeau,  Hoppe,  Kem- 
merich  iintl  Fleischer,  thai  fat  can  be  deposited  duriug  a  diet  composed 
mainly  of  ehee^,  and  the  formation  of  fat  during  the  maturing  of  cheese, 
and  the  development  of  fat  in  a  fasting  dog  wheu  the  animal  is  slowly  poi- 
soued  with  phosphorus;  the  experiments  of  Snbboliu  showing  that  bitches 
ieerete  milk  containing  the  largetst  amount  of  iat  when  the  food  has  been 
abundant,  though  composted  e^^senually  of  lean  meat;  the  observations  of 
Burdach*  upon  the  eggs  of  Limtueus,  shcf^ving  that  in  the  progress  of  iucuha- 
lion  the  fat  increujies  apparently  at  the  expense  of  the  albumen,  S4i  that 
whereas  in  the  early  stnge  the  amount  of  fat  is  about  7  per  U>(>0  and  of 
albumen  about  9.53,  in  the  last  stage  the  amount  of  fat  has  increased  to 
about  2*2  parti*,  whilst  the  albumen  htm  fallen  to  1^.18  in  HM3()  parts;  and 
lastly,  the  recent  experiments  of  Pettenkoter  and  Voit^  all  afford  strong 
support  Ui  the  view  that  the  fats  may  lie  derived  from  the  albuminous 
eampounds,  the  observation  of  thijse  investigators  ap^icaring  to  tiemonstnUe 
that  when  a  suAicient  amount  of  albuminous  food  is  supplied,  fat  inge^^ted 
as  such  is  stored  up  in  the  body,  the  carbohydrates  burnt  to  maintain  the 
animal  heat  being  really  derived  from  the  disintegration  of  the  albu men, 
which  they  estimate  yields  about  55  per  cent,  of  its  weight  of  fat  The 
phenomena  presented  in  nervecells  and  muscular  tissue  during  the  pit  ho- 
logicaJ  process  of  fatty  degeneratiou  may  also  be  referred  to  as  supjdying 
additional  evidence. — The  quantity  of  fat  contained  in  different  parts  of  the 
body  %'arie5  cousiderahly,  but  it  is  almost  universally  present.  The  bloiid 
usually  contains  about  0.4  |>er  cenL,  the  muscles  3.3,  milk  4.3,  brain  8,  the 
nerves  22,  and  adipose  tissue  83  per  cent— *The  fatty  matters  of  the  Blood, 
Wides  being  destined  to  furnish  the  contents  of  the  Adipose  and  Nervous 
vesicles,  appear  also  to  he  required  in  the  early  stages  of  the  production  of 
eelU  generally*  The  principal  source  of  their  expenditure,  however,  is  that 
process  of  cnmbustiou  by  wluch  the  heat  of  the  body  is  maintained  ;  and  the 
amount  deposited  m  the  ti^uea  as  fat,  may  be  looked  upon  as  the  surplus  of 


^  The  oppotienls  of  tH<*  view  »bove  giveii,  that  fit  TRRy  bfl  derived  from  thi5  Vmr^ 

bohjdfiitp^,  coil  tend  thM  the  purely  chomfcal  (jvidpnce'is   wpnk,  sJnea  only  f*itty 

jidiif,  |kMtr  In  carbon,  nnd  traceM  uf  Glycerin  and  Glyeeridoa,  make  their  ap(>ejirarvefi 

in  ^ftiLTliJirine  fermenOi linns, 

*  F.  W.  Burdnch,  Ij^^  Comment  Subst.  Prot  in  Adipfjm  Diswrt.,  1853, 

^  Z**iU*  f.  Biulogie,  Bund  ix,  Hufl  K     Weinke  iind  WiJdt,  Zeila.  f.  Bialogie,  Band 

1,  mi,  p.  I. 
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the qtjantity  ingested,  that  liDot  thug conBuinerl    Tbetj^ 
ID  the  blcMjd  IB  liable  to  sudden  augmeMtatiori,  from  the  i  .11 

quantity  furnished  at  once  hy  the  alinieutary  mati^rbil ;  ami  ihb  cxccv  will 
enotiiiue  until  the  surplus  hm  been  elimiimted,  eilher  by  theiv>iiiVi:-tirr,  the 
muritive,  or  the  exLTetory  operatious*     The^  lust  do  not  t>rdii  I'tc 

the  sajjonifiable  tkt^  from  the  body  ;  tor  aUhouglj  tht?  mtimraary  ..  u 

the  female  draw§  off  from  her  hUmd  a  large  quantity  of  ffttty  ttmtter,  tkii« 
destined  not  for  its  purifiratioo,  but  for  the  nutrition  of  her  otf- *-;...  ■  ^i 
cholesteriu  appeal^  to  tie  tlje  only  fatty  sulMance  which  is  oomi 
for  the  purpose  of  \mug  removed  from  the  body.     The  uhimaM    i.>|rf-a 
the  mcrhurint'  eomtttiiejitH  of  the  body,  which  appear  to  be  partly  tierii'wi  (nm 
withont,  and  to  be  partly  the  rti^iilt  of  the  deeompositioo  of  tji.      ''        ;i»-at 
const ituentJi  of  the  blood,  an  will  be  her^^ifter  more  fully  coti- 
,  cogeay),  h  still  unknown;  though  there  seems  to  be  some  pnili,i*:ii 
I  favor  of  their  being  firyt  converted  into  Lactic  acid,  and  finally  tnUt 
bouic  add  and  Water,  and  a^  thec^e  are  more  easily  oxidized  than  thm 
they  !?j>are  the  latter  from  eombustion. 

845.  The  use^  of  the  various  Inorganic  compounds,  which,  am  bdng 
formly  present  in  the  Blood,  must  be  considered  among  its  integiml 
uent^,  have  already  been   pointed  out  (§  57)*  and  it  need  only  Hen? 
remarked  that  the  recent  observations  of  Weieke'  show  that  the  l>*>ij«i 
their  hohl  of  the  salts  that  enter  into  their  composition  with  gre«t  te\ 
so  that  if  food  be  supplied  in  which  the  proper  salts  are  defective  no  mal 
difference  can  be  detected  for  a  considerable  period  in  the  composition  af 
osseous  tissue*     Papillon*  has  demonstrated  that  the  Bones  will  contaru  s 
large  proportion  of  strontium  phctephate^  or  of  magn«^iau  phii^^ihalr,  f> 
placing  the  calcium  phosphate,  if  these  salts  are  liberalh  '    thtf 

food,  and  providing  the  calcium  phosphate  is  deficient  or  ;       ^  nt 

84*1.  We  iuay  now  proceed  briefly  to  consider  what  is  the  aaunuil  am! 
nature  of  the  work  done  in  and  by  the  body*  aud  endeavor  to  a*f*prtniri  th* 
mode  in  which  the  food  consumed  is  applied  to  the  production  rk. 

It  has  already  been  stated  that  the  two  prineifjal  circumMaiict  -  imjr 

a  demand  for  alimentary  material  are  the  supply  of  the  Iosls  cau^d  in  ihv 
activity  of  the  nervo*nurscuiar  apparatus,  aud  the  product  ion  of  thr  l»iit 
requisite  to  maintain  the  body  at  a  uniform  stamiard.     The  actual  dt«tih 
tegration  of  the  material  aub^jtratum  of  the  nervous  and  muscular  tiasutf 
during  exertion  appears  to  he  exceedingly  small,  since  fasting  animdf,Of 
animals  fed  on  nou-nitrogenous  diet,  can  for  a  cousiderable  periotl  pcriiinn 
sev^ere  work  without  the  occurrence  of  any  consiflerahlc  increase  upow  ill* 
amount  of  nitrogenous  excreta  eliminated  by  the  mme  awiinaU  when  at  mt 
with  the  same  diet.   Yet  that  the  tisaue^  really  undergo  dii*integration  iluHiif 
exertion,  and  that  they  rec|uire  appropriate  nitrogenous  foini  (m  thr  nymt 
of  the  lo&s  occa.sioned'  by  their  wear  and  tear,  is  clearly  shown  by  thfir  in- 
capacity  for  performing  Work  except  for  a  limited  i^eriod  without  sncb  itip 
plies.     It  is  reasonable  then  to  suppose  that  whilst  a  certain  small  partuairf 
the  large  store  of  albuminous  and  other  nutritive  material  preaeat  in  ^ 
body  is  applied  to  the  nutrition  and  repair  of  the  work- performing  ttMi»»t» 
very  much  larger  proportion  is  applied  to  the  development  uf  the  foa«^  ^ 
various*  kinds  which  are  exerted  by  tbem.    The  three  principal  clA«e«  w 
food,  the  albnmitious,  farinaceous,  and  oleaginous,  ar€  all  of  them  ct)m|Ki*pw 
of  easily  oxidi^able  material,  and  it  is  eonoetvable  that  in  the  act  of  cpt^ 

I  Z«?it4rhrlfl  fur  Biologie,  vii,  pp,  179  unci  UZ. 

'  JimrnHl  d&  rAnHtomie,  187S,  No.  3  ;  «**#»  hIro  K5rilg,  Zeit4s  f*  Biol^fk  ^  '* 
1874,  p.  GS.     The  stjsleijieat  is  coateisttxj  by  Welsko,  ibid.,  1872,  Bd,  viiip  p*  231>- 
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I  nxy^iu  or  rather  with  ozooe,  the  force  may  either  become 
irectlir  apparent  a.^  heat  or  electricity^  or  may,  through  the  agency  of  muscle 
— gland— or  nerve*tiK:*iie,  produce  moveaient»  secretion*  or  thoughts  We 
have  only  indirect  means  of  estimating  this  hist ;  hut  the  cjuantity  of  food 
required  for  the  meehaQical  and  caharific  force  developed  oy  the  body  has 
been  rendered  capable  of  being  estimated  by  the  experiment'?  of  Frankland, 
Haoifhtoii,  and  others. 

«>47.  Ac<x*rd»ng  to  the  observations  of  Prof.  Franklaud,  one  gramme 
(15*44  grain»i)  of  purified  albumen,  wheu  burnt  in  oxygen,  yields  4.098  units 
of  be4it.  Now  each  unit  of  heat  can  be  converted  into  mechanical  force,  ex- 
presn^  iii  kiiogmmnjetrt^,  by  multiplying  it  by  the  number  423;  that  h  to 
say,  the  lieat  reijuired  to  rai^e  one  kilogramme  of  water  1^  C-  if  converted 
into  mechanical  force  would  raise  423  kilograiujneis  one  metre  in  height,  or 
an  amount  of  heat  equivalent  to  1*^  C,  would  be  produced  by  the  expendi- 
ture of  au  amount  td'  force  equal  to  the  raising  of  42Z  kilogrammes*  to  the 
height  of  one  meire ;  ht^nce  one  gramme  of  albumen  in  burning  in  oxygen 
yiehls  4/Jl*8x423,  or  2117  kilogmm  metres — that  U,  a  force  rtufficient  to  raise 
2117  kilogrammes!  to  the  height  of  one  metre.  But  it  Is  to  he  remembered 
that  albumeti.  In  pasgting  through  the  body,  m  not  so  completely  oxidized  as 
when  burnt  in  oxygen.  It  in  only  reduced  to  the  condition  of  urea;  and 
ProferttH>r  Frankland  has  shown  that  urea  can  ibielf  be  burnt  in  oxygen, 
yielding  2/i0f»  unils  of  heat,  which  is  equal  to  934  kilogram nietres  of  fbree  ; 
and  as  it  h  found  that  one  gramme  of  pure  albumen  in  puling  thn*ugh  tlte 
body,  furnishes  almost  exactly  one-third  of  it^  weight  of  urea*  the  effective 
force  developtfd  in  the  bmly  by  its  consumption  h  obviously  \c^  than  when 
it  is  burnt  in  oxygen  Uy  the  extent  of  the  amount  of  force  still  produce*! 
^heu  one-lhird  of  a  gramme  of  urea  is  burnt  iu  oxygen.  Hence  the  etfective 
force  of  one  gramme  of  albumen  is  equivalent  to  1803  kilogram  met  res  J  Fat, 
on  the  other  hand,  h  m  completely  burnt  in  the  bmly  as  outside  of  it,  and 
yiekls  weight  for  weight  a  much  larger  amount  of  effective  force  than  albu- 
men. The  foUowing  table  contains  some  of  the  more  important  de term i na- 
tions made  by  Professor  Frankland: 


Ein»et1v«  i>n«rK7  *bpii  one  ^riLmiiicortlifl 

EfrpotlT««  euvTwf  »ht»n 

tUlK'tfnt  »iib9trtutfe«  nami,"*J  U  Uurnl  In  , 

consumed  i&  \h«  bodf 

HtmeoftliflFood. 

Oiygeti. 

iu  kJlognmm4»lr«3L 

Unl^i  tif  [I«(U. 

KI1«>[rmrHin«lr(>« 
of  Faftas. 

Per- 

KfttUTUl 

tHenti^ 

Dry, 

Dry, 

■tftt«. 

Dry. 

Hilunt 

of      1 
irnler. 

< 

AUU. 

Altiimi*^n»    •    *    ,     .    * 

4.81)6 

B71 

2r)74 

284 

8(1  S  , 

ITSt 

2U 

l^an  Hf*yf.  .    .     ,     ,     . 

5.813 

1,W 

22m 

6BI 

70.6 

2047 

601 

TWh  (Mnckerel),  .    .    . 

n.m4 

1789 

2om 

768 

70.6 

2315 

6S3 

Fn%  .♦r  Bt'ef,     .    ,     .    , 

0  0(59 

»  ♦  ♦  , 

3841 

.  ♦  ,  1 

.  » * 

a8l! 

*  ,  .  * 

8tnrch * 

♦  1  •  i 

3041 

»  I  *  ■ 

1669 

■  «  ■ 

trim 

1627 

Sugar  (white), .    .    ,     , 

»  .  t  . 

zzis 

.... 

HIS 

.  ■  . 

*    «    >    « 

1418 

a<>hiT]rs   *.*.,. 

4.520 

1  »  *  » 

1014 

*  «  *  * 

,  .  t 

1550 

. . , , 

Bti^B'5  Ale,  including  the 

ulcfihol 

3  776       775 

1550 

328 

mi 

*  •■■ 

.... 

*  It  irnist  h^  ncknowledc'^d  tUat  the  fiatliUMtea  nf  different  c*xpeHtnor»ler«  in  regard 
to  UiR  cjiicvrtftp  v«lup  iff  ditFer^-'nt  Ruhstiiticcs  viiry  ooHsiJeriihly,  Tims,  Frjitike  e*ti» 
muttf^  iUnl  thf^  vtnuUiinhm  of  one  ^rttmroe  of  staPi^h  produces  5232  unit*  of  hfnt^ 
Liidwli?  UfS,  D>jlor>ij  82-^2,  Bi^chotTMnd  Yoit  5100,  Mnd  Fnmliland  3911.  The  warm- 
iDfcof  one  pound  of  water  1^  U.  ii  equiynleM  to  a  mec*hftiiieftl  force  of  ISUO  foot- 
ppyndit 
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MB.  The  amount  of  work  done  by  tlio  body  may  be  divined  into — 1, 
orifie  work  ;  2.  Internal  medmiiieal  work,  siieh  ns  m  reiiuired  for  the  mau**] 
tenaiiue  of  the  cirtnilation^  rej&pi rat ioji,  digestion,  etc*;  3.  Exterual  rof^cbsiiii-] 
cal  work,  expended  in  the  movenients  of  loeoniotion»  lifting  nnd  i?arryiivf  I 
weights,  etc.;  4,  Mental  work;  and  lastly,  in  youths  the  work  of  i^irowlb. 
The  absolute  aniount  df  hmt  tmiU  daily  pnniuced  by  an  adult  i^f  avera^  j 
weight  has  been  estimated  by  Rauke  at  *2200  (by  Helmholtz  at  27O0),  of^ 
euffieient  to   rai^e  the  tem|Jerature  of  48.4  lbs.  from  the  freezijij  *     *^  * 
boiling-point ;'  oi*  if  converted  Into  raeehanical  force,  it  amounts  i^ 
kilogramnietre?,  whieh  would  be  sufticient  to  raise  the  bcni y  of  a  nmn  ^i-sun- 
iiig  68  kilogrammes  (1411.0  Ib^.  av.j  through  a  vertical  height  of  8.5  mileg. 
This  heat  h  ex^>ended  in  ctmduction  and  radiation  from  the  body,  iu  warm* 
ing  the  air  inhaled,  and  the  water  and  water)-  vapor  exhaled  by  the  !«kiji,J 
kidneys,  and  hiiifr^,  and  in  warnjing  the  food,     Ts'ext  m  regards  tnti^m  ' 

namu^ai  work.     Professor  Hanghton'  stales  that  the  work  done  in  maiij  

ing  the  circulation  and  respiraiitm  may  be  estimated  at  13:^  fVkjt'iiio*,  or 
41,180  kilogram  metres  f  heart  ==121  foot4ons,  niugcles  of  rtf.^piratitm,  11 
foot-tons).     The  f^arae  authority  give^  m  the  ra^ult  of  numen>U5i  iibservatitirw  i 
on  the  external  or  daily  work  of  various  cla^ea  of  la  bo  rem  the  rneau  nf  j 
353*75  foot^ouH  ( 109.549  kilogrammetreR),  which  corret^poijdn  Wfll  with  the] 
results  obtained  by  Coulondi  (330  fa<jt-ton&),  Lamand^  (352  ftKH-Ums  i,  and 
Playiair  (346  foot- tons).     The  work  expended  in  tjrawth  mny  be  nt*g!et'ie«i 
ibr  tlie  adult ;  and  that  exerted  in  mental  opemtiotiSf  m  already  stiilf<l,  okU  ' 
only  be  indirectly  estimated.     From  the  foregoing  calculation  ii  wtmld  ^ecnij 
that  the  entire  amount  of  force  expended  in  maintaiuiug  the  heat  «f  lU 
body  of  an  adult  weighing  150  lbs.  and  in  the  performance  of  his  iutt^nudl 
and  external  mechanical  work  is  1,044,207  kilogram  me  trcii,  of  whifh  nia<j:l 
tentbj^  in  expended  in  maintaining  the  heat,  and  the  remainder  in  cjtierail  j 
and  internal  dyuamical  work/ 

349.  It  may  be  shown,  either  from  an  examination  of  Frank  land*-*  tablo^l 
or  by  calculating  the  amount  of  tij*sue  decompt)sied  to  fumijih  the  ui'iiil 
amount  of  urea,  carbonic  acid,  and  water  eUminale<l  from  the  b«wly,  tint 
almost  exactly  the  same  amount  of  a  million  kilogram  met  res  <*f  forcus  art 
contained  iu  the  fond.     Thus,  on  Vierordt's  estimate— 


120  gmmixics  of  flltiumen,  dry, 

1*0       *«       of  rm, .       .       .       .       * 
S30        "         of  fKriJiaceou^  compourxi^, . 


=  2 1 B ,  T2n  k  i  loj^  m  m  metric. 
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The  close  approximation  of  the  experimental  with  the  calculated  value*** 
of  great  interest.  It  may  be  objected  that  a  very  small  margin  ii^  \<'tlf(^ 
purely  mental  operations  ;  but  it  must  be  remembered  that  PTuftrnQT  IhH^' 
ton's  estimate  of  353J5  font-tons,  or  109,549  kilogram  met  res,  lor  eii^niil 
or  mechanical  work,  m  very  high,  being  equi%'aleut  to  that  i-equircd  t«  raw* 
the  body  through  one  mile  of  vertical  height,  or  to  walking  20,74  niibf*| 
diem,  which  is  perhaps  three  timea  more  than  is  usually  accotnplifebeil;  »»^ 

5  GrundzUge  der  Phyaiologie,  p.  476, 1808.  ^ 

*  Ad<lre8s  ddivered  at  tli«  BHtiih  Mijtllej*!  Affo^Tfttion  nt  Oxford^  Ansf  J*™* 
Dr.  Andrew  jluchntinn  giveii  reni?oni>  f«r  bidioving  thut  ih*^  foroo  fif  tUo  h**"*^*  \^ 
Vi^ntricle}  does  uoi  oatceed  4%^  fuat*tfiiii  in  llio  24  hours.  ScMa  L^ncot,  vqI  ti,  *^^' 
p,  t>ti5. 

*  Prof  Haii^htoa,  erilculntirig  the  amount  of  hant  producf*d  from  lb©  uroonnt  ^ 
Curhanw  Acid  grts  eUminiiied,  as  shown  in  Runke**  eat  peri  m<^rjts  c*tim»t<H  ilio  C^J* 
oritic?  work  nt  liv(*'Sixth*,  »nd  the  inlerniil  und  extcraul  iaeeb«ijic»l  wurk  «t  on*'*u** 
of  the  whole  amount  of  foree  generated. 
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that  under  such  circumstances,  either  little  mental  work  would  be  done,  or 
more  food  would  be  required.  Supposing  only  seven  miles  were  walked, 
118  foot-tons  of  force  would  be  recjuired,  leaving  236  foot-tons  available  for 
mental  work ;  but  it  must  be  remembered  that  both  mental  work  and  much 
of  the  internal  mechanical  work  are  again  expended  in  the  body.  A  part 
of  the  mechanical  force  exerted  by  the  heart  is  given  up  as  heat  from  ob- 
structed motion  in  the  capillaries,  and  will  be  included  in  the  heat  given  off 
from  the  body  ;  and  although  nothing  positive  can  be  stated  as  to  the  form 
taken  by  mental  work  and  nervous  action  generally,  it  is  highly  probable 
that  for  the  most  part  this  is  heat.  There  is  every  reason  to  believe  that, 
although  the  tissue  of  the  nerves  and  muscles  cannot  be  built  up  from  ali- 
mentary materials  destitute  of  nitrogen,  the  force  which  can  be  exerted  by 
those  tissues  proceeds  both  from  the  disintegration  and  oxidation  of  nitro- 
^nous  as  well  as  non-nitrogenous  substances.  At  any  rate,  it  has  been 
clearly  shown  by  Professor  Haughton  that  the  amount  of  urea  (501  grains) 
eliminated  af^er  severe  exercise  does  not  represent  the  oxidation  of  a  sufti- 
cient  amount  of  nitrogenous  material  to  account  for  the  work  done.  More- 
over, whilst  in  carnivorous  animals  the  force  must  proceed  from  the  oxida- 
tion of  nitrogenous  constituents,  since  they  can  be  nourished  upon  lean  flesh, 
in  herbivorous  animals — and,  as  Verloren  has  pointed  out,  in  mature  insects, 
as  bees  and  butterflies — it  seems  c(iually  evident  that  the  nervo-muscular 
force  is  generated  from  the  oxidation  of  farinaceous  compounds ;  and  an 
examination  of  the  excreta  gives  additional  testimony  to  the  same  effect. 
Thus,  Professor  Haughton  found  the  daily  elimination  of  urea  in  a  Bengal 
tiger  to  be  4375  grains,  whilst  in  a  sheep  it  was  only  256  grains.  It  has 
also  been  shown  by  the  same  observer  that  in  diabetes,  where  sugar  is  elimi- 
nated by  the  urine,  instead  of  undergoing  combustion  and  being  discharged 
from  the  body  in  the  form  of  carbonic  acid  and  water,  an  increased  quantity 
of  food  is  required,  which  is  accompanied  by  an  increased  discharge  of  urea, 
showing  that  the  nitrogenous  materials  arc  consumed  to  maintain  the  tem- 
perature and  to  furnish  the  force  required  for  work,  which  is  always  small. 
Heaton  suggests  that  the  whole,  or  nearly  the  whole,  of  the  force  of  the 
body  is  generated  in  the  blood,  and  that  Mayor  was  perfectly  right  in  saying 
that  the  muscle  produces  mechanical  effect  at  the  expen:*e  of  the  chemical 
action  occurring  in  it^  capillary  vessels.  It  is  probable,  however,  that  the 
oxidizing  processes  take  place  essentially  in  the  tissues  and  intertextural 
1iui(k 

ooO.  Of  the  mo<le  in  which  the  substitution  of  new  tissue  for  that  which 
bas  become  effete,  is  effected  in  the  process  of  Nutrition,  our  knowledge  is 
at  present  limited;  but  there  can  be  little  doubt  that  it  nearly  always  takes 
plaw  in  a  manner  closely  conformable  to  the  first  development  of  each  tissue. 
In  some  instances  there  is  an  obvious  replacement  of  the  old  and  dead  by  the 
young  and  active  elements:  this  is  the  case,  for  example,  in  the  constantly 
'^peateil  pro<luction  of  the  Epidermic  and  P]pithelial  layers;  for  whether 
they  are  develoixfd  from  germs  imbedded  in  the  subjacent  basement-mem- 
brane, or  from  nuclei  formed  de  novo  in  the  blastema  on  its  free  surface,  or 
"}'  the  duplicative  subdivision  of  pre-existing  cells,  there  is  a  continual  suc- 
J^i'jD  of  new  cells,  which  take  the  place  of  those  that  are  cast  off  as  d(^- 
'Unctaud  useless.  So  in  the  growth  of  Hair,  the  increase  of  which  takes 
place  only  at  its  base,  we  can  trace  at  any  period  the  same  development  of 
^^wly.fyrmed  spheroidal  cells  into  horny  fusifc>rm  fibres,  lus  that  which  oc- 
curred when  first  the  hair  began  to  sprout  from  the  aggregation  of  epidermic 
^Ikat  the  bottom  of  its  follicle.  So,  again,  in  the  vcs-icular  tissue  which 
institutes  the  essential  part  of  the  Nervous  centres,  there  are  appcaninces 
^hich  indicate  that  its  peculiar  cells  are  in  a  state  of  continual  development, 
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newly^formed  ganglionic  vemcles  taking  tlie  place  of  tliOs<?  wlii<*1»  Imire  utK  | 
dcrgone  dbintegrati<in*     But  there  are  other  textures,  whose  nutritmii  ui 
more  eorapletely  mfentifmi ;  their  elenienti*  beiug  more  elo&ely  coh^jn-ut,  aodi 
their  newIj*formed  portions  being  developed  throughout  the  ,«u!r**'   -   '' 
the  old,  instead  of  (aj  iu  the  ease  of  the  epidermis  and  its  appen<J 
perftdii  %  o  r  i  n  in  ere  con  ti  u  u  i  ty  wl  t  h  it.     Su  ch  is  th  e  c  i j?e,  fo  r  e  x  n  n  i  j  u  i  • , 
Musek%  the  mode  oi'  whose  nutritton  has  not  yet  been  elueidated.     W©  nw 
only  infer  from  analogy,  that  here  too  each  fibre  or  fibril  will  pii#3»,  in  llw 
coursie  *>f  iti^  development,  thri:»ugh  the  same  stuges  which  tht*^^  nf  the 
bryo  did  when  its  museJes  w*?re  Hr^t  formed.     And  this  analogy  srH^m*  tu  d^  I 
rive  support  from   the  presence,   in  all  weJI-nourisbed  muscle^s  f^f  bodisij 
which  bear  the  appearance  of  nuclei ;  for  tbe^,  m  Mr,  Paget  remarks,  * 
not  the  Jgitering  im|x>tent  remains  of  embryonic*  li?=sue,  but  gernii*  or  of\ 
of  power  for  new  lor  mat  ion,**    And  it  U  further  confirmatorv  of  tbi#  vim^ 
that  k^^G^  of  substance  of  muscle  which  involve  the  destruction  of  th« 
cent  re.*  of  nutrition,  are  not  replaced,  like  losses  of  cuticle,  by  new  li^m  o^ 
the  same  kind ;  the  power  to  form  it  not  being  inherent  in  the  blood  ^ 
the  neighboring  parts.     Nevertheless  it  must  be  adaiittcd  that  no  inter 
ate  stages  of  development  can  be  traced  in  the  fibres^  even  of  those  nm 
of  the  adult  which  are  in  most  constant  u&e,  and  of  which  I  be  nutrit' 
the  most  active,  that  are  at  all  comparable  to  those  which  ar^ 
the  muscular  tissues  of  the  embrj^o. — With  regard,  a^uin,  to  t[ 
nytritiou  of  Bones  and  Teeth,  we  have  no  certain  knowledge,     lliat 
movement  of  nutritive  fluid  is  continually  taking  place  through  theis^  ti 
made  a[)parent  by  the  effects  of  madder  in  gradually  tinging  even  the  boDCi 
and  teeth  of  the  adult,  though  for  su(*h  a  change  a  much  lon^r  fv^H^»d  if 
requirefl  in  the  adult  than  in  the  young  anima|;  how  far  th^  '"Df. 

however,  is  subservient  to  any  c€*ntinual  change  of  sulwitance,  -  i  liu? 

doubtful.  If  the  sup|>ly  of  blood  be  withdrawn  from  a  tooth  or  troni  a  boof, 
or  even  from  a  part  of  the  latter*  the  Htructurea  ihuB  cut  off  from  conBeclttin 
with  the  act  of  nutrition  soon  die,  become  detacbetl  thjm  the  H\i«g  nartt 
arfjund,  and  are  thrown  out  of  the  body.  Of  this  we  have  a  very  good  €i-  , 
ample  in  tlie  annual  exuviation  of  the  antlers  of  the  Deer,  which  b  fiarfiy  \ 
brought  about  by  the  choking  up  of  the  Haveraian  canals  tlmt  give  (laMii^ 
to  b I oi>d vessels,  with  concentric  osseous  deposit,  and  partly^  as  Loven.*  Kof' 
liker/  Morison;^  and  others  have  shown,  by  the  abi^orptive  [M>wer  of  |>e<niliAr, 
many-nucleated  giant  cells  {the  Myefoplaques  of  Robin,  and  Uies«t"n/.t'lleo  of 
Virchow),     Something  of  this  kind  seems  to  be  cuoiinuallv  i<<^  ■' 

ordinary  Bono,  upon  a  more  limited  scale;  individual  itav*  : 
bei  n  g  re  m  o  vod  by  a  bso  rp  ti  on ,  1  ea  v  i  n  g  spa  ces  te  rmet  l  t  ii  e  La  e  u  n ; « 
and  being  replaced  by  new  formations  of  the  same  kind,  pn 
its  wliole  life,  without  any  change  in  external  configuratiou,     - 
be  gathered  from  observation*  the  process  of  intersiitial  declici 
usually  takes  place  too  rapidly  for  it^  stages  to  be  [jerceptible,  and  is  t^mmt^ 
difitely  ioUuwvd,  in  the  normal  condition  of  the  pystem,  by  the  remorilrf 
the  eiiete  particles  J  so  that  it  is  only  when  thin  re\noval  is  from  any  cw 
obstructeti,  as  happens  in  the  cases  to  be  presently  cited,  that  we  iteeanyio' 
di  cat  ion  of  the  atage^  through  which  the  aisiutegrating  tissue^;  pass. 

351.  There  is  one  remarkable  form  of  degeneration,  however,  vihkh  ^ 
common  to  nearly  all  the  tissues,  and  which  seems  to  occur  a$  a  womiil 


1  Lov^n,  Wflfsburg  Phys.  Med,  V(»rb«nd.,  N.  F..  187$.  Iknd  4,  p.  I. 
<  Kill  I  ik^r,  idem,  p.  34,     See  the  Memoir  by  Me^frs.  TiifiiL-n  Miitt   IK*  Mt«rg«o,  On 
the  Struetum  Hnd  D(?velopment  of  Bone,  in  Pldlu4*  TmiiHiicti  1853^  p.  III. 
»  EdJn.  AleU.  Jaurn.,  VgL  1873. 
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alteration  in  many  of  them  at  an  advanced  period  of  life ;  this  consists  in  the 
conversion  of  their  albuminous  or  gelatinous  materials  into  fat,  thus  cou- 
etituting  whnt  is  known  as  fatty  degeHeration.  That  this  change  is  not  due 
to  the  removal  of  the  normal  components  of  the  tissues,  and  the  substitution 
of  newly-deposited  fatty  matter  in  their  place,  but  is  (in  most  cases  at  least) 
the  result  of  a  real  conversion  of  the  one  class  of  substances  into  the  other, 
may  now  bo  considered  as  well  ascertained.*  And  there  are  certain  facts 
which  indicate  that  this  kind  of  degeneration  is  a  part  of  the  regular  series 
of  processes,  by  which  tissues  that  have  served  their  purjKwe  in  the  economy 
are  prej>ared  for  being  removed  by  absorption ;  one  of  the  most  remarkable 
being  the  observations  of  Virchow^  and  Kilian'  with  regard  to  the  fatty 
degeneration  of  the  muscular  tissue  of  the  uterus  afler  parturition,  and  (|uite 
analogous  phenomena  are  observed  in  muscles  the  motor  nerves  of  which 
have  been  divided/  So,  as  Mr.  Paget  has  pointed  out,  the  fibrinous  and 
corpuscular  products  of  inflammation  are  oflen  brought  into  a  state  fit  for  ab- 
Borption,  by  passing  through  this  intermediate  stage ;  the  fibrinous  substances 
being  observed  to  be  dotted  by  granules  which  are  recognized  as  oil-parti- 
cles by  their  |)eculiar  shining  black-edged  appearance,  and  at  the  same  time 
losing  its  toughness  and  elasticity,  and  being  no  longer  rendered  transparent 
bv  acetic  acid;  whilst  the  lympli-cells  present  a  similar  increase  of  shining 
black-edged  particles  like  minute  oil-dro]>s,  which  accumulate  until  they 
nearly  fill  the  cell-cavity,  their  nuclei  at  the  same  time  gradually  fading  and 
disappearing.^  Thus,  then,  if  the  fat,  which  is  one  of  the  products  of  this 
retrograde  metamorphosis,  be  absorl>ed  as  fast  as  it  is  formeil,  and  the  effete 
tissue  be  replaced  by  a  new  production  (as  seems  to  be  the  case  with  Mus- 
cles in  a  state  of  healthy  activity),  there  is  no  appearance  of  degeneration, 
and  the  nutrition  is  kept  up  to  its  normal  standard.  So  if,  from  the  advance 
of  age,  or  from  the  insufficient  exercise  of  the  muscles,  their  nutrition  take 
place  less  rapidly  than  their  waste,  whilst  the  products  of  their  degeneration 
are  still  removed,  simple  atrophy  is  the  result.  If,  on  the  other  hand,  the 
general  conditions  being  similar,  the  fat  produced  in  degeneration  l)c  not 
absorbeil.  but  remain  in  the  tissue,  an  obvious  *' fatty  degeneration"  is  the 
result.  This  seems  most  likely  to  happen  either  (1)  when  the  fat  is  thus 
produced  in  such  excessive  amount,  that  the  ordinary  rate  of  its  absorption 
(corresponding  with  that  of  its  elimination  by  the  combustive  process)  does 
not  provide  for  its  removal ;  which  will  occur  when  a  large  amount  of  tissue 
is  undergoing  degeneration  at  once,  as  in  the  case  of  the  uterus  after  partu- 
rition ;  or  ( 2)  when  the  blood,  being  already  highly  charged  with  respiratory 
material,  is  indisiK)sed  to  receive  an  additional  amount  of  fat ;  and  it  is 
probably  in  part  from  this  cause,  that  the  habitual  presence  of  Alcohol  in 
the  blorxi  strongly  predisposes  to  fatty  degeneration,  as  is  ])roved  by  the  very 
large  proportion  of  intemperate  individuals  among  the  subjects  of  the  more 


•  For  iin  excellent  Recount  of  tho  wholo  subject  of  Fatty  Defeneration,  se»i  Dr. 
Handtield  Jimoa's  Articles  in  the  Brit,  and  For.  Med.-Chir.  Rev.,  vol.  xi,p.  ;H*27,  and 
vol.  xii,  p.  30.  In  this  country,  a  sub-^tuntial  description  of  the  importance  of  tho 
fully  deg»*iier«tion9  was  given,  upwards  of  a  quarter  of  a  century  a^o,  hy  Gulliver 
iTriirs.  M«'d.-CMiir.  Soc,  1843,  vol.  xxvi,  and  Edin,  Med.  and  tSurg.  Journ.,  July, 
1843,  p.  ISHi,  who  thus  early  j)roved  that  thesi*  deirenerations  are  a  most  frequent 
CAUi^  of  the  decay  of  the  tissues,  espet-inlly  of  an«*urism  of  the  arteries,  and  of  that 
Fpontaneous  bursting  of  their  small  branches,  which  is  the  proximate  cause  of  tho 
most  frequent  form  of  apoplexy  in  the  brain. 

'  Verhundlungen  dor  GeselUchaft  far  Geburtshiilfe,  Berlin,  vol.  iii,  p.  17. 

•  Henle  and  Pfeuffer'8  Zeitschrift,  vol.  ix,  j).  1. 

•  S*:e  Erb,  Centralblatt,  1808,  p.  115;  Bizzozero  and  Golgi,  Strieker's  JahrbUcher, 
1»73,  p.  125. 

'  See  Mr.  Paget's  Lectures  on  Surgical  Pathology,  vol.  i,  p.  374. 
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a^gravftteii  forms  of  thh  tlisord^r.  For  the  special  aptitu4^  ftirj 
buative  proiH^ss  which  is  L^haract eristic  of  Alcohol,  may  give  it  tu  * 
ereiice  ii)  this  opemtioii  over  the  ordinary  conibuslire  matertalp  ibat 
converKtim  uf  the  latter  by  oKiitatioti  into  carbonic  acid  and  wnier  t»  ^«1*1 
back,  so  lonj?  as  Alcohol  is  present;  and  thus  the  blood  of  druiikarflt  1*^1 
comes  so  highly  charged  with  fat,  that  it  might  be  itjielf  considered  to  be  in  ] 
a  state  of  fatty  degeneration,*  This  distinct  eYideat^e  of  the  ttpi*fmtif>«t  of| 
Alcohol  habiuially  received  into  the  blood  in  large  qnanlitic!^^  alFor 
obvious  indication  that  ibe  hahitnal  consumption  of  even  a  much 
amonnt  will  tend  to  produce  fatty  degeneration  at  more  remot' 
in  a  less  aggravated  degree;  and  the  participation  which  this  > 
shown  to  have  in  the  prod  net  ion  of  a  large  propiirtion  of  tht;  iJit** 

Old  Age, — especially  hy  the  changes  it  induces  in  the  texture  of  the    

and  of  the  walls  u£  the  blood vesssels  (which  are  particularly  Uablct  to  ilX* 
fully  bears  out  this  idea, 

3p^2:  It  may  be  slated  ai  a  general  rule^  that  no  absorption  of  cb«*  mili^l 
rials  of  ti:?*ues  can  take  place,  without  a  previous  degeneratiou  pwrb  a*  tkiiv' 
or  a  more  csmiplete  decomposition.     There  is  no  evidenee  that  »iiy  heukkn 
tissue  is  ever  tbns  aijsorbed,  or  that  any  preternatural  activity  of  the  ab«nri»* 
ent  veisels  can  ever  (as  fbrmerljr  suppiiwed)  be  the  oeamon  of  a  lo^  of  «ub- 
Btftoce ;  m  fact,  so  long  a^  the  vital  force  m  in  active  ofieraiion  in  a  pun,  aod 
its  processes  of  growth  and  development  are  being  normally  carried  on,  such 
absorption  maybe  coimdered  to  be  impossible.     On  th«?  other  band,  tf  • 
|mrt  die  ^fx  masse^  it  is  uot  removed  by  absorption,  but  becomes  iMthmted  fcr 
the  separation  and  ret^deuce  of  the  iiving  part^,  and  is  theu  cast  oatiil- 
togetber,  even  from  the  interior  of  the  body,  as  we  stT  in  the  ea!»e  ^f  %  ?»**. 
eroded  bone;  its  condition  being  theu  essentially  the  same  as  th 
outer  layers  of  the  tegunientary  organs,  which  are  cut  off,  by  tbeii 
from  a  vascular  surface^  from  all  further  nutrient  change.     The 
between  these  two  modes  of  removal  is  well  seen  (as  Mr.  Paget  ha&  ft 
iu  the  case  of  the  Teeth ;  for  the  fangs  of  the  deciduous  teeth  undpf^i  fit- 
generation,  when  the  current  of  nutrition  is  diverted  towanls  ibo*e  i*1»k*Ii 
are  to  succeed  them,  their  materials  being  slftwly  decomposed,  so  as  to  bt- 
come  soluble^  aud  being  gradually  i-emoved  by  absorption,  «**  that  nolhiug 
is  left  at  last  but  the  crowns  of  the  teeth;  on  the  other  hand,  the  |»eriDaofut 
teeth,  which  are  not  to  be  succeeded  by  others,  wbeu  no  longer  rweivb^ 
their  due  nutrition,  die,  and  are  cast  oui  entire* 

353,  Among  tiie  conditions  of  healthy  Kutriiion,  a  due  suppiv  of  »rvi»«* 
ptjwer  is  commonly  enumerated ;  and  it  cannot  bt*  questiontHJ  that  iht*  flr»itt 
of  such  a  Jiupply  is  frequently  the  eouree  of  a  perversion  of  the  uoniml  op*^ 
ations.  This,  however,  by  no  means  proves  tlvat  the  forniative  jK^^^^r  U<J*- 
rived  fnnii  the  nervous  system ;  and  such  an  idea  is  at  onct;  t\> 
number  of  i  u  con  test  ab  1  e  fa  c  ts.  Yet  i  t  may  be  free  I  y  ad  1 1 1  i  t  tc*!  i 
direction  and  aptilication  of  this  power  in  nutrition,  may  somciuma  ticfJiW 
upon  guidance  aud  direction  afforded  by  the  KervoUi*  ctutre^,  in  the  mm^ 
manner  as  the  Secreting  process  is  capable  of  being  thus  aflecf^ed ;  in  l4<^' 
we  can  scarcely  explain  in  any  other  mode  that  influence  of  mrnta!  ftat" 
upon  the  nutrient  operations,  wnich  frequently  leads  to  very  impi*rlaut  nwfli- 

1  Tli«  qunnttiy  ot  fnt  in  th&  Mixhj  of  drunkHrdft  has  been  foun^  in  ann^  rr*e«^^ 
•i  nii((!h  nf  IL7  piirts  in  lOOO  (  L«:*ciitiu),  tdo  hii;li<«t  eMfmftto  uf  iJici  (juiifiLJt?  m  KmH^ 
lj*?injf  8  n5  (mrts.  ScUnrUm  Ijji*  found  m  much  ri  30  p^v  cent,  mvre  r«ft>on  io  ^ 
blnod  of  «  drunkHrd  ih»n  in  thnt  tif  a  hiittUhy  mant^Sw  Df,  Hum*'*  triffitbn  on  At^^ 
ht»iisinu»  Cbrtinicuf,  KokitMnakj'^  UHudtiuch  dt^r  allgomdneti  piiil)ologi«difln  Ai»^ 
0ID16,  Bd.  U\  Hiid  Brit,  aiid  For.  Med.-Chir.  He  v.,  toL  Jiii,  jip.  3lf,  SI. 
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ficatiniis  of  them. — ^The  whole  of  this  subject,  however,  will  be  more  appro- 
priately considered  hereafter  (chap,  xvii).^ 

3.  Varying  Activity  of  the  Nutritive  Processes. — Reparative  Operations, 

354.  Without  any  change  in  the  character  of  the  Nutritive  processes,  there 
may  be  considerable  variations  in  their  degree  of  activity;  and  this,  as  re- 
gains either  the  entire  organism,  or  individual  partSf  though  most  commonly 
the  latter.  These  variations  may  be  go  considerable  as  to  constitute  Disease; 
though  there  are  some  which  take  place  as  part  of  the  regular  series  of 
Physiological  phenomena.  Thus,  as  we  have  seen,  it  is  to  the  excess  of 
formative  activity,  that  the  increase  of  the  organism  in  the  earlier  period  of 
life  18  due,  its  "waste"  being  at  the  same  time  extremely  rapid ;  whilst  it  is 
to  a  corresponding  reduction  in  the  regenerative  nower,  and  not  to  positive 
excess  of  "  wa#te"  or  decay  (this,  indeed,  taking  place  very  slowly),  that  the 
gradual  decline  of  the  organism  in  advancing  years  is  to  be  attrilmtcd.  So 
also  we  find  that  local  as  well  as  general  variations  may  take  place,  as  a 
part  of  the  regular  series  of  vital  phenomena;  and  this  during  the  period  of 
adult  life,  as  well  as  in  the  earlier  and  later  epoc^hs.  Thus  all  those  differ- 
ences in  the  proportional  development  of  the  several  parts  of  the  organism, 
which  mark  the  distinction  between  the  adult  and  the  child,  even  where  (as 
Id  the  case  of  a  dwarf)  there  is  no  difference  in  stature,  result  from  a  decline 
in  the  formative  capacity  of  those  which  are  peculiarly  adapted  to  the  wants 
of  the  earlier  stage  (the  Thymus  Gland,  for  example;,  and  from  an  increased 
activity  of  nutrition  in  those  which  are  destined  to  the  use  of  the  adult,  the 
Generative  organs  more  particularly.  And  the  intermittent  activity  of  the 
sexual  apparatus  of  the  female  affords  a  remarkable  example  of  the  same 
principle ;  this  being  marked,  not  merely  in  the  enormous  development  of 
the  uterus  and  mammary  glands  as  a  consequence  of  conception,  but  in  the 
periodical  change  which  takes  place  in  the  ovaries,  whereby  the  ova  are  ma- 
tured and  thrown  oft* at  certain  regular  intervals.  The  decline  in  the  forma- 
tive power  of  these  same  organs,  moreover,  when  as  yet  the  organism  in 
general  shows  but  little  indication  of  deterioration,  is  another  characteristic 
example  of  the  variation  in  Nutritive  activity  resulting  from  tlie  inherent 
endowments  of  the  part,  and  essentially  irrespective  of  the  condition  of  the 
blood,  of  the  circulation,  and  of  the  organis^m  as  a  whole;  although,  as 
formerly  shown  (§  219),  the  production  and  maintenance  of  other  and  ap- 
parently unconnected  organs  are  comphnnentally  dependent  u{)on  the  forma- 
tive activity  of  the  Generative  apparatus. 

3o5.  The  abnormal  excess  of  Nutritive  change  which  properly  constitutes 
Hypertrophy,  appears  to  depend  upon  a  departure  from  one  or  other  of  the 
conditi(»ns,  under  which,  as  already  specified,  the  change  normally  takas 
place — namely,  the  right  composition  of  the  blood,  a  due  >rupi>ly  of  such 
Wood,  and  a  proper  formative  capacity  in  the  blood  itself. — Of  the  excess  of 
nutrition  resulting  from  the  presence  of  an  excess  of  the  T)eculiar  materials 
of  certain  tissues  in  the  circulating  fluid,  examples  have  already  been  given 
(5  380; ;  it  is  important  to  remark,  however,  that  although  hypertrophy  may 
»*  thus  induced  in  any  of  the  tissues  which  constitute  the  instruments  of 
^^gfinic  life,  yet  there  is  no  evidence  that  either  the  Nervous  or  the  Muscular 
apparatus  can  be  forced  (so  to  speak)  to  an  augmentation  in  bulk,  by  the 


^^  In  tlio  treatment  of  this  subject,  tho  Aullior  ha.'»  made  use  uf  many  valuable 
aluAtraiiuns  contained  in  the  first  three  of  Air.  Pallet's  Lectures  on  Surgical  Pathol- 
^;  the  genera]  doctrines,  however,  being  such  as  he  had  himgelf  expressed  on  many 
previous  occasions. 
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mere  abundance  of  their  uiuritive  nmtenals, — With  regiiH,  m  tbt 
place,  to  the  supply  of  blood,  there  cau  be  no  doubt  that  it»  f^oeml  ai 
creased  f\im  of  blood  towards  a  part  i*  cou^queut  upon,  rather  than  a  cau*<e 
of*  an  excels  in  iu  nutritive  activity;  hut  still  there  are  eases  in  which  its 
causative  agency  may  be  traced.  Various  examples  of  this  have  been  «op- 
plied  by  the  experiments  and  observatitms  of  John  Hunler,  the  rf---^^^  ' 
which  arc  left  m  his  Mu^um.  Thus  if  the  spur  of  a  cock  be  trs* 
from  the  leg  to  the  comb,  which  is  a  part  far  more  vascular  thaii  uim  ^if; 
which  it  was  originally  counected^  it  uiidcrgi>es  an  extraordinary  augmeati< 
tioa  in  size;  having  in  one  instance  grown  in  a  spiral  fonu,  unclt  it  wm^ 
inches  long  ;  and  iu  another  curved  forwardi*  and  downwards  like  a  liom* 
§0  that  it^end  needed  tu  be  often  cut,  to  enable  the  hinJ  to  bring  lis  ticak 
to  the  ground  in  feeding.  So,  agaiBt  it  wass  reumrkeij  by  Hu titer,  and  hu 
been  frequently  observed  since,  that  an  increased  groivth  of  hair  ufl^tn  taka 
place  on  surfaces^  to  whidi  there  is  an  increased  deu^rnniiaHou  of  bhn>d  a^a 
conset|ueuce  of  inrtammatiou  in  i^ome  neighboring  part,  though  not  fmra  ih 
Burface  of  the  iuilarued  purl  it-^lt  So  it  sometiuje*  happen^,  that  whe 
ulcer  of  tlie  lutegumentg  of  llie  leg  hm  long  existed  in  a  young  per 
subjacent  hone  may  ahare  in  the  iaerea^^ed  aftiux  of  blood,  and  loajr  tn 
and  elongate.  And  it  eeems  not  impruhable  that  we  are  lu  attribute  tE 
Increased  thickness  of  the  cniiele,  on  pnrts  which  are  es|VMed  to  cotitmuJ 
pre^ure  or  friction,  to  the  augmented  afflux  of  blood  which  k  dett^aiined  | 
to  the  irritated  surikce.* 

356.  The  greater  number  of  eases  of  hypertrophy,  howeirer.  most  undiaibt- 
edlv  be  referred  to  the  pretermit und  formative  capacity  .       ' 
an  d  th  is  m  ay  ei  t  h  er  be  uo  n  ge  u  *  t  a  1  o  r  acq  u  i  rec  L     O  f  th  i^  e».'  [  i . 
have  a  remarkable  example  in  the  abnormal  growth  of  an  tuiirc  Ji 
fingers  or  toes/  which  cannot  with  any  probability  be  referred!  t«t  a- 
excess  in  the  supply  of  blood,  the  enlargement  of  the  arteries  h  ;. 
such  parl5  being  almost  certainly  consequent  upjn  their  um 
growth^  just  as  in  the  ease  of  the  uterine  and  mammary  arteries  iii 
nant  female*    The  most  remarkable  instances  of  the  acquirement  nt ; 
formative  activity,  are  presenteil  to  us  in  that  augmented  growth  ot  tiv*  j 
nervous  and  muscular  tissues,  which  is  consequent  upon  the  exert?isie  of  iht'ir  i 
functional  powers.     This  may  be  considered  as,  to  a  certain  extent,  a  ijoroiil 
adjustment  of  the  supply  to  the  dejnand ;  but  there  are  some  in^nuiet*  w 
which  it  takes  place  to  such  an  extent  as  to  become  a  positive  di>eii^.  Thu» 
it  not  nntrequently  happens  that  if  young  persons  who  naturally  i^him  pi^ 
cocity  of  intellect,  are  ericou  raged  rather  than  checked  in  \h^  u»e  of  il*c 
brain,  the  increased  nutriticm  of  the  organ  (which  grow^*  fabler  than  it#  boot 
case)  occasions  pressure  upcm  its  vessels,  it  bcK?omes  indu ruled  and  inaotint 
and  fuinity  anrl  coma  may  supervene.     Now  although  in  m*:h  i-as*^  tlifw 
may  probably  have  been  some  congenital  tendency  to  pretermitnml  n^'fifilf 
of  the  brain,  whit*li  nmnifested  itaelf  in  the  precocit)'^  of  intt^lle^'  '^  » 

no  doubt  that  ibis  may  be  augmented  by  the  "  forcing  system  ''  -  ■  »» 

wlilUt  on  the  other  hand,  it  may  l^e  ixintroUeti  hy  a  system  cjf  umirngt'iHcttt 
adapted  to  the  peculiar  uircniustanees  of  the  C4tj*e.  Exctss  of  mu*cutar<t^ 
velopmeut  la  peeuliaHy  prone  to  show  itself  in  the  Involuntary  mim'lts,  ^^^ 

'  It  U  commrtidy  fniil  thftt  Unml  Hy|H'rtr*jphy  miiy  he*  imliiciHi  hy  J«»(ig-fainn«ii»l 
Cmis^e^tion  ;  tn*l  this  is  not  init}  liypt'rtro|»iiy ;  tor  flu*  bulk  i»f  tin'  «irsfwn  I*  nalti^- 
aienW  by  the  jncrewiod  produtUon  of  its  ni*rmiil  ii**n'\  bat  by  ttit*  jidUiiittn  %t(vmftf 
ofnti  Uiit^rUtv  lypG  ororgMnlaaii*>n,  as  in  liiriiiuoiHiHou, 

"  A  CMPo  of  b,vjii«rlr*»phy  «>f  iin  enLiru  linib  wm  dc^iTibc^d  by  Dr.  pjf  '■  if»* 

Edirik  Bl(jnibly  J**urn.,  Hi^,  [\  198 j  nnd  seve^ml  tMisfs  of  iiyjrprtn-f  ^' 

gur*  wered^^cHbtfd  by  Mr,  UuHing  in  Uie  M4.-d.-Cliir,  Trtms.|\x*l,  xxmw 
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this  production  is  in  almost  every  instance  the  result  of  the  demand  for  in- 
creased muscular  exertion  which  is  consequent  upon  some  obstruction  to  the 
osual  function  of  the  part.  Thus  an  extraordinary  hypertrophy  of  the  mus- 
cular coat  of  the  urinary  bladder  is  often  seen  as  a  consequence  of  obstruc- 
tion to  the  exit  of  the  urine,  through  the  presence  of  a  stone  in  the  bladder 
Dr  of  a  stricture  in  the  urethra ;  so  again  hypertrophy  of  the  muscular  coat 
of  the  gall-bladder  may  take  place  as  a  consequence  of  obstruction  of  its 
tloct  by  a  gallstone ;  hypertrophy  of  the  muscular  coat  of  any  part  of  the 
Uimentary  canal  may  be  induced  by  the  existence  of  stricture  lower  down ; 
uid  even  hypertrophy  of  the  heart  is  generally,  if  not  always,  attributable 
to  obstruction  to  the  exit  of  the  blood  which  it  propels,  resulting  either 
bom  stagnation  of  the  pulmonary  circulation  by  the  deficient  aeration  con- 
lequent  upon  disease  of  the  lungs  (in  which  case  the  hypertrophy  is  limited 
to  the  right  side  of  the  heart),  or  from  thickening  or  induration  of  the  semi- 
lunar valves,  or  from  narrowing  of  the  orifices  of  the  aorta  and  pulmonary 
irtcry.  It  is  curious,  moreover,  to  observe,  that  hypertrophy  of  muscles 
frequently  becomes  a  source  of  increased  nutrition  of  the  bones  to  which 
bbey  are  attached ;  this  being  manifested  not  merely  in  the  augmented  bulk 
nf  the  bones  of  limbs  that  are  specially  exercised,  but  also  in  the  increased 

Kiroinence  in  the  ridges  and  processes  to  which  the  muscles  are  attached. 
b  adaptiveness  on  the  part  of  the  formative  activity  of  the  osseous  tissue, 
ifl  curiously  manifested  also  in  the  relation  of  the  skull  to  the  brain  ;  for  if 
the  bulk  of  the  brain  be  not  too  rapidly  augmented,  the  skull  will  enlarge 
iccordiugly,  and  this  (in  some  instances)  not  merely  by  the  extension  of  its 
Dormal  bones,  but  by  the  intercalation  of  new  osseous  elements,  the  "  ossa 
irorniiana ;"  whilst,  on  the  other  hand,  if  there  be  a  diminution  in  the  bulk 
Df  the  brain,  the  cranium  may  adapt  itself  to  this  also,  by  a  thickening  on 
its  internal  surface  (or  concentric  hypertrophy), — this  change,  rather  than  a 
diminution  in  the  entire  substance  of  the  skull,  being  more  liable  to  take 
place  in  cases  in  which  the  cranial  sutures  have  already  closed,  and  the 
nutrition  of  the  bone  has  become  inactive. 

357.  The  production  of  Tumors  must  be  considered  as  a  manifestation  of 
an  excess  of  formative  activity  in  individual  parts,  and  as  constituting, 
therefore,  a  species  of  Hypertrophy.  For  a  tumor  may  be  composed  of  the 
tissues  which  are  normal  to  the  part ;  as  we  see  especially  in  the  case  of 
those  tumors  of  the  uterus,  which  are  made  up  of  an  excess  of  its  ordinary 
muscular  and  fibrous  elements.  But,  as  Mr.  Paget  has;  justly  remarked, 
•*an  e&^ntial  difference  lies  in  this:  the  uterus  (often  itself  hypertrophied) 
in  its  growth  around  the  tumor  maintains  a  normal  type,  though  excited  to 
its  growth,  if  we  may  so  speak,  by  an  abnormal  stimulus;  it  exactly  imi- 
tates, in  vascularity  and  muscular  development,  the  pregnant  uterus,  and 
may  even  acquire  the  like  power;  and  at  length,  by  contractions  like  those 
of  parturition,  may  expel  the  tumor  spontaneously  separated.  But  the 
tumor  imitates  in  its  growth  no  natural  shape  or  construction ;  the  longer  it 
continues,  the  greater  is  its  deformity.  Neither  may  we  overlook  the  con- 
trast in  respect  of  purpose,  or  adaptation  to  the  general  welfare  of  the  body, 
which  is  as  manifest  in  the  increase  of  the  uterus  as  it  is  improbable  in  that 
of  the  tumor."*  A  gradation  is  established,  however,  between  true  Hyper- 
trophies and  Tumors,  by  those  productions  of  glandular  tissues,  which  are 
made  up  of  the  proper  substance  of  the  gland  with  which  they  are  con- 
nected, as  the  mammary,  the  prostate,  or  the  thyroid,  and  which  (though 


'  See  his  Lectures  on  Surgical  Pathology,  vol.  ii,  p.  2;  also  Dr.  Handfield  Jones 
in  Brit,  and  For.  Med.-Chir.  Rev.,  vol.  xiii,  p.  330;  and  Dr.  Bristowo  in  Trans,  of 
Pathol.  Soc.,  vol.  iv,  p.  218. 
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frequenilj^  encYsted)  are  BOinetime.^  inet  with  as  ontlyinj*^  p>rtiofi«  ot  tU 
gluud  itself. —  There  is  another  elas*  of  objects,  to  which  TiifrHirn  come  infti 
ehiise  relation,  and  which  must  be  referred,  like  thern^  to  ii  lpr4il  e%cf9«  (4i 
forniative  activity;  the&e  are  the  **  supernumerary  parts  ''  whic/h  arc  not  tw*] 
frequently  developed  during  tfi^tal  life,  an  for  example,  add  it  iomi  I  fingt-nf 
toe:^.  It  seems  absurd  to  refer  these,  for  rued  a^  they  are  by  simple  outgp.wik 
from  the  limbs  to  whieh  they  are  attached^  to  the  *' fusion  of  germ?**  whick 
hftii  been  hypotlietically  in%*oki*d  to  explain  more  important  exc 
those  of  additional  limbs,  double  bodies,  or  double  head?^ :  and  yet  fi  _ 
lower  to  the  higher  form  of  i*xces^,  the  transition  h  m  gradual,  that  what 
true  of  the  former  can  scarcely  but  be  true  of  the  latter,  Hcnrc 
plete" double  monsters"  must  l>e  regurded,  not  as  having  pj 
two  ^epa ra te  ge rui :^  w h i c h  h a ve  beco m e  pa rt ia  1  ly  u n i ted  in  I h e  *: 
devclopmeut,  hut  from  a  suigle  germ,  which,  bdng  p4>j^^5^?d  ot  an  uaiiffiial 
formative  capacity,  has  evolved  Itself  into  a  structure  containing  more  than, 
the  usual  number  of  paris,  and  comparahle  to  that  Vfhich  may  be  artificiillf 
produced  by  partial  Hssion  of  the  bodies  of  many  of  the  lower  auimafs.' 

:VjS,  We'  can  scarcely  fail  to  recogid^e,  throughout  ihis  whole  f^rm  of 
abnormal  produetious,  the  operation  of  a  similar  power.     In  the  fonnatr<in 
of  a  supernumerary  part,  this  has  been  sufficient  not  niei-ely  to  pr<>dueetlt» 
tissues^  and  to  develojn  them  according  to  a  regular  morphological  typt\  but 
to  impart  to  the  fabric  thus  generated  a  separate  and  eveu  an  tudej»eDflent 
existence ;  thus  involving  an  additional  finger  or  thumb  on  ea^b  haiiil,  ft 
double  pair  of  arms  or  legs,  a  double  bead  or  trunk,  or  even  a  t\>(ijpi*?tr 
double  body.     In  the  hypertrophy  of  a  regular  or  normal  part,  the  ii^w 
tisisuea  are  still  de\^e loped  according  to  a  regular  morpboh>f;ical  type;  but 
they  have  not  the  power  of  individualizing  themselves  (ho  tt*  speak),  aM 
are  <o  incorporated  with  the  normal  elements  as  to  augment  the  she  of  ih^ 
existing  organ.     In  the  formation  of  a  tumor,  ou  the  other  hand,  whibt  it* 
component  tissues  are  themselves  perfectly  formed,  and  have  a  mnrkefi  pwcr 
of  independent  growth,  the  mass  composed  of  them  is  altogether  aniornbouit 
its  configuration  being  usually  determined  rather  by  the  pjiywical  cf^nilitiom 
under  which  it  is  produced,  than  by  any  peculiar  tendencies  of  lu  own:  ^ 
that  we  recognize  the  action  of  the  formative  jxmer^  undireete^i  hy  th«t 
morphologit-al  ninm,  which  nornuilly  models  (m  to  ^jrnik)  the  gniwiug  rw- 
sues  into  the  likeness  of  the  organ  to  which  they  belong.     But  fdrtherja 
many  of  the  large  class  of  tumora  distinguished  as  *'  tnalignunt,''  the  deveKjp- 
ment  of  tisi^ue  has  not  gone  to  the  extent  of  pnMlueiug  any  of  ihot*^  wptda 
of  which  the  body  is  normally  constituted  ;  and  in  thi»  res|M*ct,  as  well  witi 
their  tendency  to  rapid  degeneration,  the  vital  eudowments  of  thetr  eleiueDti 
must  be  reckoned  as  below  those  of  the  normal  tissues*, — It  is  not  alwiva  c**y 
to  draw  the  line  between  certain  tumors  and  supernumerary  parts,  »*sj>etially 
when  the  production  of  the  former  i;^  symmetrical ;  hut  the  first  ap|>edro»rt 
of  the  latter  never  takej*  place  save  during  embryouic  life,  and  their  strwi'- 
ture  is  more  complex,  and  is  more  conlbrmed  to  the  plan  and  constnictioo 
of  the  body  at  large,  than  is  that  of  tumof:^,  whose  production  tuay  tab 
place  at  any  period  of  life.    And  between  those  tumors  which  are  known** 
'*piliferous"  and  **ilentigerous  cysts,**  and  those  encysteil  embryos  (u*u*lly 
incomplete  in  their  formation )  which  are  sometimes  found  in  the  bo<Jiei€^!i 
of  males,  it  is  impossible  to  establish  any  line  of  demarcation  sufficieotlf 
precisCj  to  prevent  our  recognizing  them  as  all  hmving  the  same  orifis,  wxA 


1  See  Trine,  of  Ct/mp.  Phy?.,  J  475,  Prof.  Yrolik  la  Cyclop,  of  Anftl.  &iid  Ffcf*» 
irl*  Tertttology,  vol.  iv,  p.  dH;  and  Prof.  AUpn  Thomsoia  on  Double  MoiiitNU^yi 
la  £dinb.  Haatbly  Jourmib  June  Had  July,  li44. 
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>eiDg  expressions  of  the  same  power, — the  simple  cyst  being  a  kind  of  rude 
Utempt  at  the  production  of  a  distinct  individual, — and  the  encysted  em- 
bryo being  but  the  result  of  an  unusually  high  development  of  a  proliferous 
jyet. 

369.  The  state  of  Atrophy  is  in  all  respects  the  very  opposite  of  that  of 
Hypertrophy ;  consisting  in  such  a  reduction  in  the  rate  of  formative  ac- 
;ivity  of  the  parts,  as  compared  with  that  of  their  "  waste,"  that  their  nutri- 
Jon  is  no  longer  maintained  at  its  previous  standard  ;  so  that  they  are  gradu- 
lUv  reduced  in  bulk,  or  degenerate  into  some  inferior  histological  type,  or 
[which  is  more  common)  undergo  both  diminution  and  deterioration  at  the 
laroe  time.  It  is  important  to  bear  in  mind,  that  Atrophy  may  take  place, 
dtber  locally  or  generally,  from  an  unusualljr  rapid  disintegration  of  the 
tisBoeSy  uncompensated  by  a  corresponding  increase  in  the  rate  of  their 
aatritioD :  of  such  local  atrophy,  we  have  a  characteristic  example  in  the 
rapid  reduction  of  the  bulk  of  the  uterus  after  parturition,  and  of  the  mam- 
aiarv  glands  after  the  sudden  cessation  of  lactation ;  of  the  general,  we  see 
ID  illustration  in  that  rapid  wasting  of  the  system,  which  takes  place  in  the 
Irritable  state  that  results  from  excessive  and  prolonged  exertion  of  body  or 
inziety  of  mind,  especially  when  accompanied  with  want  of  sleep,  the  in- 
creased disintegration  being  marked  by  the  presence  of  an  unusual  amount 
3f  urea  and  of  the  alkaline  phosphates  in  the  urine.  But  in  the  ordinary 
forms  of  Atrophy,  there  is  not  merely  a  relative  but  an  ahsohde  reduction  in 
the  rate  of  the  formative  process,  or  a  lowering  of  its  standard  of  perfection ; 
and  here  also  we  have  to  look  for  its  causes,  on  the  one  hand,  in  the  condi- 
tion and  supply  of  the  blood,  and  on  the  other,  in  the  formative  capacity  of 
the  tissues  themselves. — The  Atrophy  dependent  upon  an  insuflScieut  supply 
af  nutritive  materials,  may  be  either  general  or  partial.  General  atrophy, 
Oft  emaciation,  is  a  necessary  result  'of  deficiency  of  food  ;  but  it  may  also 
proceed  from  an  imperfect  performance  of  the  assimilating  processes,  whereby 
the  nutritive  materials  do  not  receive  their  requisite  elaboration,  as  in  cases 
of  disease  of  the  mesenteric  glands ;  or  from  an  unusual  energy  of  the  meta- 
morphic  processes,  whereby  the  azotized  constituents  of  the  food  are  decom- 
posed into  excrementitious  products,  without  undergoing  assimilation  at  all, 
as  seems  to  be  the  case  in  diabetes.  Of  the  atrophy  of  a  particular  tissue, 
consequent  upon  the  deficiency  of  its  proper  materials  in  the  blood,  we  have 
an  example  in  the  reduction  of  the  adipose,  when  there  is  no  surplus  of 
fatty  matter  to  serve  for  its  nutrition,  but  on  the  other  hand,  a  withdrawal 
of  the  contents  of  the  fat-cells  into  the  circulating  current,  whilst  the  nutri- 
tion of  the  muscular  and  other  azotized  tis.sues  may  proceed  with  its  usual 
vigor. — Instances  of  complete  local  atrophy,  or  gangrene,  resulting  from 
deficiency  in  the  supply  of  blood  to  a  part,  are  by  no  means  unfreciuent ; 
but  it  is  less  common  to  meet  with  a  prolonged  diminution  in  the  rate  of 
nutrition  from  such  a  cause,  since  a  partial  obstruction  to  the  circulation  is 
usually  removed  after  a  short  time  by  the  enlargement  of  the  collateral 
vessels.  Yet  there  are  peculiar  circumstances  under  which  this  does  not 
take  place;  thus  Mr.  Curling  has  shown  that  atrophy  may  occur  in  that 
portion  of  a  fractured  bone  which  is  cut  off  from  the  direct  supply  of  blood 
through  the  great  medullary  artery  ;  the  circulation  being  restored  by  anas- 
tomosis to  such  an  extent  as  to  prevent  the  death  of  the  bone,  but  not  so 
completely  as  to  support  vigorous  nutrition.^ 

360.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  deficiency 
of  formative  power  in  the  tissues  themselves,  arising  from  the  decline  of 
that  capacity  which  they  inherit  from  the  germ.     This  decline,  as  already 

^  Medico-Chirurgical  Transactions,  vol.  xx. 
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shown,  ink^B  place  in  the  bcnly  at  large,  as  a  part  of  the 
things  with  the  advance  of  years»  atid  also  normally  occurs  io 
organs  at  earlier  penoclii  of  life;  Lut  it  Kuneumes  tak^  place  pmastudj; 
either  in  the  body  at  large,  or  in  particular  orgauft,  so  that  lliej  nodefgo  § 
waiting  or  degeneration  wiihout  any  ostensible  cause.  Thus  it  h  imA  it  ill 
uocommon  for  Articular  Cartibge^t'to  be  almost  entirely  deatroyed  tlin)0|^ 
defect  of  nutrition,  without  any  pain  or  other  symptoms  to  calfatSefiiina  io 
the  change  in  pro^re^^;*  and  mttny  similar  ca^es  might  be  cited,  Tbewi? 
reasou  to  believe  that  *^  fatty  degeneration."  the  forni  under  wiitch  drfener- 
Btion  most  commonly  presents  itself  (5  S51 ),  is  in  n^Jity  far  mot*  freitikBi 
than  aimple  wasting;  but  it  attracts  less  notice,  because  ll»e  balk  cil  tbt 
tissue  is  little  or  not  at  all  diminished  ;  and  it  is  only  when  tbtirtr  fnoctiit 
becomes  impaired,  that  attention  is  seriously  drawn  to  the  ebitn^.  TCi 
form  of  Atrophy  can  seldom  be  attributeif  to  antec^eni  <!■  n  laJ 

fuuctioual  activity;  for  it  is  most  common  in  organs  upon  w  re  ii| 

the  most  constant  demand  for  the  energetic  performance  of  tbeir  r^pcetit^ 
duties*,  a*^,  for  instance,  in  the  heart,  the  kidneys,  and  the  lirer.     Bat  tk 
formative  activity  *jf  Muscles  and  Nerves  h  so  closely  dependent, as  alrtiilr 
several  times  pointed  out,  upou  the  active  exercise  of  their  fuDctiotial  p«>ir«i» 
thjit  atroph}'  is  certain  to  supervene  if  this  be  interrupted  ;  and  ihb  atrophy  j 
may  or  may  not  present  itself  under  the  form  of  fiitty  degenerati^  ♦-    .%  J      *^ 
age  of  the  par(r5,  concurrently  with  the  production  of  an  increa- 
lilt  in  them,  being  perha]>s  the  mode  in  which  it  moi^t  fre^^uentJ}  .-i 
Atrophy  of  one  part,  moreover^  may  be  dependeut  upou  atrophy 
feet  funVtional  uctiviiy  of  nnother,  if  the  two  be  so  related  iti  tf,-:. 
fuuctious»  that  a  declineof  one  involves  a  corresponding  d  eel  in-     i  r  > 
Thus  if  a  motor  nerve  be  paralvKed,  the  muscles  which  it  hi 
into  action  will  be  atroj>hied  ;  and  this  wiU  equally  happen,  wh^ 
of  motive  power  depend  upon  a  deficient  production  of  it  in  thv  u- 
eentres,  or  upon  an  interruption  to  its  conduction  through  the  tnink**    ^h 
the  other  hand,  if  the  muscles  of  a  part  undergo  degcneratii>r» 
use  (as  in  disease  of  the  hip'joiut)»tne  nerves  which  supply  th» 
The  same  is  the  case  in  regairl  to  the  nerves  and  orgau&  of  nen^ ;  for  aimpiij 
of  the  eye  will  ot^casion  atrophy  of  the  optic  nerve^  and  destruction  of  the 
optic  ganglia  will  induce  atrophy  of  the  eyes  and  optic  nervc*i*     Evi:n  tbi 
bi^nesofa  limb  will  suffer,  in  ca*es  of  atn>phy  of  the  rou^des  con- '  "  "*  'fT«ii 
diBU^;  for  in  an  experiment  made  by  Dr  J.  Reid,  to  deterii«  '^ftt 

of  artificial  exercii*e  id  maintaining  the  nutrition  of  miiscleti  wnuw  ursm 


'  Sets  Redforn.  On  Abtiormat  Nutrition  in  Artk-iilHr  rflrtilftg<v,  p.  RS, 
'  The  Aulht>f  hml  some  lime  tiE^a  under  liis  f»1»^f*rv«ti*»n  u  cufs**  i"  wUifli 
of  ii  furntly  prugre^^ivi'ly  tH^-Jime  nflVcto^l,  bt'twi'en   tUo  itt:t*s  of    • 
iMtiy  do^cnemiitin  i>f  the  mo8<*le9,  whit-h  prort!*'iioil  in  thf  mi!>si  i. 
ainuist  t^oinpieto  4it>liU^ri*lion  of  tln'ir  nr^rriinl  (^truoUip*',     Tins  <! 
iid^Ti'd  by  runny  eminent  priiclitinii.i'rr»  to  be  idiupnthir  ;  thnt  it,  : 
Ofijlllii  11)  the  n> t (*.<.- uljir  li^-ui- ;  nnd  lh«  mtmaurt*s  whtuH  bwd  twoiJ 
h  hud  been  of  n<»  nvull  wbHtever     It  wiis  a  stnmg  nrgtunoni,  li^wcvr 
Ik  view  of  ibLi  Lti&«^  Lhjit,  In  ibr  A«Mi~^of  tha  eldest  S'm^  who  diod  of  U\ 
Ifl,  tm  r*tty  di-g^^ntimtiun  c*mJd  be  di<*coviired  ;  Hn*t  tin   mfiitiMg  ifinnu 
tory  o(  the  pitrer^u  «nd  ctf  IhHr  fNmilies,  itrnple  evidenct*  wii*  dtM?*»vi?rr 
ihiit  the  dispiise  wtn  drpcndonl  upon  tho  want  of  ftinctlonal   p^v 
cenlfc^.     Acting  on  thiii  viow,  it  whs  r*H'<>Tnniend'^d  ilt«t  ib«  luu 
hi.*  k(*f>t  «s  inncb  «*  po^sibK*  m   ta  stult*  of  ncllvo   exerrW^  itnd  ilini  .. 
currfi-nt  «h'>uld  b^  fpec|vn?ntly  transmitted  ihrtjyi^h  ibo  llrnt»?>  fr*ini  Ui 
trcrtluieni  proved  fo  fwr  snct'ejisful  tJmt  the  prosfri's?  of  Ibi*  di!^i'«*i*  ftp; 
rc$t<^,  in  tbo  most  ndvtimTd  ftiise^  whilst  u  decided  impruv^mr'nt  t' 
condition  of  11  youtji^er  t^hild,  wbi>  wns  pr^inou^ty  fwtidin^  rapMly  intj-i   . 
thng  thdt  of  hu  elder  broibers. 
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lad  been  divided,  the  bones  of  the  quiescent  limb  only  weighed  81  grains, 
irhilst  those  of  the  exercised  limb  weighed  89  grains.* — It  is  an  important 
Sict,  which  was  first  pointed  out  by  Mr.  Paget,*  that  when  fatty  degeneration 
m  commencing  in  any  tissue,  which  is  characterized  by  the  persistence  of  its 
aaclei,  it  is  in  the  nuclei  that  the  first  alterations  are  seen  ;  for  they  become 
[Mile  and  indistinct,  and  may  even  disappear  altogether,  almost  before  any 
)ther  change  is  discernible  in  the  contents  of  the  cells  or  tubes  to  which 
they  appertain ;  but  in  atrophy  from  mere  decrease,  this  disappearance  of 
the  nuclei  does  not  occur. 

361.  Reparative  Process, — The  nutritive  operations  take  place  with  extra- 
ordinary energy  and  rapidity  in  the  process  of  Reparation;  by  which  losses 
>f  substance  occasioned  by  injury  or  disease  are  made  good.  In  its  most 
perfect  form,  this  process  is  exactly  analogous  to  that  o^\\\q  first  development 
if  the  corresponding  parts  ;  and  its  results  are  as  complete  in  the  one  case 
u  in  the  other.  In  fact,  among  the  lowest  tribes  of  Animals,  we  find  these 
two  conditions  blended,  as  it  were,  together ;  for  the  process  of  reparation 
may  be  carried  in  them  to  such  ^n  extent,  as  to  reproduce  the  whole  organ- 
ism from  a  very  small  portion  of  it.  In  the  Hydra,  or  Fresh-water  Polyp, 
there  would  seem  to  be  scarcely  any  limit  to  its  power ;  for,  even  if  the  b<xiy 
of  the  animal  be  minced  into  small  fragments,  every  one  of  these  can  pro- 
duce 8  new  and  perfect  being.  In  this  manner,  no  less  than  forty  have  been 
utificially  generated  from  a  single  individual. — In  ascending  the  Animal 
Wftle,  we  find  this  reparative  power  less  conspicuous,  because  limited  in  its 
exercise  to  particular  tissues  and  to  comparatively  insignificant  parts  of  the 
body;'  and  in  Man,  as  in  other  warm-blooded  Vertebrata,  the  regenerative 
power  18  for  the  most  part  restricted  in  its  exercise,  as  Mr.  Paget  has  pointed 
oot/ to  three  classes  of  parts,  namely:  (1.)  "Those  which  are  formed  en- 
tirely by  nutritive  repetition,  like  the  blood  and  epithelia  (their  germs  being 
eontmually  generated  de  novo  in  the  ordinary  condition  of  the  body);  (2.) 
Those  which  are  of  lowest  organization,  and  (what  seems  of  more  impor- 
tance) of  lowest  chemical  character,  as  the  gelatinous  tissues,  the  areolar 
and  tendinous,  and  the  bones;  (3.)  Those  which  are  inserted  in  other  tissues, 
not  as  essential  to  their  structure,  but  as  accessories,  as  connecting  or  incor- 
porating them  with  the  other  structures  of  vegetative  or  animal  life,  such  as 
nerve-fibres  or  bloodvessels.  With  these  exceptions,  injuries  or  losses  are 
capable  of  no  more  than  repair  in  its  limited  sen.se — ^i.  e.,  in  the  place  of  what 
is  lost,  some  lowly  organized  tissue  is  formed,  which  fills  up  the  breach,  and 
Bofiicei!  for  the  maintenance  of  a  less  perfect  life." — Yet,  even  thus  restricted, 
the  operations  of  this  power  are  frequently  most  remarkable ;  and  are  in  no 
instance,  perha^is,  more  strikingly  displayed,  than  in  the  re-formation  and 
remodelling  of  an  entire  Bone,  when  the  original  one  has  been  destroyed  by 
disease.  That  this  power  is  intimately  related  to  that  by  which  the  organ- 
ism is  normally  built  up  and  maintained,  is  evident,  not  merely  from  the 
peculiar  mode  in  which  it  is  exercised, — its  tendency  being  always  to  repro- 
duce each  part  in  the  form  and  structure  characteristic  of  it  at  the  particular 
Sriod  of  life,  and  not  according  to  its  embryonic  type,-7-but  also  from  the 
St,  that  it  is  more  effectual  in  the  state  of  growth  than  in  the  adult  con- 
dition, and  that  it  can  do  far  more  in  the  embryonic  state,  when  development  as 
well  as  growth  is  taking  place,  than  afler  the  developmental  proce:*s  has  ceased. 
In  fact,  as  Mr.  Paget  has  remarked  (loc.  cit.),  its  amount  at  different  periods 
of  existence,  as  in  different  classes  of  animals,  seems  to  bear  an  inverse  ratio 


1  Physiological,  AnRtomionl,  and  Patholoj^ical  Researches,  p.  10. 

'  Loctiircj*  on  Siir^jicnl  Palholotfy,  vol.  i,  p.  lOG. 

•  See  Princ.  of  Coinp.  Phys  ,  chap,  xi,  8e<rt.  3.  *  Op.  cit  ,  p.  164. 
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to  the  ilegfpe  of  development  which  has  already  taken  place.  T 
kaowu  to  every  praetititmer,  how  murh^mone  remlily  and 
lesions  result! Dg  from  aeritlent  or  dr^eaite  are  repaire<i  in  chtl*iWi 
youth,  than  they  are  sifter  the  ntfalnnient  of  the  ad  till  s»ta{c.  And 
evitlence  that,  during  emhryotiic  life,  the  regenerntion  of  l€«t  parts  mar 
place  hi  a  deorr^^  tawhirh'we  have  sc^i reel y  any  |h«nille]  after  birifci 
Prot  SiinjiP^im^  Ua.«  brought  to}j*-rher  nmneroua  c«.*c?.  iti  which,  aftwr  ** 
taueuus  amputation"  of  the  limbs  of  a  f«?tu§,  ocTurriui;^  at  an  wirly 
of  gei^tatioti,  there  has  obviously  been  an  imperfect  attempt  at  tf»e 
tiou  of  the  amputated  part  from  the  5tunip;  and  it  scem^  probable  fraQi  fk§ 
history  of  normal  development,  that  in  the  cases  ia  which  perfect  IkiJKk  §9i 
feet  have  been  present  without  the  corresponding  limbs,  theae  baotb 
have  been  seeotidary  productions  from  the  stumps  of  amp ut&tjed  liaib\ 
aoy  original  defect  of  development  would  have  articled  the  Kaacli 
rather  than  the  arms  and  legs.  There  are  occasional  exaniplai^  u 
in  which  this  regenerative  power  has  been  proloiige<l  l*>  ati  iintijuallr 
period :  thus  an  instance  is  reeorded,  on  authority  that  can  dcartvlf 
doubted,  of  the  twice- repeal  ted  repr*>dt»ciion  of  a  supernumeTurT 
Htler  it  had  been  twice  compietely  removed ;'  and  the  Anihor  hmtt 
sured  by  a  very  intelligent  surgeon,  that  he  wa*  cognizant  of  a  cni«f  in  mtiA 
the  whole  of  one  raiuu^  of  the  lower  jaw  having  been  lo«l  by  dii«Tisc  h^, 
young  girl*  the  jaw  had  been  completely  regenerated^  aud  teeth  iferetk^ 
oped,  and  occupied  their  normal  Bitnation:*  in  it;^ 

362.  It  has  been  a  general  opinion  among  BritiihsuE^erfxis  (foirndai«i|iM 
what  they  believe,  but  erroneoui*ly,  to  have  been  I  he  diK'trine  fif  Htmctrl* 
that  Irjfiammation  is  essential  t<>  the  proce**  of  Reparatioi].  Thrrr  U  m 
doubt  that>  as  usually  conducted,  the  healing  of  wounds  is  u;  '.  '  ^Ti 
greater  or  less  degree  of  Inflammation;  but  it  does  not  ihent  bai 
this  morbid  condition  lse*?entiai  to  the  renewal  of  the  healths 

fact  it  can  be  shown  that,  In  the  niajoriiy  of  case^i,  the  octnjm^E 
mation  is  injurious  rather  than  beneliciul.    It  was  by  Dr  M 
lir^t  clear  enunciation  of  this  important  truth  was  made  ;  an 
founded  u[Km  u  phiiosophical  comparative  survey  of  the  ■ 
aratiou  and  Inflammation  as  (>erfornied  in  the  different  ^ 
namely,  '*  that  the  powers  of  reparation  and  reproduetion  arc  tn  propviiiw 
to  tlie  indisposition  or  incapacity  for  inflammation  ;-*lhat  inflamnrntiooif* 
far  from  being  necessary  to  the  reparation  of  parts,  that,  in  prop^^rtiiMi  «* iJ 
exists,  the  latter  is  impeded^  retarded,  or  prevented  ;— that,  when  inflarawt- 
tion  does  not  exist,  the  reparative  power  is  equal  Uj  the  original  tcntleurT  l" 
produce  and  maiutain  organic  form  and  structuri? ; — and  that  it  ihc4i  bifxiflofl 
a  natural  function,  like  the  growth  of  the  individual^  or  the  repaK!Mctino*if 
th€  epecies,*'*— may  be  regarded  as  subslautialiy  correct,  although  rmjainftg 
some  inodiflcation  in  (mrticular  ca^^es. 

363.  The  Amplest  of  all  the  methods  of  healing  of  an  open  woitOfUi*^ 

1  ThRsecnsp*  wore, broti^ lit  by  Prof.  Simp-ioti  hff«>rw  tht*  Phv  •*« 

the  tJrvti^h  A^opirttion^at  iu  aK-cilrtgin  Edifihur^h,  Aug  l*i50,     i  •  "t 

hud  lt*e  apporlufitlv  i>f  ^xnnnnirii;  two  living  exiinplut«  ««  WuU  «*  Pr^f.  lii^p*^^ 
pn^pntnrHm^,  h  pcrfi^clly  snibfit^d  ii*  to  the  fuct 

'  ^fe  Mr    White'*  Tmilbe  on   lt»r>  l^^gf^nffrHtfon  ^f  Anii      '        '  "  ''    -tV 

Unnui-s  (ITftiJ),  p*  10.     A  ca^ie  wms  uf^^^^•^  Dr  CurjirryUT'a  *v  '^ 

prtiijurtkm  of  a  supt'Tniiinn-rnry  dicit,  nflvr  ri*nir*val,  cjceiifi"^  <^*cr^  imn  n  — '« 
operwtion  wns  pt>*ipjnp'd  till  th*»  eliild  hml  vfHBL'4  to^niw.^Et>* 

>  Fttp  MfMtlogoua  c^scj,  iee  Wrtgntr,  On  Hc$4.'cuoii»,  £jydciiti*iii  SaeiMv'*  irta^t, 
p,  187. 

^  Dr,  Macartacy'a  Treatifo  on  Iiifl»mni«tioai  p*  7* 
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whinli  IS  termed  hy  Dr.  Manartuey  "  immediate  utiioti/'  It  is  often  seen  in 
tbe  ense  of  smnll  inrised  wountb/sueh  as  cuts  of  the  tinger.%  or  tbe  iucigion 
ni3»*lr  ID  veDC^ctlnn,  in  which  the  two  edges  can  he  brought  into  elose  ap* 
proxinmtion,  m  that  they  grow  together  without  any  conneotiiig  medium  of 
hloori  or  lymph  ;  but  it  sometimes  occure  in  lai^r  oues,^  and  m  it  is  the  b^t 
itDagiuable  proces^s  the  surgeon  ought  to  favor  it  as  much  as  jiossible,  by  pro- 
curing the  most  exact  coaptj^tiou  of  the  wounded  parts,  and  by  repremug  any 
tendency  to  inflanimatkui  which  will  interfere  with  it.  This  is  the  mode  of 
uoion  which  was  sp>keii  of  by  Jnhu  Hunter  as  *'  healing  by  the  first  inten- 
tion," He  supp*jii^>d  that  the  union  takes  place  through  the  medium  of  the 
bloml  iiiUTVcuiiig  iK'twetn  the  lips  of  the  wound,  which  undergoes  organisa- 
tion inco  a  connectiiifi:  tissue  ;  but  it  is  now  certain  that  although  bloiid  may 
tx«eome  oi^auized,  especially  when  effused  into  a  wound  secluded  from  the 
air,  yet  that  its  iuterveotiao  opposie?,  rather  than  favors*,  healing  by  immediate 
union. 

3tj4,  That  which  is  commoidy  known  amougst  Brlti.-;h  Burgeons  as  "  heal- 
l0g  by  the  tirsi  intention,"  is  that  which  was  designated  by  Hunter  as  **  union 
by  ndbfcislon  "  or  by  *' adhesive  inrtamnmtion/'  This  process  takes  place  in 
ifie  case  of  inclited  wounds,  of  v^hich  the  edges  are  not  broujrht  into  perfect 
ooaptatiou,  or  in  which  some  inflammatory  action  is  present,  which  gives  rise 
to  tW  effusion  of  plastic  lymph.  In  either  case,  the  connection  is  fitially  re- 
€gtiibli:^hed  by  the  organization  of  the  lymph,  into  which  ve^ek  pa^^^  from 
btith  surfaces ;  hut  the  intervention  of  thisbond  is  manifested  in  the  persistence 
Df  the  cicatrix  J  which  is  quite  distinguishable  by  its  peculiar  appeanuu'e  from 
the  aurnjunding  tissue.  A  very  good  example  of  this  proct^^s  as  it  takes 
place  under  favorable  circums^tances,  is  presented  after  operations  for  bare- 
lip;  the  wound  left  by  which »  however,  may  partlv  heal  by  **  immediate 
union."  Even  the  moderate  effusion  of  lymph,  to  a  degree  that  is  altogether 
salutary,  cannot  be  regarded  as  ahme  sufRciug,  under  such  circumstaucea, 
to  eoustitnte  Inflammatinn,  But  it  is  well  kuowu  that  if  a  slight  wound 
which  18  thus  healing,  be  (rrovoked  tfj  an  increased  degree  of  inflammation, 
lis  progress  is  interrupted ;  anrl  all  the  means  which  the  Hurgoon  employs  to 
promote  uuion  are  such  a^  tend  to  prevent  the  accession  of  this  state. — The 
only  case  in  which  the  concurrence  of  I nfi animation  can  be  regarded  as 
salulary,  is  that  in  which  there  is  a  deficieucy  of  Fibrin  in  the  blood,  causing 
a  deficient  orgmiiiahifity  of  the  lymph.  It  has  been  seen  that  the  amount  of 
lihrin  I*  rapidly  incn^ased  hy  inflammation  (§  2TO);  and  the  Bnrireou  well 
kfiowif  that  a  wound  with  pale  flabby  edges,  in  a  depresv^ed  state  of  the  systemp 
will  not  beal,  until  some  degree  of  Inflamniation  lias  commenced.  But  when 
Ihe  inflammatory  &tatc  hiis  developed  itself,  in  however  trifling  a  degree,  there 
Is  always  a  ris^k  of  its  proceeding  further^  and  occasioning  a  degencnuion  of 
the  phiMic  material,  so  that  the  formation  of  pus-cells  and  the  effuj^ion  of 
pumkcnt  fluid  take  place^  instead  of  the  development  of  uniting  tissue. 

365,  The  regeneration  of  epithelium  when  the  injury  has  been  fo  slight  as 
only  to  effect  its  abrasion  has  chiefly  been  studied  in  the  case  of  the  corneal 
epithelium^^  and  ap]>eiirs  to  be  effected  chiefly  hy  the  adjoining  cells  thrusting 
otit  processes  towards  the  wound  and  gradually  bridging  it  over  and  covering 
It;  but  iome  new  cells  may  also  arise  from  the  multiplication  and  develop* 


'  Mr.  l**^et  mentions  a  case  of  exlirpivticin  of  »  mamnmry  tumur,  in  wlik-h  tho 
grPHiiT  p»rl  of  the  wound  wti*  found  to  bnvo  hctilcd  iifter  this  iWhion  j  tho  «^kin  »oirl 
fiisctii  biivin^  fo  firmly  ad1iori.*<],  thut  no  ihdJrutkin  exbti'd  of  thHr  jm^viuu^  iIgUl-Ii- 
tnimt^  wnd  in*  offujion  of  cnnguhiblc  lymph,  or  priiductton  nf  «  pmncclirig  tUsuc,  wrs 
d'^UTtnyt^by  niicrtMseopk eKiimimilioii.  (  Lptit*ri?«onJ5ur^uHi  Piithnlrtgy,  vol.  \^\\.  VM.) 

*  See  Ariiold,  Virchnw'f  Arthiv,  Bntid  Jtlvi,  Hi*ft  2;  Uoftmarm*  idvm,  1870,  p.  3"^  i 
Babergi  BtHek«F'a  Jahrbuelii2r|  1671,  p.  7,  and  KQflSf  Court  de  Physiologic,  18T2. 
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n>ent  of  tlie  nuclei  in  the  subjacent  tijisue,  and  there  give  rise  to  tlie  I 
tion  of  bkndj^  (KiL<s).     The  ini|w*rtaoce  of  ibe  artifirral  nirl  t^al 
given  to  the  eflbrt.«  of  nature  hi  thh  dlrenlon  are  fruffich  vni  til 

remarkable  reMilta  obtained  by  Reverdfn  in  hi^  method  ul  : iilcefftl^ 

the  traiisplautation  of  ^kiii/  The  fe[iaratioQ  of  S4>itie\vbai  de*!p«;r  voaiwliii 
which  there  has  be^'n  m  f^reat  a  hi&4  of  ^ut>$tiitice  that  oeit her  ini mediate  nmm 
nor  adhftsioo  by  a  thin  layer  of  ooa^tilable  lymjdi  can  tnke  lAnre,  m  acnih 
pli&hed  by  the  gradual  dfevehipment  of  new  li&^ue  from  the  "^tiiideald 
blastema''  with  which  the  cavity  h  fim  filletK  Bnl  this  rnay  tnke  jikec  it 
difli-rent  mode?,  according  to  t^ie  degree  in  which  it  i^  dbtuH^  hj  tbi^ 
Intluninjatory  process  ;  and  it  should  be  the  great  (>bJ€?ct  of  the  Surgm  ( 
protnre  the  mo^t  favorable  method  of  its  prforiuanct>.  It  has  hmti 
by  Mr.  Pasrt^t'  that  the  mode  in  which  the  process  of  filling  op  b 
plir^hed,  differs  eJs^entially  according  as  the  wound  h  stibrulttoeriu^  or  »" 
esfwiied  to  air.  In  the  former  cage,  the  nucleated  blastema  i*  ^rrmduaUy  d*- 
ve loped  into  fibrous  tissues  without  anv  loss,  and  u.N«ially  with  frt*etl<itii  dw 
local  intiammation  (beyond  what  may  Kave  be^n  rt*qoisite  f*>r  tbt*  prodiicfifli 
of  the  plastic  fluid),  as  well  as  from  constitutional  irritaliou.  In  tbi*  ktl» 
ca*e,  the  nuoleated  blastema  is  developed  into  celld  ;  ami  iho^  on  it**  expcMil 
surface  are  unable,  either  from  degeneration  or  from  imperfect  di*v<'h»|iiB«iil, 
to  paifg  on  to  ativ  higher  form  of  (trganlxation,  hut  take  on  tbe  rharsictm 
of  pus-eelb,  an(i  are  only  fit  to  l)e  cast  off.*  Hence  there  is  a  mnltfittl 
loss  of  plastic  mate  rial  J  the  amount  of  which  in  the  ca.*e  of  an  txa 
suppurating  ^re,  forms  a  most  ^rlous  drain  upon  the  system  ;  whiUt,! 
same  time  the  local  infiammation  gives  rise  to  more  or  less  of  ocina^tolj 
disturbance,  and  the  formattan  of  new  tissue  is  by  no  means  so  p^rteti 
the  preceiling  case.     In  cold-blooded  animals,  however,  the  ■  ! 

does  not  produce  this  disturbaaee;  and  we  see  wounds  with  ex  -  / 

subst^ioce  gradually  filled  up  in  them  by  the  development  -  -nr, 

without  any  suppuration  or  other  wa?:te  of  material,  very  mi  tW 

subcutaneous  wounds  of  warm-blooded  animals.  This  methotl  of  ht^o^ 
which  ba^  been  termed  by  Dr.  Macartney  the  **rafKieUing  prt^cess/*  ipDoUuaf 
else  than  healing  by  granulations  under  the  moM  tat^orable  eircunutamn; 
and  to  procure  this  should  be  the  endeavor  of  the  Hurgeoti,  who  tm  &f 
quently  considei^  suppurative  ^rauulaticm  as  the  4mly  mcati$  by  which  w 
open  wound  can  be  filled  up.  The  difference  between  ihe  two  t^^-I  --*  i^t** 
ration  is  often  one  of  life  and  deaths  es|iecially  in  the  cme  of  I  ^« 

the  trunk  in  children;  for  it  frequently  happens  that  the  patit^  '^^ 

the  great  constitutional  disturbance  occasioned  by  a  large  .sis  ^^ 

face,  although  he  has  survived  the  immediate  shock  of  the  injn^  '^  ^^ 

means  adopted  by  [N'ature  to  bring  this  about,  in  warm-blooil^  i  ;  '  '*'• 
the  formation  of  a  iCfib  ;  which  reduces  the  wo»ind  more  nearly  t*>  ih^  *«^ 
dition  of  a  subcutaneous  ime,  so  that  the  reparative  growth  and  ffiroHWi 
of  new  tissue  take  place  (under  favorable  eircum stances)  witluiat  ibj ^ 

1  Hfvprctin^  Arehiirra  Gon.  dt?  M6d.,  ISTi?,  Murs.  Jiiin;  Du^ml,  Nonrfnu  DW-* 
M©d.»  1873,  t,  xvi,  p.  715;  Dcmnrquny,  Do  U  K^gC^nt^ralkm  defi  Off«n*««<** 
Ti£»iit^^  1874,  p.  Gl* 

»  Ui*   cU, 

*  Tho  i»reimi«nl)l<5  tnfit**rirtl  or  lymph  contnintn^  pn-  ^  ^   -  ^^       ^ 

const!  tiJtf^f  ji  very  favorMtsle  lifd  f^tr  tin;  dcvHojmiont  lu 

*iporp3  wbich  tilt*  rpsenrebp*  of  Tjiidnn  (Njittirn,  v*>l  i,  .  , 

p.  12t),  ft*  wpII  m  ihos^e  cif  Br.  Cuiminuhum  itnd  ht^wu  (Hepor  '^* 

Cwlcuiijv},  have  shuwn  to  be  coEislftnUy  fl«uilirii;  in  the  »ir.     At  tii  ■'  ^ 

Wiy»  Baot4*riiit»  Yilinon(«,  and  other  orcwnic  fi*nn*  t^otm   nmk**  tlH**r  i»Lfp"^«i»J*  * 

ihcii  kill  able  nombeti,  nod  Bccoaipnajr,  if  thej  do  not  prodiico,  tli«  imtrefjurtioft^*^ 

Ukm  plne«  iu  the  fluid. 
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ptirBtinn,  and  with  scarcely  any  irritjUion ;  the  sul)«equent  eieatnjf,  i<m^ 
Wing  mnch  more  like  the  natural  part*?,  than  are  any  seai^  fiirined  in  wounds 
that  remain  exposed  to  the  air.  In  the  Humaci  subject »  however^  the  pro- 
ee^  IS  far  le^s  certain  than  it  is  among  the  lower  animabi  owing  to  the  lia- 
hiJity  til  itiflammation  in  the  wounded  part,  and  the  consequent  effii^ion  of 
fluid,  which  procJuces  pain>comprt^ses  the  woundefl  surface,  or  forces  offth^ 
8eftb«  with  great  dii^comfort  to  the  patient,  and  retardation  of  the  healing* 
Small  wounds,  however,  in  persons  of  ^f>od  habit  of  body,  and  in  partjf  which 
cun  he  completely  kept  at  rest,  readily  heal  in  this  manner ;  and  large 
wounds  have  been  known  to  close,  in  the  same  de^f^irable  mode,  beneath  a 
clot  of  inspi^^ted  bh>od.  In  fact,  among^  "  uncivilized  "  nations  whose  habits 
of  life  are  favorable  to  health -^their  bodies  being  continually  ex fjosed  to 
fresh  air,  their  food  w^holei^ome  and  taken  in  moderation,  and  their  drink 
water  or  other  unsttmulating  liquids— there  i?eems  tu  be  as  great  a  tendency 
to  this  meihtid  of  reparation,  as  exists  among  the  lower  animab:  and  the 
diliiculty  of  procuring  it  among  the  niember?i  of  ** civilised"  communities,  is 
owing,  without  doubt,  to  the  ummhtrttl  conditions  under  which  they  too  fre- 
queutly  live,  Seeing  as  we  continually  do,  the  effects  of  foul  air,  of  habitual 
eJLCidm  in  diet,  and  of  the  constant  abuse  of  sHmulants,  in  impairing  that 
form  of  I  he  repurative  process  which  must  be  regarded  as  the  ie<iM  favorable, 
JOanielj,  the  closure  of  a  wound  by  suppurating  granulations,  it  is  very 
etqr  to  comprehend,  that,  to  induce  the  iHost  favorable  method,  the  most 
pimet  freedom  from  all  jjernlcious  agencies  should  be  required. 

366,  The  most  effectual  meari!^  of  promoting  this  kind  of  Reparative  pro- 
cess, and  of  preventing  the  interference  of  Inflammation,  vary  aecHvrdi ng  to 
the  nature  of  the  injury.  The  exclusion  of  air  which  almost  iu variably 
eontAios  the  germs  of  low  organ bnis  from  the  surface,  and  the  regulation  of 
the  temperature,  appear  the  two  poiiiti*  of  chief  imjmrtauee.  The  value  of 
former  is  well  shown  by  the  favorable  results  obtained  by  the  plan  sug- 

tted  by  Prof  Lister,'  of  dressing  wound:^  in  an  atmosphere  siatu rated  with 
earboUc  acid  spray  and  of  the  free  application  of  carbolic  acid  to  wounds, 
listnlouf^  passages,  etc,  and  by  covering  them  with  a  paste  formed  of  whiiiug, 
boiled  linseeti  oil,  and  carboHe  acid.  By  Dn  Macartney,  the  con?5tant  ap- 
plication of  moisture  is  also  insisted  on/  He  states  that  the  immediate  effects 
of  injuries  especially  of  such  as  act  severely  ufjoo  the  sentient  extremities 
of  the  nerves,  are  best  abated  by  the  action  of  **«ieom  at  a  high  but  comfort- 
able temperature,  the  influence  of  which  is  gently  stimulant,  and  at  the  same 
time  extremely  sofithing-"  After  the  pain  and  sense  of  injury  have  passed 
away,  the  steam,  at  a  lower  temperature,  may  be  continued  :  and,  according 
to  Dr.  M.,  no  local  application  can  amipete  with  this,  when  the  Inflammation 
is  of  an  active  character.  For  subsequently  restraining  thi?,  however,  so  as 
to  promote  the  simple  reparative  process.  Water-dressing  will,  he  con^idera^ 
answer  sufficiently  well ;  its  principal  object  being  the  constant  pnxluctioE 
of  a  moderate  degree  r*f  Cold,  which  diminishes,  whilst  it  does  not  extinguish^ 
aeufiibility  and  vascular  action,  and  allows  the  Reparative  process  to  be  car- 
ried on  as  in  the  inferior  tribes  of  animals.  The  reduction  of  the  heat  in  an 
extreme  degree,  as  by  the  application  of  ice  or  iced  water,  is  not  here  called 
for,  and  would  be  positively  injurioua  ;  since  it  not  only  renders  the  exist- 
ence of  Inflammation  in  the  fiart  imposs^ible,  but  beiiig  a  direct  sedative  to 
all  vital  activity,  suspends  also  the  process  of  restoration.  The  efficacy  of 
waier-ilres-^iug  iu  injuries  of  the  severest  character,  and  in  those  which  are 
mast  likely  to  be  attended  with  violent  Inflammation  (especially  woondi  of 
the  large  joints),  has  now  been  established  beyond  all  question  ;  and  its  em- 


*  I/KncH,  184^7,  pp.  326,  $57,  etc. 


*  Treatieeon  Inflam motion,  p.  I78i 
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plojmetit  is  coDtiimally  becoming  more  geiieraiJ — Olher  phuai^  biM  ' 

?ropo»ed,  however,  which  seem  in  partknilar  cajR»s  to  he  etjunlly  ( 
o  Dr.  GreeohoWp  of  Newcastle,  for  iiistaoce,  it  wns  acoitltftJlaHy 
El  few  years  since,^  to  cover  the  surface  of  recent  bunis  with  a  limieM 
resinous  oititmetit,  so  as  to  form  an  artificial  Beab  ;  and  he  statt^  that  m  Uni 
manner  suppuration  may  be  prevented,  even  where  large  sloughs  are  fmxmrd^, 
the  hollow  beini^  gradually  filled  up  by  new  tissue,  which  i*  ^i  Hk^  that 
which  has  been  destroyed,  that  no  change  in  the  surface  manif    "  ""  asil 

none  of  that  contraction,  which  ordinarily  occurs  even  under  3ift- 

agement,  subsequently  lakes  place, — A  plan  has,  moreover^  btuii 
for  preventing  suppuration  and  promoting  reparation  by  the  *'  mr«i*4| 
process,  whicii  cousii^li^  in  the  application  of  imrm  dry  uir  to 
surface*   Although  the  experiments!^  yet  published  have  Q*n  bee? 
factory,  they  seem  to  show  that  whilst  the  processi  of  1  ^  - 

nnder  treatment  of  this  kind,  it  h  attended  with  las^  -  : 

ance  than  is  qften  unavoidable  in  the  ordinary  method  ;  and  ihai    t  -.i 
therefore,  be  advanta^a>udy  put  in  prae^tice  in  thoii?e  case^  in   wru'  h  iw 
couilition  of  the  patient  retjuiraj  every  preniu tic jn  against  such  an  additiomi 
burden, — as  afler  amputation  in  a  strumous  Tj^ubjectJ 

8t>7.  When  the  proces?  of  he^iling  of  an  open  wound    by  Suppomttit 
Griinulation  is  attentively  watched,  it  is  seen  that  the  first  stage  k  the  f•J^  , 
mat  ion  of  a  "glazing'*  on  the  exposed  surface,  which  ckieely  re^inhh^  tk] 
huffy  coat  of  the  bloody  being  composed  of  coaguhiteii  Sbrin  ;    ■■'.       *  tIo 
CfU'puscIes;  in  this  manner  a  sort  of  imperfect  epitbelium  mi  ^it4| 

wit  111  n  half  an  hour  after  the  surface  has  been  laid  bare.     Thi   mi  ftii*«  of  I 
this  glazing  is  the  prelude  to  the  formation  of  granulations^  bot  whiW  itil  j 
going  oUt  there  is,  in  and  about  the  wound,  an  apf>c;u"ance  of  r 
tion,  a  sort  of  calm,  in  which  scarcely  any  tiling  appt/ars  excep: 
ing  of  serous  fluids  from  the  wound,  and  which  c^^ntiuucs   fr^ 
eight,  ten,  or  more,  according  to  the  nature  and  extent  of  the  ^ 
ftnd  the  general  condition  of  the  body*     **This  calm/'  says  Mi 
be  the  brooding-time  for  either  good  or  evil  j  whilst  it  la&tj*,  flu  : 
of  the  wound  will,  in  many  ca&esi,  be  determined;  the  heu  i  .^  i 
lecled,  or  a  Blow  uncertain  proce^  of  repair  may  be  but  ju-^t  h^  i 
mutual  influence  which  the  injury  and  the  patient^a  constitution  are  tod* 
ercise  on  one  another,  appears  to  be  manifested  more  often  at  or  uear  lltJ 
end  of  tliiH  fieriod,  than  at  any  other  time"     The  cesflation  of  ilii«  iKftmltH 
calm,  and  the  active  commencement  of  the  repamtive  uperatjong,  are  iMrked 
by  I  lie  re^^toration  of  the  flow  of  bloml  in  the  vo.s&els  of  the  wonacted  fmHi 
but  the  current  is  not  altogether  normal,  being  slower  bur 
ral,  so  that  ou  the  whole  more  blo<»d  than  usual  pn-^^-^  f  Ki 
plexus.     This  increased  afflux  of  blood  ia  followed  stH 

rial  in  increased  prop)rtion;  and  it  h  from  this  ti!  ^  uaf  | 

proceaa  prt » pe  rl  y  co  m  m  e  n  ces, 

36S-  The  prtjce?§  of  Suppurative  Granulation,  then,  apfieat^  Ui  dtflk  fiwi  I 
the  process  of  granulation  as  it  takes  place  in  dmed  woiiodsj  or  in  m  ••'■J 
moi^t  atmosphere  (the  ** modelling  process'*  of  Dr.  Macartney  j,  cs^cotkBn 
in  this, — that  a  large  part  of  the  corpuscles  thrown  otit  on  tht*  mmam 
iurface  degenerate  into  pus  in  the  former  case,  whilst  none  are  thus  «i«*rf 
in  the  latter;   but  that  the   existence  of  inflammation   oecask)Ciii  m  miMi 
copious  supply  of  lihrin  in  the  former  ca^,  and  increases  its  ieodtotf  lo 


'  Son  dn  ncfmint  of  tKe  result*  of  lhi»  Irenttni^nl  by  Dr.  Gilchrist,  U   llrit  ipi. 
For,  Med.  Itpv.,  Jiilv,  i84tl,  p.  242, 

*  i(f*Jiciil  G«ii'tt0;  Oct.  ISlh,  3838. 

*  Hi^e  M>  Julei  Guyoti  D«  remploi  de  la  Chileur  dnai  1e  Tratt^ment  ilei  Lne^ri»»clt«l 
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become  organized ;  the  filling  up  of  a  wound  with  granulations  being  thus  a 
much  more  rapid  process  than  that  renewal  of  the  completely  formed  tis- 
sues which  may  take  place  in  the  absence  of  inflammation,  'the  imperfect 
character  of  the  granulation  structure  is  shown,  by  the  almost  complete 
disappearance  of  it  afler  the  wound  has  closed  over.  The  portion  of  it  in 
immediate  contact  with  the  subjacent  tissue,  however,  appears  to  undergo  a 
higher  organization ;  for  it  becomes  the  medium  by  which  the  cicatrix  is 
made  to  adhere  to  the  bottom  of  the  wound.  It  is  very  liable  to  undergo 
changes  which  end  in  its  disintegration ;  as  is  evident  from  the  known  tendency 
to  reopening,  in  wounds  that  have  been  been  closed  in  this  manner. 

369.  When  two  opposite  surfaces  of  granulations,  well  developed,  but  not 
jret  covered  with  cuticle,  are  brought  into  apposition,  they  have  a  tendency 
to  unite,  like  the  two  original  sui?aces  of  an  incised  wound.  This  method 
of  union,  which  was  noticed  by  John  Hunter,  has  been  apj)ropriately 
termed  "secondary  adhesion"  by  Mr.  Paget.  The  surgeon  may  frequently 
bmve  recourse  to  it  with  great  advantage,  when  primary  adhesion  is  impos- 
rible,  and  when  the  filling  up  of  the  wound  with  granulations  would  be  a 
tedious  process,  and  very  exhausting  to  the  patient.  In  applying  it  to  prac- 
tice, it  is  essential  to  success,  first  that  the  granulations  should  be  healthy. 
Dot  inflamed  or  profusely  secreting,  nor  degenerated,  as  those  in  sinuses 
commonly  are;  and  secondly,  that  the  contact  net  ween  them  should  be  gentle 
but  maintained:  it  seems  desirable,  also,  that  the  granulation  surfaces  should 
be  as  much  as  i)os8ible  of  equal  development,  and  alike  in  character.^ 

4.  Abnormal  Forms  of  the  Nutritive  Process. 

370.  Under  the  preceding  head  we  have  considered  the  chief  variations 
in  the  degree  of  activity  that  are  witnessed  in  the  ordinary  or  normal  con- 
ditions of  the  Nutritive  process, — those  conditions,  namely,  in  which  the 
products  are  adapted,  by  their  similarity  of  character,  to  replace  those 
which  have  been  removed  by  disintegration.  But  we  have  now  to  consider 
those  forms  of  this  process  in  which  the  product^s  are  abnormal^ — being  dif- 
ferent from  the  tissues  they  ought  to  rej)lace.  We  shall  confine  ourselves  to 
a  brief  examination  of  a  few  of  some  of  the  most  imjM)rtant  of  these  states; 
and  that  which  first  claims  our  consideration,  on  account  of  the  fre<juency 
of  it*  occurrence  and  the  importance  of  its  results,  is  Inflammation, — Al- 
though Pathologists  have  been  accustonied  to  look  for  tiie  "proximate 
cause*'  of  the  phenomena  which  essentially  constitute  the  Inflammatory 
state,  or,  in  other  words,  for  the  first  departure  from  the  normal  course  of 
vital  action,  in  the  enlarged  or  contracted  dimensions  of  the  blood vess<»ls  of 
the  inflamed  part,  or  in  the  altered  rate  of  movement  of  the  blood  through 
it,  yet  it  may  now  be  safely  affirmed  that  these  are  only  secondary  altera- 
tions, depending  upon  an  original  and  essential  perversion  of  that  nornuil 
reaction  between  the  blood  and  the  tissues,  which  constitutes  the  j)roper 
Nutritive  process.  This  perversion  manifests  itself  in  the  early  stages  by  a 
disposition  of  the  cellular  elements  to  return  to  their  embryonic  condition, 
ana  in  the  later  periods  by  (1)  a  diminution  in  the  formative  activity  of  the 
tissues,  leading  to  their  degeneration  and  death;  (2)  by  an  augmentation  of 
the  plastic  components  of  the  blooil,  proceeding  in  all  probability,  as  Vir- 
chow  has  suggested,  from  their  increased  local  production,  and  sul)se(|uent 
conveyance  into  the  circulating  fluid  by  the  lymphatics;  and  (3j  by  these 


'  On  the  whole  subjoct  of  thn  Rcpnrntivc  Processes,  see  Mr.  Paget's  admirable  Lec- 
turer on  Surgicnl  Pathology  (vol.  i,  Lect.  vii-xii) ;  from  which  many  of  the  fore- 
going statements  tind  doctrines  are  adopted. 
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jjewty-fonned  materials  appearirtg  either  in  a  state  in  winch  ihej  mntfas] 
into  a  low  form  of  orgiifii?x<l   tb^ue,  nr  in  ^iicli  a  degriiiit;il   con'ciition  tbt' 
they  are  altogether  nnorgtmvmbh,  and  are  fit  only  to  be  cast  out  froen  iW 
boily.     Each  of  tbe^e  phenomerm  retjnirea  a  separate  exaiamation^  boti  « 
to  its  causes  and  its  consequences, 

371,  Although  it  has  been  custnmary  i^  speak  of  In^amrDatioD  as  a  «t»t» 
of  "increased  action*'  in  the  part  affectexi^— of  which  inrrca^c^l  action, l^« 
augmeniation  in  the  bulk  and  weight  of  an  inflamed  part,  and  in  the  ^iim- 
tity  of  blotjd  which  paa^5  through  it,  together  with  its  fiit^her  tempruturt 
and  more  acute  sensibility,  would  seem  to  furnish  sutticicut  <■ 
all  these  signs  are  found  to  be  deceptive  when  they  are  mort* 
ined ;  and  the  conclusion  is  forced  upon  us,  that  the  vital  pcjwt^r  * 
IB  TQSiWy  titjt^re-Med  rather  than  exalted.     For  the  increa-se  in  bulk  ai 
J9  not  due  to  such  an  augmentation  of  it-^  proper  tissue^  as  would  i 
Btitute  Hypertrophy  ;  on  the  conlniry,even  in  the  sligbtesi  forms  **■ 
mation  there  is  such  a  diminution  in  the  rate  of  its  nutritioii  as  reaily  tDD-l 
ititutes  Atrophy;  and  such  augmentation  of  the  solid  ma^  ait  may  ukf I 
place^  is  produced  by  the  passage  of  the  fluid  which  should  prnperly  litvf  J 
been  applied  to  the  nutrition  of  the  part»  into  an  organ i /^  ti^ue  nftlrf' 
lowest  kind,  and  this  in  virtue  rather  of  its  own  pla^iticity  than  iif  tlie  nJi! 
force  which  it  derives  from  the  tissues  which  it  infiltrate*.     That  ih#*re 
been  an  atrophy  rather  than  a  hypertroply  of  the  pniy>€r  fabric  uf  tli*  part,! 
becomes  evident  enough  when  the  inflammation  has  jm^^sed  away,  aud  tfcil 
newly -formed  tissue  undergoes  degeneration  and  ahsorjition,     Th*?  only 
suci*  in  which  there  h  any  appearance  of  inertia  ted  format  lop  during  UiV  in-" 
flnnnnalorv  state,  are  those  which  correspond  in  their  low  tVfte  of  nrpmoh 
tion  with  tiie  new  tissue  thus  generated,  namely,  the  are<.ilar  and  otltc-r  s" 
fibrous  tissues,  and  al&o  the  osi»eous,  In  all  of  which,  as  Virehuw  has 
the  cells  undergo  a  remarkable  increase,  eoostituting  whul  he  hm  ifnofs 
Hyperplasia,  or  a  formation  of  new  eleraenti^,  in  oprnwltion  lo  Hyfjcrtnipliyj 
or  an  increase  in  the  nutrition  of  existing  parts,*     when  the  Jnflammaiio 
is  more  i^evere,  the  tendency  to  degeneration  in  the  proper  tisssues  of  ihf  part 
becomes  very  obvions;  ior  it  is  by  their  inkr^tiiial  decay  and  rrmoval,  ihilj 
the  cavity  of  an  ahccsft  is  formed  ;  it  is  by  ih^^h  ituperfidui  death  and  ah^tp 
tion  or  s^dution  that  ukeratiou  takes  places;  and  it  is  in   the  death  of  i 
whole  mass  at  once  that  ^langrene  consists 

372,  That  a  diminution  in  the  formative  ftctivity  of  the  Tissues  t*  iii| 
essential  characteristic  of  the  Inflammatory  state,  further  app  i  iU 
study  of  its  Etiology;  for  whether  the  canses  to  which  the  t} 
attack  may  be  traced  are  foml  or  general f  acting  primarily  uj'  U"-* 
of  the  part,  or  first  affecting  the  blood,  their  operation  is  *  iN* 
same.  Thus  the  Itmil  causes  are  all  obviously  such  as  tend  eUhi^f  (Jir*x4i? 
to  depress  the  vital  j lowers,  tjr  to  elevate  them  at  first,  and  thrn  to  thprm 
thenj  by  exhauj?tiou*  Of  the  former  kind  are  cold  and  mechi;  iry; 
also  mauy  chemical  agents*  whose  o{>emtiou  tends  to  bring  ba  'tiiT 
tissues  to  the  condition  of  inorganic  com  pounds.     Under  the  latter 

are  to  be  ranked  all  thoge  agencies  which  produce  overexert  ion  id  ;.. 
tional  power  of  the  part;  amongst  which  may  be  named  heat,  wlun  ooi  »J 
excessive  as  to  produce  a  directly  destructive  effect.  Now  cold,  hrxt,eh«iDi'[ 
Cttl  agents,  and  mechanical  in^jury,  when  operating  in  sufticicnt  inteiwUy,  itj 
once  kill  the  part,  by  entirely  destroying,  inntead  of  merely  dcprt^iag*  itil 
Vila!  powers;  and  it  is  on  the'borders'of  the  dead  part,  where  the  caas**  hw  I 
acted  with  less  potency,  that  we  find  the  tnSammatory  state  subseqacntly  p^  ' 

"  Cellular  Pnthology,  I860,  p,  4€3. 
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lentiDg  itself. — On  the  other  hand,  there  can  be  no  doubt  that  many  inflam- 
matioofl  have  their  origin  in  morbid  conditions  of  the  Blood,  which,  without 
any  other  cause  whatever,  may  determine  all  the  other  phenomena.  This 
is  most  obvious  with  regard  to  those  of  a  *' specific"  kind;  but  it  is  also 
probably  tnie  of  the  majority  of  the  so-called  spontaneous  or  constitutional, 
R8  distinguished  from  traumatic  inflammations.  We  seem,  indeed,  to  be 
able  to  trace  a  regular  gradation  between  inflammatory  attacks  which  are 
entirely  traceable  to  the  introduction  of  a  poison  into  the  blood,  and  those 
which  result  from  causes  purely  local.  Under  the  first  head,  we  may  un- 
qoestionably  rank  such  inflammatory  diseases  as  are  producible  by  inocula- 
tion, the  eruptive  fevers  for  example;  and  scarcely  less  thoroughly  demon- 
»irated  are  the  cases  of  rheumatism  and  gout,  and  many  inflammations  of 
the  cutaneous  textures,  which,  when  occurring  in  the  chronic  form,  tend  to 
sxhibit  a  regular  symmetry  (§  218).  In  all  such  cases,  the  local  affections 
are  the  external  signs  of  the  general  affection  of  the  blood,  just  as  are  the 
inflammations  produced  by  the  introduction  of  arsenic  or  of  other  irritant 
poi&ons  into  the  circulation ;  and  they  may  in  fact  be  reasonably  attributed 
to  the  impairment  of  the  formative  activity  of  the  parts  upon  which  these 
poisons  fix  themselves,  in  virtue  of  their  "elective  affinity'  (§  220j,  just  as 
the  peculiar  functional  activity  of  the  nervous  centres  is  afiected  by  narcotic 
poisons.  And  this  view  of  the  really  local  action  of  what  are  primarily  re- 
pinled  as  general  or  constitutional  causes  of  inflammation,  is  confirmed  by 
the  fact  that  the  localization  of  the  perverted  nutritive  condition  is  often  de- 
termined (as  both  Dr.  W.  Budd  and  Mr.  Paget  have  remarked)  by  a  pre- 
vious or  concurrent  weakening  or  depression  of  the  vital  activity  of  the 
pAft.  Thus  a  part  which  has  been  the  seat  of  former  disease  or  injury,  and 
which  has  never  recovered  its  vigor  of  nutrition,  is  always  more  liable  than 
another  to  be  the  seat  of  local  manifestation  of  blood  disease ;  it  is,  in  com- 
mon language,  the  '*  weak  part.**^  And  it  frequently  needs  such  a  concur- 
rent operation  of  a  local  depressing  cause,  to  fix  and  develop  the  action  of 
the  constitutional  cause,  or  blood  disorder;  thus,  a  rheumatic  or  gouty  dia- 
thesis may  exist  for  some  time  (as  when,  to  use  a  common  expression,  the 
disease  is  "flying  about*'  the  patient),  and  yet  the  poison  may  not  have 
lufficient  potency  to  produce  an  attack  of  acute  inflammation,  until  the  vi- 
tality of  some  particular  organ  becomes  depressed  by  cold,  overexertion,  or 
K>me  similar  influence,  which  would  not  have  itself  engendered  the  diseased 
action,  had  it  not  been  for  the  concurrence  of  the  morbid  condition  of  the 
blood. — ^Thus  we  seem  justified  in  concluding  that,  whether  the  causes  of 
Inflammation  act  directly  upon  the  tissues  of  a  part,  or  whether  they  act 
upon  it  through  the  intermediation  of  the  blood,  their  effect  is  to  produce  a 
depression  in  its  vital  |)owers,  which  manifests  itself  in  a  dejirient  as  well  as 
almormally  direeted  formative  activity^  and  in  an  increased  tendefunf  to  degen- 
eration;  and  that  this  is  one  of  the  primary  and  essential  conditions  of  In- 
flammation. 

373.  This  view  is  by  no  means  inconsistent  with  the  occurrence  of  other 
manifestations  of  Inflammation  which  have  been  supposed  to  indicate  **  in- 
creased action;"  and,  in  fact,  it  is  in  such  striking  accordance  with  the 
phenomena  presented  by  the  movement  of  the  bloo(i,  when  these  are  inter- 


'  Thus  Impetigo  appears  about  blows  and  scnitcbos  in  iinbcHliby  chiUlrcn,  «nd 
Erysipelas  tint  attacks  tbe  scat  of  local  injury  in  nic>n  with  ui)bt>althy  bli>od.  I'cr- 
kuipt  as  good  an  example  as  any,  is  afTorded  by  tbo  uniform  limitation  of  tho  infl.im- 
DiMtion  consequent  upon  tbe  introduction  of  Vaccine  matter  into  tbtt  blond,  t**  the 
>pots  in  which  tbe  puncture  was  made  ;  notwithstandini;  tliHt  Ibi?  wholo  ma^s  of  blood 
i«  afri-cte<l  by  it,  as  is  shown  by  its  incapacity  for  subsequently  developing  the  poison 
»f  imatl-pox. 
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preted  by  the  pnociples  already  laid  dawn,  m  to  afl^>rd  a  |jowerful 
niation  to  both  doctrines.     The  u^iial  condition  of  the  vessels  <jf  mi  btflunil] 
part,  is  one  of  dilatation  ;  and  this  may  be  fairly  attributjed  to  ib^  lunfifBlj 
vitality  of  tbeir  walls,  whereby  tbev  yield  too  reAdily  to  the  di^teudlug  (iDi«i* 
of  the  eurreyt  of  blood.     But  this  current  moves  too  slowly;  anil  iU  r^ 
tardation   may  gradually  increase,  in  the  part  moat  inleu^ty  inflmiiiKl,  Ia 
the  point  of  complete  stagnation.     Now  this  altered  rate  of  moremt^t  cMh 
not  be  attributed  to  nny  general  cauj^e;  nor  ettii  it  be  accounted   for  IrT  the 
chiitige  iti  the  diaineter  of  the  vessels;  for,  ou  the  one  hand,  it  mn,y  <>" 'jr 
with  a  constricted  istaie  of  the  vessels,  whilst,  on  the  other»  in  Uit? 
surrounding  tbe  inflamed  part,  which  partake  of  the  dilated  e*mditifi 
flow  of  bbmd  Is  so  far  from  being  relarded,  that  it  usually  takes  f *!»«*«  j 
rapidly  tban  usnaK     But  it  may  be  lliirly  considered  as  ihe  n-^iib  iij 
lowere<l  or  sujspended  DUtritive  activity  of  tbe  part,  whieb  ^v 
tArd  or  entirely  check  the  motion  of  blood  m  the  systemic  v-,^ 
m  the  want  of  aeration  retards  or  checks  the  puhnonarj  circulaiion  («  *M),^ 
It  is  quite  trnc  that  a  larger  amount  of  blood  pai^ses  through  n  lm*h»i 
which  sf/me  jftifi  is  in  a  slate  of  active  inflaromntiou,  than  pa**<*  ihrrni^li] 
the  coi respond iiif^  sound  limb;  but  this  i^  far  from  iDdicaliog  '' imti 
actlou ''  iu  tbe  intiamed  part»  being  dependent  upon  the  au^meuted 
blood  throngh  the  tissnes  which  surround  it;  and  if  (he  whole  of  a  Itn 
in  a  slaie  of  iutlammation  [m^ing  on  to  gangrene  (as  oiTurs  when  a  '* 
bitten^'  limb  has  been  incautiously  warmed),  the  amount  of  blotxl 
passes  tbj'ougb  it  is  diminished. — It  would  be  just  lu?  errornHius  ut 
the  elevated  tem]>eratureof  an  intiamed  part  as  a  ^ignof '*iner* 
m  it;  for  this  elevation  is  no  doubt  attributable  in  tiart  to  rh 
flow  of  blood   throngh   the  surrounding  ve*«e]s ;  an«l,  so  far 
npon^  local  changes,  it  obviously  indicates  a  more  nvpld  dl-M 
tisftue,  mther  thau  a  more  energetic  production  of  it;  since  it  is 
former  f?UUe^  rather  than  iu  the  latter,  I  bat  the  conditions  of  the  d«f 
meut  of  heat  (on  the  chemical  theory)  are  supplied,  as  we  see  that  tb«| 
of  a  mu!?cle  m  the  gi^atest  when  it  is  l>elng  disintegnited  by  active  eie 
not  when  it  is  being  repaired  by  the  formation  of  new  tiT^^ue  in  the  hirr*l 
vals  of  refKJse.     But,  as^Mr.  Paget  juetily  remarks,  **thia   pheuomtDon  nl 
involved  in  the  mmt  diflicnlty  as  are  all  those  that  concern  the  b*t*al  virii*] 
tions  of  temperaturt^  in  the  boVly;  difticulties  which  the  doctrtueM  i>f  LiehifJ 
bowevor  good  tor  the  general  production  of  heat,  are  quite  uuable  lori'J 
plain/'  (See  chap,  xiij — And  lastly,  with  regard  to  the  uin        '       iii*?r- 
ness  of  inflamed  parts^  this  is  obviously  due  to  suclj  a  coiiibinn  -^r 

neither  of  which  can  be  legitimately  held  to  indicate  an  iu'^  f*^ 

vital  activity,  that  nothing  can  be  i-estcd  on  this  alone;  c-j  <* 

an  augmentation  in  tbe  susceptibility  of  the  tientient  nerves*^  m*^*  f   luii^f 
circumstances  (as  in  hysterical  disorders),  in  which,  far  from  an  ^ni  ;mrt<irtt» 
there  is  obviously  a  ffimiiti^hed  activity  in  the  parts  from  which  tht)  ^pn^^v 
— That   neither  an  alteration  in  the  circulation  of  u  part*  nor  a  ihf<irrMrtJ 
from  the  normal  condition  of  its  nervous  supply,  can  be  reganjed  a*  tmwi 
the  essential  phenomena  of  inflammation,  is  obvious  from  this,  that  the  mn«t 
importaiit  phenomena  of  inflammation  may  present  theinseive*,  a;*  rBf«lli| 
of  injury  or  disease,  in  parts  that  have  neither  bloodvessels  nor  nerve*:  tV»s| 
is  seen  in  the  deposition  of  lympb  In  the  cornea,  in  tbe  ulceratiou  of  tlj^l 
cornea  and  of  articular  cartilages,  and  in  other  morbid  actions  tu  iheiel 

fwirts,  which,  if  ever  tbey  are  vascular,  become  so  only  af^er  tli*^  elfujioQ  of  I 
ymph  in  them,  the  new  vessels  being  formed  in  this  lymph,  jiniJ  not  lo  thti 
tissut^  thcmj4elves.  Here  it  is  obvious  that  tbe  whole*  change  cv>iisi5t^  In  i ' 
perverBion  of  tbe  nutritive  actions  which  the  ti&sues  ought  tocftrry  oii*^ 


ABNORMAL  FORMS  OF  NUTRTTIVB  PROCESS  —  INFLAMMATION,     457 

the  expense  of  the  materials  which  they  draw  from  the  blood  of  the  sur 

duudiiig  vessels, 

1374.  Of  the  alteratitmB  in  the  condition  of  the  Bhod  hi  Inflammation, 
aeeotint  has  already  be<'n  given  (§  199);  and  it  is  here  onlj  necessary  to 
rec*iipitulate  them.  The  m{>st  eharaeleri&tic  m  the  augmentation,  either  of 
the  organ  liable  or  phiatic  fibrin,  or  of  the  organized  colorless  corpusHes; 
the  increajsed  production  of  the&e  two  components  seeming  to  bear  in  some 
degree  a  relation  of  reciprocity,  the  one  to  the  other.  The  increase  of  Fi- 
brin may  be  considered  as  the  alteration  most  characteristic  of  a  previously 
bealthy  and  vigorous  state  of  the  system  ;  and  it  is  in  the  inflammatioua 
which  occur  in  such  subjects,  that  the  effusioni  are  most  strtmgly  disposed 
to  become  organized,  and  show  the  least  tendency  to  ondergo  degenerative 
changes.  On  the  other  hand,  the  increase  of  the  Corpuscular  elements 
seems  to  occur  in  cachectic  or  otherwise  unhealthy  individuals ;  and  the 
inflammatory  eflusions  which  partake  of  the  same  character  are  tar  leas 
plastic  originally,  and  are  extremely  prone  to  undergo  degeneration^  either 
&t  the  time  of  their  effusion  or  subsequently*  With  this  iuerea^ie  in  the 
proportion  of  fibrin  aud  colorless  corpuj^cies^  separately  or  in  coTubination, 
there  is  a  dlmiuution  in  the  proportion  of  the  red  corpuscles,  albuineu,  aud 
salt?  of  the  blotrtL  N<uie  of  thei^o  chl»uge^,  however,  can  be  lcjj;aiinately 
regarded  a.s  originally  or  essentially  chameteristic  of  the  infljininifitory  con- 
dition;  they  are,  in  fact,  to  be  looked  on  rather  as  the  results  of  it.i'e.^uib- 
lishment,  constituting  that  series  of  alterations  in  the  circulating  fluid 
.which  is  of  parallel  order  to  that  which  occura  in  the  solid  ti^ues  whereiti 
the  infhinimatory  action  bas  been  set  up. 

375*  The  lutlanmmtory  state  h  further  characterixed  by  the  rffmkn  and 
local  production  of  certain  of  the  components  of  the  Blood,  either  upon  the 
surface,  or  into  the  sul>sianre,  of  the  iuflame<l  tis^ue-s.^ — The  effusion  of  pure 
iertim  cannot  be  regarded  as  characteristic  of  inflammation  ;  since  it  may 
take  place  as  a  mere  result  of  congc^tiou,  especially  when  this  congestion  ia 
due  to  an  obstmction  to  the  return  of  the  blood ;  whilst^  again,  it  may  be 
due  lu  an  altered  condition  of  the  albuminous  constituent  of  the  blood, 
which  favors  its  transndation  (§  196),  The  so-called  serous  effusions  which 
ft  re  p<  J 1 1  red  forth  in  i  n  fla  ni  in  a  I  i  o  n ,  d  o  i  n  real  i  ty  eo  n  ta  1  n  fibrin  in  so  1  u  li  on  j* 
but  thiis  fibrin  may  not  manifest  its  presence  by  spontaneous  coagulation, 
until  it5  paj^age  into  the  bolid  state  is  favored  by  the  introduction  of  a  piece 
of  the  washed  clot  of  blood,  or  of  the  buffy  coal,  or  of  muscle  or  some  other 
animal  tl^ue,  which  seenii*  to  act  as  a  sort  of  nucleus  of  fi!>rjllation.  The 
pr€3»euce  even  of  fibrin  in  such  an  effusion,  however,  is  not  ip  it-^el  fa. sufficient 
proof  of  the  existence  of  inflammation ;  for  it  ha^  been  shown  by  the  ex- 
periments of  Mr,  Robinson/  Emminghaus,^  and  others,  that  when  the  ub- 
Btruclion  to  the  return  of  hloiiti  by  the  veins  i.^  so  ^rcat  m  to  occasion  an 
excessive  presj^ure  vs'ithin  the  capillaries,  the  fluid  which  transudes  may  eoti- 
tain  enough  fibrin  to  render  it  spontaneously  coagulable.^ — The  locally  de- 
veloped material  which  is  most  cnaracteri.stie  of  Inflammation,  is  that  which 
18  known  as  ct^af^uitiUt  hjmph;  it  is  much  to  be  desired,  however,  that  some 
other  designation  should  be  applied  to  it,  since  the  term  'Mymph  "  can  only 
be  appropriately  employtnl  for  tlie  fluid  contents  of  the  lymphatic  vessels. 
The  |>ecu]iar  characteristic  of  this  infiaraniatory  product,  is  its  capability  of 
spontaneously  passiug  into  the  condition  of  an  organized  tissue,  either  fibrous 
or  cellular,  or  a  mixture  of  both  j  and  of  thus  forming  "false  membranes" 


^  Thift  ii  denied  by  Vircbow  (CelluUir  Pmhology,  p.  392). 

"  Medko-ChiTiir|Tiewl  TrHn#*tctionF»  vol,  xxvi,  p.  6L 

■  JSmmlngliiiu^,  Bur.  d,  k,  k.  Ge^eU^^Jiiift  d,  Wl&s.,  1873. 
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on  mflftmed  j^urfiit*ef,  or  solitlifyhig  the  inflamed  part  by  the  iv-  '     •      rii^ 
ductiou  of  simUnr  lowjy  orgttutited  textures,    Ahliougli  it  imi?  ir  t^; 

the  habit  of  Pathologists  to  speak  of  "  eoagiilabl*?'*  or  *' plastic  i' 
if  it  were  always  one  and  the  same  things  yet  it  really  pre^ctit^  v.nr 
datloDS  of  eh  uracil  er,  which  are  m  an  i  feinted  In  ltd  dittt^rent  degree*  of  orgiiia- 
ability,  and  m  the  diverse  nature  of  the  tissues  <ie%'eloped  froif.  h     iit.d  t» 
Mr,  Paget  has  pointed  out,^  there  are  two  typical  forms,  thf-  i 

the  eorpuninilar,  between  which  the  others  are  intermediate,      i ...    ...ihiu 

coagulates  into  a  fibrous  clot,  rc&tmibling  that  of  healthy  bhK*d,  but  u^ndly  ] 
showing  a  more  distinct  fibrillatiou.    The  hitter  (the  *'croup(iy^  *'  exmioti^D 
of  Rokitansky)  is  characterized  by  the  want  of  any  prnper  coagulatirtu,  tk  I 
fibrous  clot  being  replaced  by  an  aggregation  of  celL^.  which  in 
appearance  resemble  very  nearly  the  primonHal  condition  of  the  > 
of  the  ilnids  of  the  absorbent  vessels,  and  the  colorless  e»ir| 

blood.     It  is  seldom,  however,  that  either  of  these  typical  ftit  ^ 

presents  itself  in  a  state  of  complete  isolation  from  the  olhtJ  ;  ih^y  tn 
mueh  more  commonly  blended  in  various  proportions,  so  that  one  or  th« 
other  predominates;  and  it  is  mainly  upon  the  preponderance  of  fibna»  t!>«t  j 
the  "plasticity'^  of  the  fluid  (or  its  cafjacity  lor  organization  j  d*?f»fiid*; 
whilst  according  to  the  preponderance  nf  corpuscles,  will  be  its  teiideiR7  to 
degeneration*  Thus  the  exudation  of  fibrinous  lymph  is  the  aymbtil  of  the 
"adhesive*'  inflammation;  whilst  that  of  the  *' corpuscular "  U  altuilaflf 
C  h  a  raeter ist  le  of  i  b  e  "  s  u  p  pu  ra  t  i  ve ' '  i  n  fla  ra  m  a  ti  on , 

376,  It  is  obvimmly  of  great  consequence  to  ascertain  the  conditjouft  which 
determine  the  production  of  one  or  other  of  the^e  states;  and  lhi*i*t%  asMr*  i 
Paget  has  remarked  (loc,  ctt,),  may  be  considered  under  tlirt-4*  brad!*,^!!^ 
the  previous  state  of  the  blmxi,  (2)  the  seat  of  the  iiiflamtimtioik. 
the  degree  and  character  at  the  inflammation.    The  t^ttfiiiiott  f** 
m  determining  that  of  the  lymph ,  has  Iwen  carefully  studit^i  h    ■ 
who  has  shown  that  the  chaructej's  of  inflani matory  deposit*  in  •  I  \k 

eees,  correspond  very  generally  attd  closely  with  tlH*j*e  of  the 
iti  the  heart  and  pulmonary  ve^sseU  after  death.     The  results 
experiments  on   the  same  subject  have  been  already  cited  (^  24  7^    Aiifi 
clinical  i>bjiervation  fully  confirms  this  doctrine  by  evidence  of  ttuothi^r  ktndj 
that,  namely,  which  is  affordetl  by  the  difierent  course  of  the  jtami*  jipecific 
disease,  in  difl'e re Dt  individuals,  according  to  the  previously  heah by  or  ib- J 
normal  condition  of  their  blood.     There  can  be  no  doubt  that  a  very  lar] 
proportion  of  what  are  called  **  unhealtliy  infiammation!^,^^  e^p^rially  thoiftl 
of  the  erysipelatous  type^  are  to  be  regarded  as  owing  their  jx*rutiiinty  to 
the  low  vitality  of  the  components  of  the  blood ;  which  &eems  in  be  fnvtinidJ 
by  the  presence  of  decomposing  matters,  whose  accumulation  in  the  bluodl 
acts  in  mauy  ways  so  prejudieiaily  on  the  system  at  large, ^  and  though  thol 
evidence  is  as  yet  very  faulty  there  is  much  reason  for  believing  thai  the  I 
special  form  assumed  by  the  itiflanimatiou  in  certain  forms  of  diseiisn?  iidtrel 
to  the  development  of  the  spores  of  various  fungi  and  other  low  orgaaUn»I 
which  from  their  lightness  are  readily  carried  by  the  currents  of  the  aif,or| 
may  be  ingested  in  drinking-water,  and  are  ever  readv,  wben  the  c*otidttioD«  | 
are  favorable^  to  germinate."     That  the  quality  of  tbe  loiml  proiluct  h  m 


'  LiHJturefi  on  StirglcHi  Pwtlo>lojjy,  vol.  i»  p,  882 

»  Spe  Mr,  Brookw  Gnllwoy*!*  pHpRfs  on  Unhcwltliy  Infli^aimfttion, In  tbii  Ijknc^t^i  ' 
184tr-5t*,  iind  ihe  Medieid  Grizeito  fur  1850-^1. 

*  Spp  the  ob»erv«iiH>n8  of  fjHptstlilnftky  (CenirMtblult  f  d.  Med.  Wi«'     InT.V  ti  U) 
on  fhp  f»ccurrt*ncf*  of  Spirilln  in  Ibe  blood  of  jmttent*  siiffi^rini;:  friym  r-  ^^f ;  I 

or  Li^wis  un  the  pro«encn  nf  yuL'tntttu^oa  in  Hmiuin  liltjod  in  Cliylurti*  ;  tli#  | 

Sjmitarjr  Commiaeron  In  Indl»,  1@72)|  und  th^  imEntruas  piip^m  thst  liftVtf  b^a  j»ab« 
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(ome  degree  determined  by  the  seat  or  tissue  in  which  the  Inflammation 
X!CurB,  appears  from  the  different  character  of  the  products  of  the  disordered 
ictioDS  tnat  occur  simultaneously  in  different  organs  of  the  same  individual, 
ind  apparently  under  the  operation  of  the  same  cause ;  thus  it  may  happen 
that  ID  pleuro-pneumonia,  the  two  surfaces  of  the  pleura  become  connected 
by  an  organized  material  of  a  fibrous  character ;  whilst  the  efliision  in  the 
nibstance  of  the  lung  is  rather  of  the  corpuscular  nature,  and  speedily  passes 
into  suppurative  degeneration.  Mr.  Paget  ingeniously  proposes  to  account 
for  the  aetemiiniug  influence  in  question,  on  the  idea  that  the  inflammatory 
product  is  influenced  at  the  time  of  its  formation  by  the  assimilative  force  of 
Bach  part,  so  that  it  is  to  be  regarded  as  a  mixture  of  true  lymph  with  its 
ipecial  product  of  assimilation ;  thus  we  observe  that  in  inflammation  of 
bone  the  lymph  usually  ossifies,  in  that  of  ligaments  it  is  converted  into  a 
tough  ligamentous  tissue,  and  in  that  of  secreting  organs  it  contains  a  mix- 
tare  of  the  ordinarily  secreted  product. — The  mode  in  which  the  intensity  of 
the  Inflammation  affects  the  character  of  the  effused  lymph,  is  twofold. 
Por,  in  the  first  place,  the  nature  of  the  original  effusion  is  likely  to  vary 
lecordiug  to  the  aegree  in  which  the  ordinary  nutritive  process  is  interrupted ; 
liDoe,  the  more  intense  the  inflammation,  the  less  will  be  the  assimilating 
force  of  the  part,  and  the  more  will  the  matters  effused  from  the  vessels 
leviate  from  the  natural  plasma  which  would  be  drawn  from  them  in  healthy 
nutrition  ;  whilst,  on  the  other  hand,  when  the  inflammation  is  less  severe, 
its  product  will  not  difl[er  so  widely  from  the  natural  one,  and  will  from  the 
5nt  tend  to  manifest  in  its  development  some  characters  corresponding  to 
those  of  the  natural  formations  of  the  part  But,  secondly,  the  influence  of 
the  inflammation,  or  rather  of  the  depresseil  vitality  of  the  inflamed  tissues, 
is  shown  in  the  tendency  to  degeneration  which  it  impresses  on  the  locally 
developed  product ;  so  that,  even  though  this  may  be  disposed  to  pass  on 
under  favorable  circumstances  to  the  complete  formation  of  an  organized 
tisBue,  its  development  is  earl^  checked,  and  it  undergoes  retrograde  meta- 
morphosis; or  else,  from  the  very  commencement,  its  development  takes 
p]ace  according  to  a  lower  or  degraded  type.  The  normal  product  of  the 
organization  of  either  fibrinous  or  corpuscular  lymph,  is  undoubtedly  a  tissue 
cloeely  allied  to  the  ordinary  areolar  or  connertive;  it  is  of  this  that  false 
membranes  and  adhesions  are  formed,  and  that  the  material  of  most  thick- 
soiogs  and  indurations  (»f  parts  is  composed  ;^  and  it  is  by  the  production  of 
this  tissue  also,  that  losses  of  substance  are  in  the  first  instance  repaired,  and 
that  divided  surfaces  are  made  to  adhere.  Various  kinds  of  degeneration 
may  subsequently  take  place  in  any  of  these  products,  according  to  the  stage 
it  which  the  developmental  process  is  checked  ;  and  among  these,  in  tissues 
irhich  have  once  attained  an  advanced  stage  of  development,  the  most  com- 
mon is  the  fatty. 

377.  Emigration  of  Wliite  Corpuscles  and  Diapedesis  of  the  Red. — One  of 
the  most  frecjuent  results  of  the  inflammatory  process  is  the  formation  of 
Pus,  a  serous  or  albuminous  fluid  holding  a  large  number  of  corpuscles  in 
suspension,  the  origin  of  which  has  been  the  object  of  much  recent  investi- 
pition.   The  cells  are  spherical,  about  the  size  of  the  white  corpuscles  of  the 


iUhed  during  the  last  few  years  on  the  presence  of  Bacteria  and  other  low  organisms 
in  the  bltKid  of  patients  laboring  under  various  forms  of  zymotic  disease,  some  of 
which  art*  referred  to  in  the  year  books  of  the  New  Sydoniiam  Society. 

'  The  Author  i:*  much  di^posed,  however,  to  agree  with  Dr.  Handlield  Jones,  in 
believinc:  that  n  chronic  "fibroid  d^'generation,"  resulting  from  the  f*ubstitution  of  a 
lowly  organized  fibrous  tissue  for  the  propor  texture  of  the  part,  may  take  place,  like 
'*tuherculnr  degeneration,''  without  the  occurrence  of  Inflammation,  properly  so 
emlled.     See  Brit,  and  Fur.  Med.-Chir.  Kcv.,  vol.  xiii,  pp.  343,  340. 
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blood,  Willi  softly  shaded  contours  am!  inameroti?  granules  In  their  tti(l 
They  eoutaiu  one,  two,  or  more  nuclei     By  Virchow*  they  were  eons" 
to  be  derived  essentially  fn>rn  the  proUfenition  of  epithelial  cells,  and  i 
uective-tissue  eorpuseks,  and  there  can  be  no  dtmbt  that  all  intern 
etages  between  healthy  epithelial  cells  and  con nective-t issue  corpuscle 
pus^orpuscles^  may  be  traced  in  inflamraatioo^  but  numerous  o^ 
noticed  that  under  eertaiu  altered  physical  conditions  of  the  r 
escape,  both  of  the  white  and  of  the  i^  corpuscle?,  takes  plart-  iroiaJ 
terior  of  the  ve^seb  into  the  adjoining  tissues.     This  phenomenon  ' 
observed  in  1848,  by  Dr.  W.  Addison,'  and  was  noticed  to  fu'rur  to  li 
mat  ion  by  Waller,*  who  in  a  remarkable  memoir  fully  cornvbomfr^ 
son's  observation,  declaring  that  he  had  seen  the  corpuf*cles  pr 
out  of  the  ve-ssels ;  whilst  Addison  had  already  arrived  at  the  c- 
pus-corpuscles  of  all   kiuds  were  only  altered    colorless   hlood-cor_ 
These  statemeuts,  however,  n^eeived  little  attention  till  the  pubHeatiJ 
Cohnheiin*  of  an  e?say  on  inflaiuniation,  in  which  he  d escribed  the  prf^^Wl 
of  the  pas^ge  both  of  the  white  and  red  corpuscles  tlirough  the  walls  (  ^ 
capillaries,  and  even  of  tolerably  thiek*walled  veins,  in  detail     C^hnl 
observations  immediately  atlracted  great  attention,  and  though  tbeyl 
been  oppf>se<l  by  Felt/,,*  Picot,'  and  a  few  others,  they  have  received  the  J 
support  of  so  many  pood  observers,  m  of  Strieker/  Pru^sak,*  Caton/  N*»r 
ri!*,'^  Baf^tian,"  and  Heller/^  that  the  main  fact  of  the  o.srape  of  the  ooi^J 
pusteles  from  the  ve^^^b  may  lie  re^rdeil  as  Incontrovertible.     In  a  rwro 
e^isay,  Cohnheim"  has  given  hb  latest  viewa  upon  the  jwint.     The  p^« 
of  the  white  corpuscles  throuj^h  the  walls  of  the  vessel?  appeal 
gome  physical  alteration  in  the  walls  of  the  vessel,  reducing  i 
and  permitting  the  colloidal  substance  of  the  corpuscles  to  peuelniiel 
in  a  mode  essentially  similar,  as  Norris  showed ^  to  that  by  which  a  t>oIid  ( 
IBsr  be  made  to  traverse  the  thin  film  of  a  soap-bubble.     Thw  pnK-*-!^ 
probably  aided  by  the  amo?boicl  movement*  of  the  wliite  eorpnKcle«^,  nad  iu 
part  also  by  the  increased  pressure  of  the  blood/*     That  neither  the  iucrcflt*  " 
pressure  of  the  blood,  nor  the  mere  dilatation  of  the  vesseb  U  Hiifticietit  ^^ 
se  to  lead  to  the  emigration  of  the  eorpuficle^^  seems  to  be  demonstrate*!  byl 
the  fact  that  if  any  slight  injury,  as  a  pinch  of  m ml e rate  lie verily,  be  iuflictril| 
on  a  transparent  structure,  as  the  tongue  of  a  frog,  the  vessels  in  the  viciintfl 
may  be  seen  immediately  to  enlarge  (the  arteries  being  first  afTeeleiiX  pff* 
mitting  a  more  rapid  current  to  flow  through  them.     The  vein^  then  ro- 
lapge^  and  afterwards  the  capillaries.    This  condition    is   n.  ^  »  iV 

some  mioutes,  wlieu  the  arteries  begin  to  contract,  and  with  i  ^^ 

return  to  their  normal  condition.     The  veins,  however,  do  uui  t 
process  of  contraction,  and  hence  the  blood-eurrent  in  them  beconi- 

■  Expi't.  Mid  Priict  lic»si*rtr«5hes  an  1  n Hit nimji lion,  IMZ, 

•  Philiifoph.  Mrtpiiftine,  Oct.  Hiid  Nt>v.  1846.  *  Virchiw'i  Afchiv,  ISflt. 

*  Robin  g  Jottrn,  de  TAniitomie,  T""*  AtiEe«J|  1S70-71,  pp.  H'A  ttini  505. 

•  Idem,  p.  4ti5,  '  8irk'kt«rt  idt^m,  Ni>*  6,  Wt- 

■  PrijBenk.  SilKimprsber,  d.  Wien.  Akud  ,  Bd.  hvi,  p.  IS. 

*  Cnton,  Journal  of  Aa«lom?  «nd  PUyr^iidoiSV*  1971,  vol.  v,  p.  35. 
'0  Norris,  Proceed.  Eoy,  Sodely,  1871,  No.  129. 

'1  BAaiAn^  TriinfHetionA  of  Piitfit>lf>iriL'jil  SoiHotv,  WlH^  vol.  xii,  p.  4iiU 
1'  HelJor.Centralblatt  t  d.  Med,  Wbs,,  1870,  p.  810, 
"  CdhnhRim,  Neuo  Untnr*uehuTi^en  ubpr  Entj&ioidimcrH  Berlni.  1ST5. 
"  It  is  possible,  m  Pun?ea  tC4?ntrjUbli%lt  f,  d.   Mu^l     Wh,  1H7I.    p  ft54^,  ( 

(Virchow'B  Archiv,  1873,  Bd.   Iviil,  liOil},  TbomHs  (C^ntm'  "    ":         M},  i 

no  mo  wr  i  tcr  i  tn  ill  n  tid  n ,  that  po  r**s ,  w  b  icb  i  h  py  be  I  i  (*  v  f  *  a  ru  i  ;  1 1  Wi 

the  chith&tiiil  ii&]\&  of  whitjii  ilns  wkIU  of  ibo  smullor  vea?<eb  tuu  <  '  <>-  «n)j 

hut  ibi^  roqti IroB  ('urthor  t'onSmiutlon, 
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A§  gooa  m  this  stage  is  reached,  viz.,  dilated  veins  with  retarded  circular 
lioij,  a  very  abundaDt  adhesion  of  colorless  bltHxl^corpusicle^  to  the  walls  of 
ihobe  reins  is  seeD  to  take  place  sooDer  or  later;  however^  if  the  injury  has 
oot  been  too  severej  the  veins  commence  al^  to  contract,  in  eonsenueoce  of 
wbich  the  bJood  current  becomes  quicker,  and  at  the  same  time  the  number 
of  adherent  colorless  corpuscles  diminkhes,  until  finally  the  normal  condi- 
tion is  re^^stabli^hed.  Now,  notwithstanding  there  have  been  temporarily 
pmant  the  condition  of  dilated  veins,  t;bwer  blood-eunent,  and  marked  ftd- 
amsm  of  colorless  blood -corpuscles  to  the  walls  of  the  vein^,  as  well  as  in- 
ctmmd  pres&ure  in  the  eapillarieH  during  the  dilatation  of  the  arterieSp  uo 
colored  or  cjilorless  corpuicles  will  be  eeen  to  pass  through  the  walls  of  the 
irendb;  on  the  other  hand,  by  proc^eediugs  adupl^jd  tu  produce  physical 
chaiigsi  111  the  relations  of  the  walb  of  the  vessels  to  the  blood,  an  abun- 
dant emigration  of  the  white  wirpu^'les  can  be  produced  almost  at  will. 
Thus^  Strieker  and  Prussuk  have  both  shown,  that  after  the  subcutaneous 
Injec'tion  of  a  small  quantity  of  a  ten  per  cent,  solution  of  couiiuon  salt, 
under  the  skin  of  frogs  and  rabbits,  a  condition  of  the  vessels  is  produced  in 
which  the  red  corpuscles  readily  escape  from  the  vessels ;  the  same  occurs 
when  the  main  vein  of  a  limb  is  tied;  and  these  observers  regard  the  diape- 
dfeiis  of  the  red  corpuscles  as  the  result  of  some  "active  condition  **  of  the 
espiilmy  wail^  a  view  that  Gihnheim  also  adopts,  whilst  Bastiau  attributes 
it  to  an  *'  active  condition,"  that  is  to  say,  to  amoeboid  movementa  of  the 
red  blood -corpuscles  themselves.  The  emigration  of  the  white  corpuscles 
may  also  l»e  readily  witnessed  in  the  mesentery  of  a  frog  inflamed  by  mere 
cxpc^ure  to  air;  under  such  circumstances  the  white  corpuscles  accuniulate, 
apply  themselves  to  the  sides  of  the  vessels,  where  they  either  i-emain  sta- 
tionary or  aJowly  oscillate.  In  a  little  while  munW  colorless  projections  are 
seen  on  the  outer  surface  of  the  vascular  coat.  These  subsequently  become 
pyriform,  and  ultimately  detach  themselves  from  the  vessels,  appearing  as 
aobrlesa  contractile  am*x*boid  corpuscles,  with  oue  or  several  nuclei;  the 
whole  process  being  accH>mpli?:hea  in  from  one  to  two  hours/  That  the 
pres^c^nce  of  white  corpus les  iu  large  iHimbers  in  the  ti.swsues  is  not  sufficient 
to  constitute  suppuration  k  shown  w^ell  in  the  remarkable  experiments  oi 
TarchanaflT'  tip«jn  the  effects  of  wo<.>rara.  Ou  placing  frogs  under  the  influ- 
ence of  this  poison,  he  found  that  the  number  of  white  corpuscles  in  the 
blood  underwent  great  diminution,  whilst  the  proportion  of  the  red  increased*^ 
The  white  corpuscles  were  found  to  be  accumulated  in  the  tissues  and  in  the 
lymphatic  vessels  and  sacs,  which  last  were  distended  with  lymph.  These 
'  effects,  which  must  be  admitted  to  modify  the  statements  of  Goltz  (see  §  155), 
M.Tarchanoflf  attributes  to  augmentation  of  blood* pressure,  owing  to  paraly- 
sis of  the  vaso-motor  nerves,  leading  to  dilatation  and  freer  current  of  blood 
through  the  smaller  arterie.^,  and  to  repose  of  the  muscles,  and  arrest  of  the 
contractions  of  the  lymphatic  hearts;  yet,  notwithstanding  the  exodus  of  the 
white  corpuscles,  no  suppuration  resulted,  and  on  the  animals  recovering 
from  the  effects  of  the  woorara,  the  white  corpuscles  quickly  disappeared 
from  the  tissues^  whilst  the  lymph* sacs  returned  to  their  normal  condition/ 


*  S^e  Cornll  and  Rangier,  Manuel  d'HUtologle  Fnthologique. 

*  Tarchanuff,  Archives  de  Pbyaitilogio,  1875,  p.  83.  ijee  nlso  Droadoff^  Journwl  de 
1ft  M^.  Miht.,  1872. 

^  The  proportion  of  red  to  white  in  a  cubic  millimetre  in  a  hentthy  frog  was  as 
200,37&:  10,412;  in  n  ciiniri*i?d  froi^  it  wm  614,43(^*5751*  in  the  mme  -juMnlily. 

*  Tmrchtinotr*  exppritnonU  wrc,  ha  he  himM«lf  puintjs  out,  in  accord  with  p'revioui 
oWrvnlionN  of  Pnschulinj  to  tho  effect  thnt  woo ni fh  ea uses  an  augmentntion  of  lymph 
(I^udwig'ft  Arbeilenf  1S72,  p,  1&7),  of  GenersicSit  tliat  muscuUr  movements  fuTur  the 
flow  of  the  lymph  through  the  lymphiilics,  of  lUnvier  (Comptet  Rendus,  Dec.  20tb, 
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In  some  ifistance^  the  purl  form  fluid  appears  as  a  (limrharffa  on  llie  mirfkceof 
the  nienihrane^  as  of  the  Urethra  in  Oonorrhix^a,  or  of  the  CV>iijiim*tivji  in 
Purulent  Ophthalmia;  in  others  it  apj^ears  In  the  suhstanee  nnd  betwertt 
the  ultimate  lextural  components  of  the  ti^ues  them*e!ve^,  and  then  rotwti* 
tiite!§  an  absceiis.     The  anatomical  ehanges  IJiat  take  place  id  a  very  wp11*c]i^  1 
fiued  though  small  abscess,  that  namely  of  the  small-pox  pustule^  finvf!  hrtn] 
made  the  subject  of  special  estudy  by  Dr.  Klein/  and  his  ob:*ervtttion«  ►hovj 
that  the  principal  seat  and  origin  of  the  changes  occur  on  etther  jKificr  »(  tht] 
well-defined  line  which  separates  the  rete  Malpighii  from  the  v^a^-cular  twiml 
forming  the  papillary  layer,  the  inflammation  being  apparently  excit^-iL  f»r  i 
at  least  accompanied  by  the  development  in  the  fine^st  lymphati<*»  of  a  kiuij 
of  fungu^i,  consisting  of  a  feltwork  of  delicate-branched  filaoietiti^  givia 
aernHpores  or  conidia  at  the  growing  ends,  like  the  fungi  of  the  pi*ntrif 
group,  and  which  may  be  regarded  either  aa  resulting  from  the  develnf 
of  the  poisonous  agent  to  which  the  whole  series  of  phenofjieiia  h  duej 
iome  fungoxd  vegetatinn   introduced   from  without  and  developing  at  »M«1 
spotj  because  the  conditions  are  favorable,  coincidently  with,  or  vety  sooaj 
afler  the  appeamnce  of  the  mycelium.     The  celU  of  the  rete  rapidly  gernii-| 
nate  aud  some  enlarge,  become  vacuolated,  and  unite  with  others?  to  fom\ 
cysts  and  cavities.     The  cysts  are  at  first  filled  with  clear  flui<t  aud  gramtlc 
but  subsequently  with  pus-cells  and  germinating  funguj?.     Similar  ehanpaj 
take  place  in  the  t*orium,  and  the  wh^e  tissue  becomes  intiltrated  with  kn-\ 
cocytes.     When  such  a  small  ab&ccf^  as  this  bun?t?,  or  when  the  di>char 
from  the  surface  is  accompaDied  by  Sfjftenlug  atid  break iiig^nwii  of  the  tulj 
jacent  tissues,  an  i*^wr  is  produced;  but  whether  the  di>'  ^-m^ 

are  entirely  removed  by  aV^rption  f  having  previously  u:  .;  de- 

generative softening  which  is  requisite  for  the  occurrence  of  *tR  h  pract 
whether  they  are  broken  up  and  tUsjsolved  iu  th^  purulent  fluid,  i^  a  [ 
not  yet  determined.     The  mnsertfative  nature  of  the  fibrinous  exudaiton,  an 
the  consequent  importance  of  fibrin  as  an  element  of  it,  are  wfll  kIiowu  hr J 
the  rejaultc  of  its  deficiency.     Thus  if  there  be  no  "sac**  formed  arounii  ft| 
CO  I  lection  of  pus,  this  fluid  infiltrates  through  the  tissues^  ami  hy  lu  men 
presience  so  impairs  their  nutritioo,  that  a  corresponding  degradatiou  takeil 
place  in  the  ch  a  meters  of  the  plastic  material  furnished  for  their  ai«imilii*j 
tiou  ;  and  hence  the  purulent  effusion  spreads  without  limit,  and  the  tissuti 
through  which  it  percolates  undergo  nipid  degeneration.     So »  again »  wijpo  1 
gangrene  is  spreading  by  contiguity  (the  proximity  of  the  dead  li!«u€  temi*] 
me  to  lower  the  vitality,  and  even  to  occasiou  the  deaths  of  that  with  whiclij 
it  IS  continuous),  it  is  only  when  an  inflammatory  **  reaction'*  occurw,  or  ml 
other  words,  when  a  development  of  fibrinous  lymph  take*  place  In  the  alb- j 
Btance  of  the  tissues  bordering  on  those  which  have  lost  their  vitality,  thu\ 
a  line  of  demarcation  between  the  dead  and  the  living  imrt^  ie*  forme*!. 
And  generally,  it  may  be  said,  that,  as  the  ultimate  teudency  of  luflaaiiax* 
tian  IS  to  jvroduee  the  disintegration  of  the  part,  the  ultimate  tendency  **(  ihf  j 
fibrinous  material  developed  is  to  keep  its  elements  together,  and  t**  repair 
the  los8€B  which  have  taken  place,  although  with  a  very  inferior  timieriiu.— 
It  is  only,  however,  with  the  subsidence  of  the  inflammation^  and  the  return 
to  the  ordinary  type  of  nutrition,  that  the  highest  developmeut  of  the  lyninh 
CEQ  take  place;  and  it  is  in  propcrtiou  m  tfait  occurs  more  speedily ,  thtt  j 


186^),  and  Emmrngbaud  {Ludwig'e  Arbeiton,  liT4)j  ihat  section  of  t)i«  ni^rvAtaf  » 
*  litiih  tucrcicis6  the  flow  of  lympb,  and  fi^tlyf  of  Hammnrsitin  4  Ludwig'«  Arbeit«o, 
I872j,thiit  dogs  from  which  much  lymplj  bn*  been  withdrawn  contain  utargeri 
of  oxygen  In  their  blood. 
,    *  See  Dr.  isanderson'^  L«ctiire»)  Britbh  Med.  Journal,  187a,  p,  405, 
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the  recovery  of  the  organ ization  proper  to  the  part  is  more  completely  ef- 
fected.' 

378.  In  persons  of  that  peculiar  constitution,  which  is  termed  Scrofulous 
or  Srumous,  we  find  an  imperfectly  organ izable  or  cacoplastic  deposit,  known 
by  the  designation  of  Ihihercular  matter,  frequently  taking  the  place  of 
the  normal  elements  of  tissue;  both  in  the  ordinary  process  of  Nutrition, 
and  still  more  when  Inflammation  is  set  up.  A  distinction  must  be  drawn 
between  the  condition  known  as  acute  Tuberculosis  and  Phthisis,  the  latter 
being  only  one  of  the  manifestations  of  the  former.  In  Tuberculosis  the 
adenoid  tissue  so  extensively  distributed  through  the  body  takes  on  new 
growth ;  the  cells  of  which  it  is  composed  proliferate,  and  swellings  and 
thickenings  of  the  tissues  composed  of  small  cells  and  nuclei  appear.  In 
the  latter  stages,  the  cells  are  of^en  separated  by  an  amorphous  or  somewhat 
fibrous  intermediate  substance,  and  by  their  multiplication  and  pressure  lead 
to  occlusion  of  the  vessels,  and  their  own  caseous  degeneration  and  softening. 
The  history  of  the  formation  of  Tubercles  in  the  lungs  and  other  organs  is 
esBentially  similar;  it  appears,  in  the  first  instance,  to  be  a  kind  of  metamor- 
pboBis  of  the  ordinary  Nutritive  process;  and  in  this  manner  it  may  proceed 
insidiously  for  a  long  period,  so  that  a  large  part  of  the  tissue  of  the  lungs 
diall  be  replaced  by  tubercular  deposit,  without  any  other  ostensible  sign 
than  an  increasing  difficulty  of  respiration.  In  the  semi-transparent,  mil- 
iary, gray,  and  tough  yellow  forms  of  Tubercle,  we  find  clear  evidence  of 
oigamzation  in  the  early  stages  in  the  form  of  cells  and  fibres,  more  or  less 
obvious  ;  these  being  sometimes  almost  as  perfectly  formed  as  those  of  plastic 
lymph,  at  least  on  the  superficial  part  of  the  deposit,  which  is  in  immediate 
relation  with  the  living  structures  around ;  whilst  they  may  be  so  degenerated 
as  scarcely  to  be  distinguishable.  In  no  instances  do  such  deposits  ever  un- 
dergo further  organization ;  and  therefore  they  must  be  regarded  as  caeoplas- 
tic  The  larger  the  proportion  of  this  kind  of  matter  in  a  tubercular  de- 
posit, the  more  certainly  does  it  compress  the  bloodvessels  of  the  part,  and 
by  cutting  off  the  supply  of  nourishment  lead  to  its  own  death,  and  conver- 
sion into  cheesy  matter,  the  surrounding  lung-tissue  almost  always  under- 
going more  or  less  fibroid  change. — Thus  it  may  now  be  held  as  established 
with  certainty  that  Tubercular  matter  is  always,  even  in  its  most  amorphous 
state,  a  pnxluct  of  cell -formation  ;  and  that  the  difference  between  the  amount 
of  organization  which  its  several  forms  present,  is  due  rather  to  a  variation  in 
the  degree  of  its  subsequent  degeneration,  than  to  an  original  diversity  in 
histological  condition.^ 


*  The  Author  has  pleasure  in  rcferrinjif  to  Mr.  Paget's  Lootures  on  Surgical  Patliol- 
ogy  (veil.  i|,  as  containing,  in  his  opinion,  the  bcbt  exposition  of  the  subject  of  In- 
flammation yet  made  public;  and  in  acknowledging  his  obligations  to  tln*ni  for  much 
assistance  in  the  short  view  of  it  given  above. — The  fundamental  doctrines  on  which 
the  Author  would  lay  the  greatest  stress,  however,  are  the  same  in  till  esHmtiul  par- 
ticulars with  those  which  he  taught  in  the  earlier  editions  of  this  Treati-^e.  An  ex- 
cellent account  of  the  general  phenomemi  and  pathology  of  Inflanimation  has  been 
written  bj'  Mr.  Simon  in  Holmes's  System  of  Surgery,  vol.  i,  p.  i.  The  int<«re.«ting 
paper  of  Mr.  Lister,  On  the  Early  Stages  of  Inflammation,  in  the  rhilosophical 
Transactions  for  1858,  will  also  well  repay  perusal.  The  work  of  Virchow,  Cellular 
Pathology,  translated  by  Dr.  Chance,  contains  a  full  account  of  the  views  of  this 
author  on  the  pathology  of  Inflammation.     (See  chajis.  viii  and  xvii.) 

*  See  Mr.  Paget,  in  the  Pathological  Catalogue  of  the  Hunterian  Museum,  vol.  i, 
p  184;  also  Dr.  Madden's  Thoughts  on  Pulmonary  Consumption.  The  subject  of 
the  nature  and  affinities  of  Tubercle  will  be  found  intere>tingly  given  by  Dr.  Southey, 
in  the  Gulstonian  Lectures  for  1807;  and  the  question  of  its  inoculability  has  been 
the  topic  of  discussion  in  the  Parisian  Academy  of  Medicine  for  nearly  two  years 
past.  Although  it  can  be  scarcely  said  that  any  definite  conclusion  can  be  drawn, 
the  preponderating  opinion  appears  to  be  in  favor  of  its  inoculability,  especially  in 
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379.  But  althougli  Tubercular  matter  niav  be  slowly  aod  ir,    ' 
ptisited,  by  a  kiuti  of  degratiation  of  the  ordinarr  Nutritive  ] 
ran  not  be  doubtt?ct  that  Iiifiammatioo  has  a  great  t£'i»den(\y  to  Uvur  a;  ^ 
that  a  larger  quantity  may  he  pnKluoed  in  the  lungs  aft«^r  a  pii^iimimm  hjw 
exii^ted  fur  a  day  or  two,  thau  it  would  ha%^e  re«|uired  years  to  gmjfnittf  ro 
the  previous  mode.     But  the  character  of  the   deposit   still    remairw  thf 
same;  aud  its  relation  to  the  plastic  element  of  the  blood  is  shown  by  Uh-  in- 
tt-rej^ting  fact,  of  no  un frequent  occurreiiee, — that  m  a  Fueumotita  atfpinifig 
a  tuberculous  subject^  plastic  lymph  m  often  throwc  out  in  one  part  whik 
tuberculBr  matter  is  depmited  in  another.     Now  luHammation^  prtidudji^ji 
rapid  deposition  of  tubcrt-ndar  matter,  is  peculiarly  liable  to  arii^rtp  in  cirgam 
which  have  been  previously  affected  with  chronic  tubercular  depd^^iu  by  m 
impairment  of  the  process  of  texlural  Nutrition ;  for  these  de[.Ki?<it5,  urtiug 
like  foreign  bodies,  njay  of  them^lves  become  sources  of  irritatinn  ;  and  (he  , 
perversion  of  the  struct  tire  and  functions  of  the  part  rendeni  it  p^euhftrlyj 
Busceptible  of  the  influence  of  external  morbific  causes. 

380*  We  frequently  meet  with  abnormal  growths  of  a  Fatty,  C\irlilfi*rim*ii*J 
Fibrcjus,  or  even   Bony  structure;  which   result  from  the  df  ^  '  <)f| 

tbe.se  tissues  in  unusual  situations,  and  appear  to  originate  to  f^^  rtedj 

actiou  of  the  parts  themselves  (§§  355,  376). — But  there  U  aooilier  f^*ij»rk*" 
able  form  of  dir^ordered  Nutrition,  which  is  concerned  in  prtdncing  wji 
have  been  termed  hdf^rolvffom  growths— that  is^  masses  of  tiswtue  that  i 
in  character  from  any  vvhieh  is  normally  present  iu  the  body.  Mn**t  ut 
are  included  under  the  general  designation  of  Cnnctroti^  or  Fitu^ftm  -^iruc* 
turcs;  and  it  has  been  shown  by  Miiller  and  succeed injj  inquirer?^,  thai  iht*. 
new  growth  consists  of  a  mass  of  cells;  which  like  the  Vegetable  Fungi,  dfrj 
veh>p  themselves  with  great  rapidity;  and  which  di^troy  the  surniuo*tiiigl 
tissues  by  their  pressure^  as  well  as  by  abstracting  from  the  Bk»o«l  tie  I 
nourishment  which  was  destined  for  thera.     These  paraisitic  m  '    \vi^\ 

completely  independent  power  of  growth  and  reprnduc-rion;  ai»  mU\ 

of  them  can  be  propagated  by  hioccktion,  which  *,H>n%^eys  int*-  -  tif  I 

the  animal  opemted  on,  the  germs  of  the  peculiar  cells'  that  .  dn»  [ 

morbid  growth,  these  eoon  developing  themselves  into  a  new  miiM.  in^  it 
may  be  by  the  diffusion  of  the  germs  prndnced  in  one  part,  tbrongb  th« 
whole  fabric,  by  means  of  the  circulating  current ,  that  the  tendency  tu  ra»j»* 
pea ranee  (which  is  one  great  feature  in  the  malUjmini  clmractcr  of  ihe>eiii*- 
eases)  is  occasioned.  But  it  would  seem  more  probnble,  that  this  rhamcttfr 
rather  dei.>ends  upon  the  presence  of  a  morbid  matter  in  the  IrlcMxl,  uf  nhirli 
the  formation  of  the  Cancerous  tis.<ne  is  only  the  nuinitU^tation  ii  XU)  nf^*!? 
the  local  disease  thus  being  the  consequence  of  a  constitutional  cachpiii» 
rather  than  the  constitional  a^ection  the  result  of  the  liHral  disease.* 


mbbita^  m  ^l4ited  In  the  first  instance  by  M*  Tillemta.     It  jb  eerlnin  th»t  *mill  ^ 

llclcij^  of  lufierculauB  iiialter  intn^diiffd  ber^ciith  llie  skiii  of  tUi^h.  '  '   ■ 

travel   niofig  the  lytiiph«tk's^  Mtf**ct  the  isUurd*,    iind   tiivncf*  |i. 

thruui^h  th«  iMKiyj  but  rabbits  uppriir  tij  bw  wty  liwblr  to  tM*-  - 

«D<1  U  liHs  been  found  ihal  muuy  otber  niftleruils  be-ldoA  iu 

duf(.*d  kmd  to  the  forrntuif^n  of  tubt*rf.'Us  or  mu^^e?  wliic  h  rnr»h 

tubcrek,     EiprrlmentH  on  other  nnimRb,  though  Shometitm^*  Mieee«^: 

upon  tbc  whoJe  less  sati^f!ien»ry.     See  ChnuveHU  in  Rufiori  ot  tin*  sr, 

tbo  French  Afstw?.  for  thi*  Advrtnt"«  of  Science  ;  Henngj  HwtologUthe  and  t*.)* 

mom  Smdien  fiber  der  Tnb^reiilosis,  187*J. 

1  See  Dr.  Wfil»he  on  The  future  imd  Tmatmeni  of  Cftnt-er  ;  Sir,  Si 
Fntbolo^y,  Loot.  viH;  Mr.  Pti^t'L*8  Ltcture^  on  ^uriricul  Pwibidugyt  *" 
nnd  the  dhcusaiun  i>n  Cuncer  in  tbc  Pjitbulogit'ttI  Societv,  rep*>ried  in  L*  . 
1874. 
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CHAPTER  XL 


OF  SECRETIOK   AND  KXCBETION, 


1,   Of&crethn  in  GeneraL 

381.  The  literal  meaning  of  the  term  Secretion  is  sqfmratwn;  and  this  is 
nearly  its  true  acceptatiou  in  Physkilogy,  But  the  ordinary  procei^BPs  of 
Kutrition  involve  a  sep^iration  of  certain  of  the  eomponenta  of  the  Blood, 
which  are  withdrawn  frtim  it  by  the  appropriating  power  of  the  eolid  tex- 
tures; and  every  eueh  removal  may  be  txmgidered  in  the  light  of  an  act  of 
ercreiioH^  go  far  as  the  blood  and  the  rest  of  the  organism  are  concerned 
(I  218),  Moreover,  the  aeparation  of  certain  matters  from  the  blood  in  a 
fluid  s^tate,  either  for  the  purpose  of  being  cast  forth  from  the  body,  or  of 
being  emphjyed  for  some  *^pecia)  purpose  within  it.  which  constitutes  what 
w  ordinarily  known  a^  Secretion »  is  effected  by  an  instrumentality  of  the 
same  nature  with  that  whose  operation  consiituteas  an  essential  part  of  the 
nutritive  process,  namely,  the  production  and  sub^CjUewt  agency  of  cell  a* 
Hence  there  h  no  other  fundamental  difference  betvveen  the  two  processe^i 
tJmn  &uch  a^?  arij?es  out  of  the  diverse  deMinaiHWJif  of  the  separated  matters, 
and  rn>m  the  anatomical  arrangements  which  respectively  minister  to  these. 
For  the  products  of  the  Secreting  action  are  all  poured  forth,  either  n|Km 
the  external  surface  of  the  l>ody,  or  upon  the  lining  of  some  of  the  cavities 
wliirb  communicate  with  it ;  and  the  cells  by  which  they  are  separated  from 
the  blood,  usually  stand  in  the  relation  of  epithelium-cells  to  those  prolonga- 
tions of  the  skin  or  of  mucous  membranes,  that  form  the  follicles  or  extended 
tubuli  of  which  the  Glandular  organs  are  for  the  most  part  composed  (Figs. 
16*\  172).  The  act  of  Secretion  appears  to  consist,  in  some  cases,  in  tne 
successive  production  and  exuviation  of  the  cells  which  minister  to  itj  these 
cell!?  giving  up,  by  rupture  or  deliquescence,  the  substances  which  they  have 
©liminaled  from  the  Wood  j  such,  for  example^  appears  to  be  the  mode  of 
separation  of  the  Sebaceous  secretion  of  the  skin^  of  the  Mucous  secretion  of 
mucous  membrnnes,  of  the  secretion  of  Milk,  and  perhaps  also  of  the  Biliary 
aecretion.  On  the  other  hand,  there  can  be  little  question  that  those  more 
lic|nid  secretions,  in  which  there  is  either  very  little  solid  matter  (as  is  the 
case  with  the  Cutaneous  transpiration  and  the  Lachrymal  fluid),  or  in  which 
the  solids,  though  in  larger  amcjunt,  are  in  a  state  of  such  perfect  solution 
as  to  be  capable  of  easy  transudation  (as  is  the  case  with  the  Urine),  arc  not 
formed  in  this  mode  j  since  neither  are  exuviated  cells  normally  found  in  the 
secreted  fluids,  nor  do  the  epithelial  cells  lining  the  glandular  tubes  or 
follicles  present  indications  of  being  in  a  state  of  continual  change.  Still, 
even  in  these  cases,  it  seems  fair  to  conclude  that  the  sekctive  powers  of  the 
gl&nd-celU  are  employed  in  drnwing  from  the  blood,  on  one  side,  the  special 
products  which  are  to  beset  free  by  transudation  on  the  other.  Each  group 
of  cells  is  thus  adapted  to  separate  a  product  of  some  particular  kind,  which 
constitutes  its  special  pahulum ;  and  the  rate  of  its  production  seems  to  de- 
pend, vtFt^rU  par  thus,  upon  the  amount  of  that  pal>ulum  supplied  by  the 
circuiaf iug  fluid.  The  substances  at  the  exjiense  of  which  the  secreting  cells 
grow,  however*  may  not  be  precisely  those  which  are  subsetjuently  cast  forth; 
for  it  19  very  probable  that  some  of  them  at  least  undergo  a  certain  degree 
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of  chemical  Iran  ^format  ion  by  the  agency  of  them  celU;  the  chinic<itiiie| 
matenali?  of  the  several  secretiou^  uot  beiDg  always  found  to  pr^^xiil  #1 

each  m  the  bhxtd, 

382,  A  dii^tiuction  may  be  drawn  as  regards  thb  }mnU  betwwD  iboicl 
£itcrefimh'i,  the  retention  uf  whose  niaterials  tn  ihe  Blo*)d  would  be  fmHiireif  ] 
injiiridu^,  and  iho^  Seeretiofjis^  whifh  are  destined  ibr  partiful^r  poff^^sai 
within  the  system,  and  the  i^uspenmon  of  w^hrch  has  no  iniuiediato  iniSoeo^ttl 
on  any  other  iuneliouii  than  those  for  whieh  they  are  respect i' 
The  mUd  matter  diseioived  In  the  fluids  of  the  hiiter  cla^,  h  ' ' 
a  portion  of  the  nutritive  coai*titnenis  of  the  Bloixi ;  either  *• 
as  still  to  retain  itii  nutritive  character,  xis  is  the  C4i^  with  the  ^  * 
and  with  tbe  albuminona  constituent  of  the  serous  fluid  of  aireoUr  Li»ue  inj 
of  serous  and  synovial  membranes;  or  in   a  state  of  incipient  r\'ir«»gra4t 
inetamorphosi^,  as  seems  to  be  the  case  with  the  |>ecuJiar  **  fermeui><*'  of  th# 
iativaryj  gastric,  pancreatic,  and  ititestinal  secretions.     On  the  utlnr  lunl' 
the  characteristic  ingredients  of  the  Excretions  are  very  different  i 
ter  from  tbe  normal  elements  of  the  bloorK     They  are  all  of  ilieni  coj..j., 
itnorganl?^ble ;  and  they  jjossegs,  for  the  most  part,  a  simple  atomic  e^ 
tution.     Some  of  them  also  have  a  tendency  to  assume  a  crystal  lint*  f 
which,  as  Dr.  Prout  justly  remarked,  indicates  their  ttntitne^^^  to  enter  iotol 
the  composition  of  organized  tissues.     With  regard  to  some  of  the  thief  of  i 
the^,  there  is  sufficient  evidence  of  their  existence,  in  small  quanitty.ia  lli« 
circulating  Bhwd ;  but  it  is  also  clear  that  they  exist  there  as  pi 
decomposition,  and  that  they  are  destined  to  be  separated  from  it  li 
as  possible.     If  their  separation  be  prevented,  they  accumulate*,  auii  tvui-i 
munieate  to  the  circulating  fluid  a  positively  deleterious  character.     ♦  'f  ihii 
we  have  already,  seen  a  striking  example  in  the  ca§e  of  Asph;. 
and  the  history  of  the  other  two  principal  Excretions,  the  Bn 
will  furnish  evidence  to  the  same  etf'ect.™As  a  general  fact,  then,  it  ami'  Wl 
affirmed,  that  the  materials  of  the  iH'oper  Excrelinud  pre-exist  In  \h^'  HK«?*i 
in  a  »tate  nearly  resembling  that  in  which  they  are  thrown  off  bv  *i 
itig  or^ns ;  and  that,  as  their  pre^sence  there  is  the  result  «f  the  di> 
change  that  have  taken  place  in  tbe  system,  they  cannot  bt*  rt^tainrd  la  il  ( 
without  injury ;  but  that  the  materials  of  those  ^ecretiona  which  are  dt-sitiHed  ' 
to  perform  tjome  particular  function  within  the  economy,  ana  iierived  liit*ai 
the  nutritive  substances  whieh  are  appropriated  to  its  general  purptftM-t.        i 

383-  Notwithistanding  that,  under  ordinary  circumslaut^e^,  tiie  !»evertl 
parts  of  the  Excretory  apparatus  are  limited,  each  to  iia  own  sfierial  fuae-  < 
lion,  we  find  that  there  are  certain  fomju/rm*rii^i/r^  relations  l^etwce^  them, 
which  makes  the  action  of  one  vicarious  to  a  certain  extent  with  th«t  of 
another.  Buch  a  relation  seems  to  exist,  for  insitance,  between  the  Luagb  on 
one  side,  and  the  Liver  and  Intestinal  glandulie  on  the  other;  for,  the  luore 
active  the  respiration,  the  lese  bile  is  eec rented ;  whilst,  if  tbe  respiratioa  be 
lowered  in  amount  by  inactivity  of  body  and  a  high  external  tcrjip^ralare,* 
larger  proportion  of  unoxidlKed  or  imperfectly  oxidiiced  excrementition*  ai«h 
ters  aceumulatea  in  the  blood,  giving  rise  to  that  augmented  p renin ct ion  both 
of  the  biliary  and  of  the  fecal  excretions,  which  constitutes  diarrho^a.^  Atwl 
tbus»  on  the  other  hand^  when  the  liver  is  not  adequately  etfecling  the  dep«i" 
ration  of  the  blood  from  the  constituents  of  bile,  an  augmentation  of  ^« 
respiration  by  active  exercise  in  a   low  temperature  gives  most  i-iTinHiiii 


»  8ueh  IS  pfQliably  the  oecjision  of  the  **  hilfoui  ftttacbi  '^  and  **  MutuinEiiil  cWlfrg,"  I 
po  prevfcleat  At  the  i^lo&e  of  the  summer  \  Iht*  «ubject»  of  thesu  being  ni«>8l  r*H!iiii4iiity  I 
|»crfiona  who  huve  not  reduced  thwir  coneumption  uf  food  during  thu  wjtrm  m^mjo,  m  I 
ticeordance  with  the  dimlntsbed  demand  fur  tho  produrtiiia  of  nent  wilhln  t^e  bod;. 
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relief. — Still  more  obviously  vicarious,  however,  are  the  Kidneys  and  the 
Bkin  ;  for  here  we  find  that  not  only  do  the  kidneys  allow  the  transudation 
of  whatever  superfluous  water  may  remain  in  the  circulating  current,  after 
%  sufficient  amount  has  been  exhaled  from  the  skin  to  keep  down  the  tem- 
perature of  the  body  to  its  normal  standard,  but  the  skin  actually  assists  in 
the  elimination  of  one  of  those  products  of  the  metamorphosis  of  the  azo- 
tised  tissues,  the  removal  of  which  has  been  until  recently  considered  as  the 

Secial  function  of  the  kidney.  Consequent Iv,  whenever  the  due  action  of 
e  skin  as  an  excreting  organ  is  interfered  with,  it  is  the  kidney  especially 
that  will  be  called  on  to  take  its  place ;  whilst,  on  the  other  hand,  if  it  be 
thouebt  desirable  to  relieve  the  kidney,  this  may  be  most  effectually  done 
bj  stimulating  the  skin  to  increased  excretory  activity.  This  vi^ariousness 
of  Ibnction  among  the  Excretory  organs  presents  itself  far  more  remarkably, 
however,  in  certain  states  of  disease;  in  which  a  complete  ''metastasis  of 
■ecretion"  may  exhibit  itself.  The  capability  of  one  organ  thus  to  take 
DpoD  itself  the  special  action  of  another,  appears  to  be  related  to  the  *'  com- 
munity of  function  "  existing  in  the  secretory  surface  among  those  lower 
animals,  which  manifest  none  of  the  "  specialization "  or  setting  apart  for 
particular  offices,  that  we  see  in  the  higher ;  for  it  seems  to  be  a  general  law 
in  Physiology,  that,  even  where  the  different  functions  are  most  highly  spe- 
dalized,  the  general  structure  retains,  more  or  less,  that  primitive  com- 
munity of  action  which  characterized  it  in  the  lowest  grade  of  development.* 
384.  It  is  in  regard  to  the  Urinary  excretion,  that  the  evidence  on  this 
point  is  most  complete ;  for  it  seems  to  be  established  by  a  great  mass  of 
observations,  that  urine,  or  a  fluid  presenting  its  essential  characters,  may 
pass  off  by  the  mucous  membrane  of  the  intestinal  canal,  by  the  salivary, 
lachrymaf,  and  mammary  glands,  by  the  testes,  by  the  ears,  nose,  and  navel, 
by  parts  of  the  ordinary  cutaneous  surface,  and  even  by  serous  membranes, 
snen  as  the  arachnoid  tunic  lining  the  ventricles  of  the  brain,  the  pleura,  and 
the  peritoneum.  A  considerable  number  of  such  cases  was  collected  by 
Halfer;'  many  more  were  brought  together  by  Nysten  ;'  and  more  recently 
Burdach*  has  furnished  a  full  summary  of  the  most  important  phenomena 
of  the  kind ;  and  Dr.  Laycock*  has  compiled  a  valuable  collection  of  cases 
of  urinary  metastasis  occurring  as  complications  of  hysteria.  The  following 
table  of  cases  referred  to  by  the  last  of  these  authors,  will  give  some  idea  of 
the  relative  frequency  of  the  different  forms  of  this  curious  affection  : 


Vomit,  i 

Stool. 

Ears. 

Eyes. 

Saliva. 

Nose. 

Maiumte. 

Navel. 

SIcin. 

Total. 

34     1 

1 

20 

4 

4 

5 

3 

4 

1 

!      ^^ 

17 

126 

It  is  to  be  borne  in  mind,  however,  that  cases  of  hysterical  ischuria  are 
frequently  complicated  with  that  strange  moral  perversion,  which  leads  to 
the  most  persevering  and  ingenious  attempts  at  deceit ;  and  there  can  be 
little  doubt  that  a  good  many  of  the  instances  on  record,  especially  of  urinous 
Tomiting,  are  by  no  means  veritable  examples  of  metastasis. — The  proofs  of 
the  fact  we  are  seeking  to  establish  are,  therefore,  much  more  satisfactory 
when  drawn  from  experiments  upon  animals,  or  from  pathological  observa- 
tions, about  which,  from  their  very  nature,  there  can  be  no  mistake.     Thus 

»  See  Princ.  of  Comp.  Phys.,  §§  110,  428. 
■  Elemeitta  Physiologiae,  torn,  ii,  p.  370. 

*  Recherches  do  Physiologie  ct  de  Chimie  pathologiques,  p.  20r). 

*  Traite  de  Physiologic  (Jourdan's  trHnslation),  vol.  viii,  p.  248  et  scq. 

*  EJinb.  Med.  and  Surg.  Journ.,  1838;  and  Nervous  Diseases  of  Women,  p.  288. 
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Mayer^  fouDcl  that  when  tbe  two  kidneys  were  ei^tlrpftted  id  the  guitamffi^ 
the  cavities  of  the  peritoiieQm  and  the  pleura,  the  ventricles  of  the  I 

the  itomach^  and  the  inte.slinal  eanal^  contained  a  hrownij^h  lirfUTd  hi 
the  odor  of  urine  j  that  the  tears  exhaled  the  same  odor;  that  tlie  giUl- 
der  coQtained  a  brownish  liquid  not  regembling  bile  ;  and  that  the  te^U*,  ibr 
epididymis^  the  vai*a  defereufcia,  and   the  vesicula!  semii]ale.s  were  gorgrj 
with  a  liquid  perfectly  similar  to  urine.     Chirac  and  lielvetiui?  ure  tjuot*^ 
by  Haller  as  having  tied  the  renal  arteries  in  dogs,  itnd  haviti^j 
marked  that  a  urinous  fluid  was  passed  off  from  the  stomach  by 
A  remarkable  case  is  quoted  by  Nysten  from  Zevhmi,  in  which  a  y-^uiijj 
woman  having  received  an  incised  woutid  on  the  exterual  g«Dital>^,  ^ 
would  nut  heal,  tbe  urine  gradually  became  more  scanty^  until  none 
be  pa-ssed'even  with  the  assistance  of  the  catheter  j  at'  lust  dmpsy  i 
veoed,  with  sweats  of  a  uriuouij  odor,  and  vomiting  of  a  urinous  flui<i/wlti(di 
continued  daily  for  thirty-three  years  ;  on  poe^t-mortem  exuniination.  tbe  kid- 
neys were  fouikl  disorganized,  the  right  ureter  entirely  oblitcrat4Ml  and 
left  nearly  so,  and  tbe  bladder  contracted  to  the  siae  of  a  pigeon's  e^.— li^ 
flonie  other  iostaoceSt  the  urine  appears  to  have  been  secreted,  and  ib«n  vo 
absorbefl  in  consequence  of  some  obstructiou  to  it^  eKit  through  the  urLMft 
►  passages.     Thus  l^ysten  quotes  a  case  front  Wrisberg,  in  whicli,  the  tsnethfi 
having  been  partially  obstructed  for  ten  years  by  an  enlarged  prot?tai 
bladder  was  so  distended  as  to  contain  ten  pounds  of  urine  j  and  the 
of  the  pericardium  and  of  the  ventricli^  of  the  brain  exhaled  a  ui 
Oil  or     He  cites  other  instances,  in  which  tbe  presence  of  calculi  in  the 
der  prevented  the  due  discharge  of  the  secretion  ;  and  in  wl 
liquid  was  ejected  from  the  stomach  by  vomitings  or  was  di^chtu 
A  still  more  remarkable  case  is  recorded,  of  a  girl  born  withoyi  eitht?r  anof 
or  external  genitals,  who  nevertheless  remained  in  good  health  to  the  ag«  of 
fifteen  years,  pa.ssing  her  urine  from  the  nipples,  and  getting  nd  of  feal 
matters  by  vomiting.     There  are  cases,  moreover,  in  which  ii  would  Kvro 
that  the  mucous  lining  of  the  urinary  bladder  must  have  had  a  wjipcJJil 
p^>wer  of  secreting  urine;  tbe  usual  discharge  having  taken  place  to  the  etxl 
of  life,  when,  as  appeared  by  jwst- mortem  examination,  the  kidney »  werpw 
completely  disorganized  tliat  they  could  not  have  furni&bcd  it,  or  had  kya 
prevented  by  original  mal formation »  or  by  ligature  of  the  uretera,  from  4w- 
charging  it  into  the  bladder*     A  considerable  number  of  the^  h&vo  bw«i 
collected  by  Burdach*^     In  all  the  older  statementi^  of  tijis  kind,  there  tii 
deficiency  of  evidence  that  the  lluiila  were  really  urinous,  urea  not  hai 
been  obtained  from  them  by  chemical  analysis,  and  the  smell  having 
chiefly  relied  on*    The  urinous  odor,  however,  when  distinct,  h  prt*b*l 
nearly  as  good  an  indication  of  the  presence  of  tbe  most  characterLiiicowj' 
stitucnt  of  human  urine,  as  is  the  appearauoe  of  tbe  urea  in  its  iepiwid 
form.    The  passage  of  a  urinous  fluid  from  the  akin  ba^*  been  fWqnendT  ob- 
aervefl  in  coses  iii  which  the  renal  secretion  was  scanty;  and  the  crititil 
sweats,  by  which  attacks  of  gout  sometimes  tarminate,  contain  urutt-*  mid 
phosphates  in  such  abundance  as  to  form  a  powdery  depc^it  on  theBurfea. 
385.  The  metastasis  of  the  i?i7(ary  secretion  is  familiar  to  every  pmctitiooeT, 
as  being  the  change  on  which  jaundk^  is  dependent.     It  is  not,  hi*wew» 
every  case  of  yellowish -brown  discoloration  of  the  tissues,  that  we  are  u»io* 
pute  iiuch  discoloration  to  the  presence  of  biliary  matter;  and  wtj  ctn  o«lf 
sttfcly  do  so,  when  we  have  at  the  same  time  evidence  of  concurrtnl  obfttw* 
tion  of  tlie  biliary  apparatus.    The  urinary  apparatus  then  aifords  thu  pmpp 


I  ZBitichria  far  Phyablogie,  Bd.  ii,  p.  270. 


*  Ideal,  pp.  2^,2Si 
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chaoDel  through  which  the  biliary  matter  is  elimiDated  ;*  the  urine  becomes 
tinged  with  the  coloring  principle  of  bile,  being  sometimes  of  a  yellowish  or 
orange  hue,  and  sometimes  of  a  brown  color  with  a  considerable  sediment ; 
and  the  presence  of  the  most  characteristic  constituents  of  the  bile  has  been 
determined  in  the  urine.  The  same  result  presents  itself,  when  the  biliary 
duct  has  been  artificially  obstructed  by  ligature.  Other  secretions  have  been 
found  tinged  with  the  coloring  matter  of  bile :  thus  the  pancreatic  fluid  has 
been  seen  of  a  yellow  color  in  jaundice ;  and  the  milk  has  presented  not  merely 
the  hue,  but  the  characteristic  bitterness,  of  the  biliary  secretion.  The  cutane- 
ous transpiration  is  not  unfrequently  so  much  impregnated  with  biliary  matter, 
as  to  communicate  its  tin^e  to  the  linen  covering  the  skin ;  and  even  the 
sputa  of  patients  affected  with  bilious  fevers  have  been  observed  to  be  similarly 
colored,  and  have  been  found  to  contain  biliary  matter.  The  secretions  of 
serous  membranes,  also,  have  been  frequently  seen  to  present  the  characteristic 
hue  of  bile;  and  biliary  matter  has  been  detected,  by  analysis,  in  the  fluid  of 
the  pleural  and  peritoneal  cavities.  Biliary  matter,  however,  when  unduly 
present  in  the  circulating  current,  is  not  removed  from  it  by  the  secreting 
organs  alone ;  for  it  seems  to  be  withdrawn  also  in  the  ordinary  operations  of 
nutrition,  entering  into  combination  with  the  solid  tissues.  Thus,  in  persons 
afiected  with  jaundice,  we  find  the  skin,. the  mucous  and  serous  membranes, 
the  lymphatic  glands,  the  brain,  the  fibrous  tissues,  the  cartilages,  the  bones 
and  teeth,  and  even  the  hair,  penetrated  with  the  coloring  matter  of  the  bile, 
which  they  must  have  withdrawn  from  the  blood,  and  which  seems  to  have 
a  particular  affinity  for  the  gelatinous  tissues.  It  is  im])ossil)le  at  prasent  to 
say,  however,  to  what  extent  the  more  characteristic  ingredients  of  the  bile 
are  thus  withdrawn  from  the  blood  ;  for  the  presence  of  its  coloring  matter  can- 
not by  any  means  be  taken  as  an  indication  that  its  peculiar  retinoid  acids 
are  afso  incorporated  with  the  normal  components  of  the  tissues. 

2.   Th^  Liver. — Secretion  of  Bile, 

386.  The  Liver  is  probably  more  constantly  present,  under  some  form  or 
other,  throughout  the  entire  Animal  series,  than  any  other  gland.  Its  form 
and  condition  vary  so  greatly,  however,  in  difierent  tribes,  that,  without  a 
knowledge  of  its  essential  structure,  we  should  be  disposed  to  (juei^tion  whether 
any  identity  of  character  exists  among  the  several  organs  which  are  regarded 
as  Hepatic.  It  is,  in  fact,  the  presence  of  bile-secreting  cells,  that  must  be 
held  to  constitute  a  Liver  ;  and  these  may  be  scattered  over  the  general  lining 
membrane  of  the  alimentary  canal,  or  may  be  restricted  within  follicles  which 
are  formed  by  depressions  of  it;  these  follicles,  again,  may  be  multiplied  in 
some  particular  spot,  so  as  to  be  aggregated  into  a  mass,  or  may  be  extended 
into  long  tubes.  In  all  the  Invertebrata,  however,  the  Liver  is  obviously 
conformable  to  the  general  type  of  glandular  structures ;  the  hepatic  cells 
being  in  immediate  relation  with  a  basement-membrane,  and  being  dis- 
chai^ed  upon  a  free  surface.  This  will  be  readily  understood  from  an  ex- 
amination of  any  one  of  the  higher  forms  of  it,  such  as  that  presented  in 
the  liver  of  the  Crab,  which,  like  the  liver  of  the  Mollusca  generally,  is  a 
lobulated  glandular  mass,  formed  by  the  aggregation  of  a  multitude  of 
follicles  with  distinct  caical  terminations ;  these  follicles  discharging  their 
secreted  products  into  cavities  which  occupy  the  centre  of  the  lobules, 
whence  they  are  collected  by  the  ducts  which  convey  them  into  the  alimen- 
tar\' canal.  On  a  careful  examination  of  these  follicles  (Fig.  165,  p.  470), 
anj  a  comparison  of  the  size  and  contents  of  the  cells  at  the  bottom  and  to- 


>  See  J.  W.  Legg  in  St.  Barthol.  Hospital  Reports,  vol.  ix,  p.  ICl. 
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wards  ttie  outlet,  it  becomes  evldeot  that  the  cells  origioate  iu  tHf  fomu^f 
61  mat  ion,  and  gradually  inerease  in  shi^  n.4  theTi^l- 
vatioe  towards  the  latter.     It  is  al^j  to  li«?  ^iWrvoi  i 
that  the  cells  which  lie  deepest  in  the  citrnttt  ^i, ' 
h),  coDtalu  for  the  most  part  the  yelJo* 
matter,  which  may  be  regarded  as  the  pr 
iary  secretion  ;  but  as  they  iucrease  in  »ixjc,  tliere  j 
IS  also  an  in  crease  in  the  quantity  of  otl-glcihulcij 
which  they  contain  ic),  until  past  tJie  ntiddle 
the  follicle,  where  they  are  found  full  of  oil^  gnail 
to  have  the  apjiQarauce  of  ordinary  fat -eel  l»  ('4«)v| 
From  this  it  hap|>eDS,  that  when  aa  entire  i^six'uiDiil 
examined  microsropically,  m  lower  half  app^f*! 
filled   with  a  finely-g»**^'^'ji^*^  matter,  inrrrmia 
with  nucleated  particic^  ;  aod  the  upper  half  i" 
miL^  of  ftit-cells,  who?ie  nuclei  are  ob?;rnrod  " 
oily  particles.^— ^In  vertebmted  anlmaU.  the 
seeujs  to  be  const rticied  upon  a  similar  plaa.| 
c*>mpoDent  celb,  which  have  not  been  prof 
po^e«g  a  definite  cell-wall,  are  satHI  conlaincrf  ml 
nbttnct  c«eal  follicles  or  clongatcHl  tubuli  branrii 
iug  off  from  the  excretory  ducta;  but  in  aj&cendia£:| 
through  the  Vertebrated  series,  it  preakcnts  a  m'^wj 
aud   more   solid   parenchymatous   terture,  wbicbj 
strikingly  contrasts  with  its  lo*>^elydobula!e*i  nc^j 
mose   aspect   in    even    the    highest    I  ri  vertebniii. 
This  character  is  very  obvious  in  the  tiver  of  M«ii,| 
whluli  is  pecutiarily  firm  and  couipaet,  and  hi*  \m\ 
of  connective  tissue  bet  ween  its  different  part*  thttO  1 
is  igund  in  that  of  many  other  Mammalia^'^It  » 
ob&ei'vable,  moreover,  in  the  Hutuaii   liver,  liiti 
certain  portions  are  rudimentary,  which  are  ^^^ 
w  he  re  f  u  11yd  e  velo  ped .    T  h  e  1  i  v  e  r  i  n  Ma  in  ma  1  i*,  ■* 
in  the  lower  vertebrates,  is  essentially  a  hilobed  organ,  but  this*  charact<»ris 
ueiiatly  more  or  less  coucealed  by  the  various  accessory  fijiayre*i  by  which  li  it 
divided  into  manv  lol)es;  alwayt?.  however,  on  the  same  genemrplan.    Ttii* 
fissure  in  which  the  umbilical  vein  runs  constitutes  the  primary  diviiinniflW 
right  and  left  segments.    In  the  most  coinplex  forms  u^sually  met  liitliiotb 
Quadrumana,  Carnivora,  Insec-tivora,  Rodeutia,  Edentata*  Sfarsupialia,  tuv 
the  left  segment  h  further  divided  by  the  left  lateral  JUmrt'  hau  a  Itjt  WrW 
and  a  left  central  lobe.     The  right  segnieat  is  similarly  dividetl  iolo  tnjpW 
cenirai  and  right  iaieral  lohtt ;  auil  it  has  moreover  two  acct'ssor    '  '         "^ 
under  surface,  the  Spigelian  ami  the  caudate.     When  the  p 
present  it  is  attached  to  the  under  surface  of  tho  right  central  hibL,     iu  s"'^*' 
Ungu latins,  In  Cetacea,  in  the  highest  Apes,  and  in  Man,  the  hit^^rai  fi«*iwi9 
are  not  present,  and  the  liver  appears  of  simpler  form.     Id   '' 
plicity  is  further  increased  by  the  ecaudate  being  hardly  disttuj^'^i. 
the  right  lateral  lobe  and  the  Spigelian  lobe  being  but  littJtt  dcirelop«4.' 

1  Leidy,  Amer,  Journ.  of  Med.  Su:!,,  Jan.  1848. 

*  See  W;  H.  Flower,  On  the  Orgnns  of  Dii;(*ftlion  of  Uftinmilia,  3I«1.  Ttmmm 
G^iijcette,  Mdft-h  9Lh,  1872,  ei  *fq.  The  weight  of  th«  Liver  i&  fV*tro  4H-5^  f»«  bw" 
nmle,  iind  from  40^  oz.  In  Ibc^  fcrottle.  It*  sp*  jjr  is  about  1.W5  Frtmi  th**  tt%^ 
inntion  of  n  Inrco  number  of  bodir^s,  Steffitn  (Jnhrbiicii  f.  Ki-  ^-^-^"^  ^'  •■'  ^^'^  '; 
p.  47}  found  thfit  th«  ratio  of  tbe  \^*-ight  t*f  th*.'  Liver  to  tij  "' 

aftf^r  birth,  iind  Lbiii  It  drminbhes  during  the  tirH  year,  e«p«'>  ^ 

hood  liiG  b*«dy  wright  nnd  tbe  liver  weight  mcreasc^  but  uoi  in  oquiii  pirciportJ*<^^ ^* 
foTDier  uugmenLing  rti»teftt. 


tJfie  of  tho   flc|jAilc<  ceca 
of  A?^i«(:tit  nlftni»  tCr«yfi4h|, 

prngffflVfif  dcri-lopmriil  oT  ( hti 
lecretlt*^  ciJls  from  lb**  blind 
extr^  nitty  tu  the  iiiiiUtb  erf  the 
fctUUIi-s;  ftjrt-cimcii*  of  the***, 
Iti  their  iticccsalTj?  ftngu^,  »™ 
tliowu  Bepumtelj'  at  a,  b^  0^  d,  0, 


^ 


Flo*  ififl. 


387.  When  tbe  Liver  is  eliisely  examined  with  the  naked  eye,  it  is  men 
he  made  up  of  a  great  number  of  ?mall  granular  bodiej?,  about  the  size  of 

miliet'Seeds,  of  an  irregular  Ibrm,  and  preeentiug  a  number  of  rounded  pro- 
jecting processes  upon  their  surfaces.     These  are  commonly  termed  lobules, 

although  by  fome  Anatomists  they  are  spoken  of  as  aeinV     When  divided 

lunj^itudinally,  they  have  a  somewhat  foliated  appearance  (Fig,  166;,  arising 

from  the  diBiribuiion  of  the  Hepatic  Vein, 

which  pa??«e4  into  the  C€ntre  of  each  dl- 

vL?iou,     When  tmnsvereely  divided,  the 

lobules  arc  usually  fouiul  to  present  aoroe- 

ivhut  t^fn  iK'nT!i;rnnal  or  a  hexajjonal  shape, 

the  ttiigle^  being  ^^lighlly  rimnded,f^<>  m  to 

form  a  seiiei;  of  pa.^suges  or  inlerlubnlar 

spures :  ia  ihe^  lie  the  brnuche?  of  the 

Vena   Portn?  (as  well  a,^  of  the  Ilirpatic 

Artery  nml  Duct),  from  whirh  arc  tlerivetl 

the  plexuses  that  enter  the  lobules.     The 

exterior  of  each  lobule  is  covered   by  a 

pnjcess  of  the  '*  eap?ule  of  Gli^on/*  wliich 

is  very  deii^  in  the  Pig  and  other  nuimals, 

hut  is  S4>  thin  n3  to  be  almost  undistinguish- 

able  in  the  ilunmn  Liver;  the  interspaces 

between  the  vessels  are  filled  by  the  ulti* 

mate  terminations  of  the  Ilepiitic  biliary  ducts,  which  contain  large  secret 

ing  cells.'     Tlie  strncture  of  each  lob- 

nie,  then  gives  ns  the  essential  charac- 
ters of  the  whole  gland* 
:^H,    The     Vena    I'ortfr,   which    is 

formed  by  the  convergence  of  the  veins 

that  return  the  blowl  from  the  chyb>- 

poielic  vi.^eera,  probaldy  also  receives 

iho  blood  which   is  conveyed   to  the 

liver  for  the  purfioses  of  nutrition  by  the 

Hepatic  Artery.     Like  an  artery,  it 

gradually  &<ulKlivjdes  into  smaller  and 

yet  smaller  branches;  and  at  last  it 

forms  a  plexus  of  vessels,  which  lie 

in  the  interlobular  spaces,  and  spread 

With  the  freest  inosculation  through- 
out the  entire  Liver.     To  these  ves* 

selSp  the  name  of  interlobular  Veins 

was  given   by  Mr.   Kieruan,'     They 

ramify  in  the  capsules  of  the  lobules, 

covering  with  their  ramifications  the 

whole  external  surface  of  these;  and 

then  enter  their  subetanee.      When 

they  enter  the  lobules,  they  are  termed 

lohuiar  veins;  and  the  plexus  formed  by  their  convergence  from  the  cir- 


vilh  llie  lh*p&i ic  Vci n ;  I ,  t runk  »f  the  Vein ; 
2,  "i,  2^  ItibtiliNK  deptitidltig  from  Us  bmnchui* 
likir  leftvi'ji  CI  I]  14  Ircc;  ili9  crnire  uf  «|ioti 
U'lii^  ncciipltti  bj  ATeoQUfl  lwSg»  the  In  Ira- 
tubular  Vr'lo. 


Fi<3.  167. 


HfirijKniUl  ««ction  orfhrppanpetflclnl  Lobulei, 
flbDwlns^tbe  tvo  pdnclpnl  ii^al^tna  at  BLoodrtui' 
tivh:  1,1,  infrdtt^biittir  tcltii,  ti^riiilnnlinK  in  tbe 
tlepitir^  vciija  ■  2,  %  iftterlubiiiar  plena*,  formed 
try  br&ncbcii  of  tito  PdrUl  rdu. 


1  The  ncini  of  Malplghj  nre  the  minute  bodies  of  vannus  forms  and  yellowish  color, 
which  «r<3  ^een  when  uny  hidividiml  lobule  U  exumiiicd  with  the  microscope;  these 
Rfc?  nolhin|r  elie,  however,  than  the  irri>^u1rtr  isl^^t''^  of  purcnchymtt,  IpFi  hplween  the 
m<^lH"S  of  Ib^  plexus  formt^d  by  the  ultimfite  mmiflcHiions  of  diw  portal  vein, 

■  S*!i*  Prof  Bi'Hle^A  fwipt**-,  Uo  ihu  UlliiiirtlR  Arrangement  of  the  BUmrv  Ducts,  in 
Fhil   Trnn»-»  18 lis,  and  Ttfdd  and  B^iwrntrn's  Physiolot;,  Anat.,  p.  4^iff,  vol.  ii,  IS&9. 

*  8eo  hi*  admirable  Memoir.  On  the  Anatomy  and  Pbyiiology  of  the  liiver,  in  the 
Philt^sophicflt  Tramacllona,  li33. 
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ciimference  of  each  lobule  towards  m  cojiire  (where  their  uUitotte  ft'&Ar 
ficauous  terminate  iu  those  of  the  iotralobiihir  or  hepatic  vein),  m  imf- 
Hit  ted  as  the  hbular  venmm  phjnts,^-T\i^  Hepatic  Arttty  s&nd^^  brandiato 
every  pan  of  the  Liver,  supplyvDg  the  walls  of  the  portaJ  aod  Iu n^itli  v/r 
and  of  the  hepatic  ducts,  as  well  as  GHs^j»*s  eap&ule.  The 
tribution  of  its  braDches,  however,  is  to  the  lobules;  which  Li.  ^  .v,,  .,. 
the  same  manner  with  the  portal  vessels  aud  biliary  duct!*,  by  eprtading 
themselves  through  the  interJ*^bular  spaces.  There  they  ramify  upoa  tk 
interlobular  duct^,  aod  upon  the  capsular  surface  of  the  Jobules,  whicb  ibr 
then  penetrate,  terminating  for  the  most  part  in  ihe  jwrtal  v  '  \m, 

though  a  verv  few  small  brani'hes  may  be  tmced  into  the  Htj  -of 

capillaries,  ^lie  whole  of  tl^e  blood,  therefore,  of  the  Hepatic  Artcn  pa«» 
through  the  lobuli,  and  is  ^iubservient  to  the^ secretion  of  Bile.^It  now  mh 
remains  to  describe  the  Iffpatk  Veiiu^  the  bmochejj  oi'  which  *x*cupy  iheJo' 
terior  of  the  lobules,  and  are  termed  mfmlobular  veias  (Fig.  167,  1,  1:  Fi|t 
168).     On  making  a  transverse  section  of  a  lobuk^h  h  seen  that  the  ccatml 


8ecl{u<ii  of  a  euaall  i>orUDii  of  the  L(?er  of  n  Rabbit,  witli  the  EE^fjiJitLc  t»t  ialrnlobatar 


vessel  is  formed  by  the  convergence  of  Dumeroua  roinute  vernu*'-,  wbicii 
ftriae  froni  the  pleatus  upon  the  surface  of  ibc  lobule*  The  iijtralf»bu!*r 
veins  terminate  in  the  larger  trunks,  which  pass  along  the  base**  of  tht'  l»'^ 
ales,  collecting  from  them  their  venous  blood  ;  Ihctie  are  called  by  Mr.  Kic^ 
uan  suhlobulur  veins.  The  main  trunk  of  the  Hepatic  Vein  l*?riuiii»t«*  ^ 
the  ascending  Vena  Cava- 

389.  Tl*e  Hepatic  Duct  forms,  by  its  snbdivisioti  and  rar  '-^ 

lobular  plexus  very  like  that  of  the  portal  vein;  the  hi  f^' 

upon  the  capsular  surface  of  the  lobules,  and  ultiiaately  jitmetri 
their  interior.     The  trunk  and  larger  braaches  of  the  biliary  diKi 
of  an  imeroal  mucous  niemhrane  and   an  external  fibrous  "sheath.    Tb 
former  ij3  very  vascular  and  is  lined  by  tall  columnar  cells,  the  latter  i^ 
lieved  by  Heriug  to  contain  smooth  muscular  fibres,  armngiHl  loajrff 
nally,  and  a  few  bloodvessels;  Asp,  however*  believes  the  soiadle-cellAj 
striated  appearance  relied  upon  by  Hering,  Heidenhain  and  othi*r*, 
denceof  roaicnlar  fibres,  to  be  due' to  elongated  nuclei  and  coi. 
fibres,  as  they  swell  up  and  disapi>ear  in  weak  stjlothm  of  hy  1 
and  alcohol,'  At  the  point  where  the  interlobular  ducts  beco; 
with  the  network  within  the  lobules,  their  diameter  is  very  -  **?' 

eeeding  ioVd^^>  ^  iVao^^  ^^  ^^  inch;  and  here  tlie  epitheliuiu,  ^Uich  i^\ 
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;he  mediam-sized  ducts  remains  columnar,  passing  in  the  smaller  ducts  into 
,he  tessellated  variety,  suddenly  becomes  spheroidal,  or  assumes  the  form  of 
;he  true  secreting  cell.  The  tubes,  of  the  diameter  of  g*(jth  of  an  inch  and 
arper,  present  many  little  saccular  dilatations  of  the  coats,  the  openings  of 
irhich,  according  to  Dr.  Beale,  are  regularly  arranged  in  two  rows  or  lines 
)n  opposite  sides  of  the  ducts;  and  besides  these  are  numerous  small,  irreg- 
ular, and  anastomosing  canals,  which  run  obliquely  in  the  coats  of  the  ducts, 
and  ultimately  open  into  their  cavities.  These  tubes  and  csBca  may  be  re- 
garded as  accessory  gall-bladders,  in  which  the  Bile,  secreted  and  stored  up, 

Fio.  169. 


Bediunof  an  injected  lirer  from  the  Rubhit.  The  sl-nder  and  dark  biliary  ducts  arc  seen  to  be 
mrraitgtnl  in  tht*  form  ut  b  plexus,  each  of  the  meshes  of  which  incloses  a  billury  evil  with  one  or  two 
BueleL    The  much  wider  capillaries  are  ai«o  shown. 

comes  into  intimate  relation  with  a  fine  plexus  of  capillaries,  and  may  per- 
haps undergo  further  elaboration.     In  regard  to  the  mode  of  termination 
of  the  finest  biliary  ducts  it  api>ear8  from  the  observations  of  Hering  and 
other?,*  that  when  injected  the  canals  existing  between  the  large  secreting 
cell?,  form  a  close  plexus,  the  meshes  of  which  appear  to  inclose  the  hepatic 
cells,  though  in  reality  the  lines  of  injection  follow  the  spaces  between  the 
large  secreting  cells  (Beale).     In  the  Rtibbit  these  canals  run  exclusively, 
tndin  Man  and  the  Dog  in  by  far  the  greatest  number,  not  along  the  angles, 
but  between  the  oppo^jite  surfaces  (Fig.  171)  of  two  adjacent  cells,  dividing 
tbeir  surfaces  sometimes  into  two  equal   halves  and  at  others  unequally. 
The  blood  capillaries,  on  the  other  hand,  chiefly  run  in  the  angles  formed 
by  the  junction  of  three  or  more  cells.     According  to  Hering,  the  biliary 
^^nalsand  pa.<sages  do  not  possess  any  membrana  propria,  their  walls  being 
fcnned  by  the  hepatic  cells  themselves,  which  succeed  suddenly  to  the  flat- 
tened polyhedric  cells  of  the  smaller  biliary  ducts,  but  MacGillavry  and 
Chrz»)ngczsczewsky  maintain  that  they  have  proper  walls,  the  bile-secreting 
^klyiug  ( Fig.  170)  to  their  outside,  though  this  is  perhaps  illusory,  the  sui> 
F*ed  vascular  wall  being  only  a  thickening  of  the  cell-wall.     Both  AVeber 
•^^^l  Asp,  from  injections  with  gamboge  dissolved  in  spirit  (Weber),  and 


XicG 

Apchi 


Strieker's  Mnniml  of  Histology,  vol.  ii,  187  J,  Syd.  Sof*.  Triin»»lati'n.  Son  also 
'•cGillavry,  Sitz.-ber.  d.  k.  Akjid.  zu  Wion.,  Bd*  1,  1804.  Kcidurt,  ll»'ichtTt'H 
Miv,  \s^^^^,  p  784.  Irming<*r  and  Frey,  in  Kollikcr's  Z.Mtschrift,  1«'W;,  p.  20H. 
^*r  Wys.s,  in  Virchow's  Archiv,  18»>6,  April,  tind  CliPzon-fZ-'('Z«*w>ky's  pajn'P  nl»- 
Jtf«cii^  in  Humphry  and  Turnor'-  Journhl,  v(»l.  i,  18<)7,  p.  14M.  Kollikor,  lland- 
^^•'i  der  Gfwelwiehre,  1867.  Eberth,  Contralblatt,  1806,  No.  57,  and  Sitz -Ix-r.  d. 
7»*n.  Akad.,  Dec.  1866.-  A.  Maver,  Stiiek.  Med.  Jahrbucher,  1872,  p.  183,  and 
^'P.  1.  c. 
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alkaiict  in  turpentine  (A^pi,  liave  obaervtHl  that  under  - 
tJbe  fluid  ir»jc*cied  will  often  peiitfirate  tHrec-tly  from  ihesui. 
into  the  biliary  cells,  the  so-caJled  biliary  capiJlaries  thea  eutirely 


Fia,  1*0. 


Tmm, 


Q. 


QToo 


^ 
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TtG.  170.— THJrrtnl  BUl&rj  dfiUlarlfA  «»r  lh«  Ltvrr  of  Ibe  Bablilt  f^rt  df  a  hohtO*,  tUn^  ik« 
Rmnfvnient  of  th^  btlkry  duels  In  relitLoii  to  the  hcpiiUe  eelU:  ii^  ctt|iinaii«t<>f  Uit  bfllArj  Amt»i  K 
b«pMlie  eclls ;  c,  bllSaTy  dnc»» ;  (i,  cufiillftrj  U<>od  vrtacK 

Ftu,  nt-^HTtJiin  t>f  fiAbbiCt  Ufer  ioJ«cl«il;  c,  blood  otpliyirfet;  I,  bile  ^wngo;  «,  Mdivrf 
b£|Nitic  uelL 

ing,  aud  the  peripheric  part  of  the  lobules  becoTDing  deeply  ataim*il ;  on 
subsequently  itijecuug  Prussian  blue,  Asp  found  that  it  wa^  retnirini  m  liia 
passages  it  would  under  ordinary  ciroumstances  have  run  in^  and  did  not 
enter  the  rell$,  precluding^  in  \m  opinion,  the  idea  that  there  are  nny  ajflr« 
openinga  between  the  biliary  dueti*  aud  liver  cells.  The  demnits^tnitEMn  <if 
their  ulrinittte  biliary  canals  by  the  injection  of  colored  fluids  is  < 
difficult  in  fifau  on  account  of  the  coagulation  of  their  contcuti<.  h 
deatli  they  have,  however,  been  very  diitinctly  i^een  as  the  n-^nlt  «•!  liiseiyc 
in  aninjul!^,'  and  may  perhaps  hereafter  be  in  this  way  made  appnri^tit  mihc 
human  subject, 

S90,  The  biiiaiy  telk  of  the  Human  liver  (Fig.  172,  b)  are  usually  of  i 
polyhedric  spheroidal  form  channelled  at  their  angles  by  the  capillari«tiuwi 
on  their  purtaecs  by  the  biliary  canals^,  and  are  from  ^,\(|th  tn  '  '^  *  U 
inch  in  diameter.     Each  of  them,  generally,  hut  not  always  ( .\  oil 

one  or  two  distinct  nuclei  containing  numertpus  granules;  ami  tn*.  lauiyrf 
the  cell  is  ot*cupicd  by  yellow  amorphous  biliary  matter.  Usually  hariiijcoM 
or  two  large  adipose  globules,  or  iive  or  mx  #mall  ones,  iuterminglefi  wttliil 
(a,  b).  Thet-ize  and  number  of  these,  however,  vary  confidernbfr  r^f^^d- 
ing  to  the  nature  of  the  food,  the  amount  of  exercise  recent'  aad 

Other  circumstances.     If  an  animal  be  very  iat  or  be  well  :  ilf/ 

With  farinaceous  or  oleaginous  ^nbstanee.^,  the  proportion  of  a<]'  Iff 

(r)  is  much  greater  than  in  an  animal  moderately  fed  aud  takiD^  :  vft- 

else.  The  «ize  of  the  oil-globules  varies  from  that  of  mere  pjinli^,  wartvlf  J** 
tiuguishahle  from  the  granular  contents  of  the  cells  except  by  tiieir  ititeifi* 
blacknets,  up  to  one-fgurlh  of  the  diameter  of  the  cell.  A  etill  gnsitcr  we* 
cumulation  of  adipose  particles  in  the  biliary  cells  give«  ri»e»  aj  wiw  ^ft^ 
pointed  out  by  Mr.  Bowman,*  to  the  peculiar  condition  termed  **  fatty  livct" 
The  finely  granular  matter  is  ihe  portion  from  which  the  ciilor  of  therellii 
derived;  it  seems  to  fill  the  space  not  occupied  by  the  oil-ghihulci*:  mid  H 
often  obscures  the  nucleus,  so  that  the  latter  cannot  be  distin  '  "f't*^ 
acetic  acid  is  added,  which   makes  the  granular  matter  m*.*::  iJt 


*  TcxRs  Cuttle  Dlfeme.    Au»tli»  Fliai,  Pljyilology  of  Mnn,  raL  lit,  p 

*  MeUkaL  (laEelte,  Jan.  1@41 


TOE    LIVKR — SECRETION    OP    BItl. 


475 


withnnt  aJfecting  the  DtieleuSp^  The  Liver,  tlierefore,  belongs  to  tlie  clasa  of 
ramt^ed  tuLnilnr  gkiidu ;  and  the  maleriab  uf  the  bilmrv  secretion  farmed 
ffom  the  bh>od  by  the  cell^  lining  the  iiilrtilobular  exiremitiea  of  the  ducta 
aic  diecbarged  into  the  interior  of  tha^e  canaljs  either  by  exudation  or  by  the 


FlQ,  ITi 


•oefrttlnir  &'\U  detftcbrd  , «,  Iti  their  nortnDl  »ute;  A,  mcdJ,  inaro  IHghtf  mogiiiflt.<  sUvwlagtbd  Qudetu 
aii4iiljiUtict  oitp&r Lick's;  €,  In  varHouA  Atsgk  oi  fiikUf  dt^geueraitQii^ 

deliquescence  of  the  eelb  themselves.  Teichmano  *  describes  the  lymphatica 
as  running  wllh  the  portal  venous  briinehes,  and  the  tnliary  ducU  hn  form- 
ing a  plexus  with  large^  irregular  meshes  on  the  outside  of  the  lobuli,  and 
be  believes  be  ba^  even  injected  minute  branches  passing  up  their  centre 
with  the  Vena  itiirah>bularis  of  the  Hepatic  Veins.  JIacGilbivry '  describeji 
the  tvruphaties  of  the  Jiver  of  the  rabbit  as  forming  loose  sheaths,  and  bis 
statements  have  beeu  confirmed  by  Asp.  Similar  sheaths  have  been  observed 
by  Irminger  and  Frey  around  the  bloodvesj*cls  of  the  liver  of  the  dog.  A 
single  layer  of  lymphatic  exists  on  the  peritoneal  surface  of  the  Liver, 
lying  10  the  subserous  areolar  tissue.    The  uervea  of  the  Liver  have  been 

1  SchilT(Arthiy  f  Phys.  UoWk.,  1857,  203,  and  Untersach.  ub.  die  ZuckerblltJurij^ 
in  dpf  Lebt^r,  et**.,  Wurk.,  1859)  descfib«*t]  two  kinds  of  granules  In  ibo  Ljvcr  celts 
U'liides  Uie  nut-reij^  urto  of  these  wi^s  diirk*btirderi«U  mi  4  highly  re  f rue  111*?,  the  other 
miii^h  smnUcr  11  nd  jmb*  Thf*<3  hi»t  he  Umyglit  were  particle*'  of  Glycoger.  Bock 
and  HoflVimnn  (Viri'bow'tj  Archiir,  1872,  Bd.  Ivl,  p.  2V2)  deny  this  on  the  g^rounds  of 
their  olifiuicHl  ri'jiction  and  the  vttiul  of  r€?latiuii  bolw^^n  thfMP  nnmberj*  and  lh<! 
imoirnt  of  Glycoiren  in  ihc  Livtir.  For  im  ftccount  uf  itic  ulbuminoue  coiapouods  tif 
Ih**  Liver,  W  PU^jt,  Plliiu^er's  Archiv,  l!^"a,  Bd,  v»i,  p.  aiL  Schenk  (CentrnlbUilt, 
1860.  p,  &C5>  Im*  di'^t'i-ibed  p«culi»r  protopJiisniic  aio^^ffs  r*»*(ymbling  iimcebie  In  pos- 
frCis'Vnif  ppooUihcoui*  mov^'mt-nt)  »ia  hi-ini^  present  in  the  Qmbr^'itiiHl  LSvor  of  Tn»inrniit»f 
■  ud  PBiitrer  (Archiv  f.  ^ea.  PhyaioLj  Bd,  11,  p*  450)  states  thiit  ihi?  liver  cells  posscis 
pro t'f?*.*cs  like  those  of  tho  jjulivjtrv  eella,  nnd  uppiMirA  to  think  tli*^re  is  some  eonitnu- 
nieation  biHwc'i*n  the  biUwry  cfttiuIicuU  »nd  the  inietior  uf  Ihe  cells ^  eiiice  if  Ihe  ctip- 
illnrv  ducLs  of  tho  bilinry  eiinals  arc  injected  with  cotd  Prust^mn  bliiu  injeclion  fine 
duct^  niny  be  fi'i*n  io  peDetrato  the  proloplnsni  <^f  the  cflli,  which  divide  aud  6Ur- 
rtjund  the  uncobirt'd  nueleus.  MaeGillavry  h»d  previatjsJy  nolict^d  Ihul  on  injeclion 
of  the  Jymphiitic*  with  eold  Prueiiati  blue  Ihe  nu&tei  of  the  coiorle«  hepntic  celli 
becnmc^  dc^^ply  eintHed, 

*  Sdiipftder  System,  p.  91,  Lejp»igs  1B6!. 

*  MttcOillavry,  Zor  At\nU  ih-r  bt?ber,  Pivrnphleti  1804.  Hi»  stnteTH entt  are  corroh- 
ornti<d  by  Fpf*y^  Hnndb.  det  Uis^loL  und  Ui^^lot^hem.,  I  Aufl,,  p.  6*i4|  nnd  BiesindiTki, 
IVien*  i5itKuiig*ber.,  Bd.  I  v.  il,  D.  rtcbmidt  ih  Month.  Micros.  Journ.,  1670;  Asp^ 
Lydwig'i  A rlwiti'ii,  167S,  Bd.  vii, p.  134.  See  nUo,  for  Ly m^jhaliea  of  Capulcof  Liver, 
Wedbj  idem,  Bd.  Ulv,  Ablh.  1. 
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carefully  examined  by  Drs.  Robert  Lee,*  Hering,'  and  Pfluger."    Dr.  Lee  hu 
shown  them  to  be  chiefly  connected  with  the  semilunar  ganglion  and  »riii- 

Eathctic  plexus  surrounding  the  root  of  the  hepatic  artery,  the  minuteBt 
ranches  of  which  they  accompany.  Pfluger  believes  he  has  been  able  to 
truce  the  nerves  into  connection  with  the  hepatic  cells,  but  Hering  maiDiaiu 
that  all  demonstrable  nerves  liv  on  the  other  side  of  the  lobules. 

391.  The  first  and  most  obvious  function  performed  by  the  Liver  is  the 
secretion  of  Bile.  For  this  the  arrangement  of  the  cells  and  duels  appean 
to  be  primarily  designed ;  and  by  their  means  a  considerable  quantity  of 
material,  rich  in  carbon  and  hydrogen,  is,  temporarily  at  least,  eliminated 
fnmi  the  blood,  whilst  at  the  same  time  a  liquid  is  provided,  the  utility  of 
which  in  promoting  the  absorption  of  fmMl,  and  especially  of  oleaginous  fold, 
has  been  already  sufficiently  cimsidered  ($  124).  But  the  large  size  of  ihii 
orgiin  ill  comparison  with  the  amount  of  secretion  poured  into  the  alimeiita^ 
canal ;  its  constant  presence  in  almost  all  classes  of  animals,  how  varioiu 
soever  the  nature  of  their  food  may  be;  its  manifest  activity  in  the  fieliu 
before  the  ingestion  of  any  food  ha-i  taken  place;  the  large  supply  of  blmHi 
which  it  receives  from  different  sources,  as  well  as  the  peculiar  relalionj 
which  it  holds  to  the  blood  returning  from  the  placenta  in  thefwlu.sand 
from  the  abdominal  viscera  in  the  adult — are  all  circumstances  sugj^esliiif 
that  other  functions  than  the  secretion  of  the  Bile  arc  here  perfornie<i;  and 
from  the  results  of  comparatively  recent  research,  it  may  now  be  ciini>idered 
as  fairly  established,  that  it  exerts  an  assimilative  or  elaborating  action  on 
the  fi-e>hly  absorbed  materials  of  our  fotnl,  and  especially  Upon  the  albiiniiii- 
ous  and  saccharine  constituents,  whereby  they  become  more  fitte«l  for  the 
nutrition  of  the  body;  and  that  in  the  course  of  these  assimilative  change^ 
the  activity  of  which  is  indicated  by  the  high  temperature  of  the  orgun.aud 
perhap:*  as  a  consequence  of  them,  a  material  analogous  to  sugar  is  formtd, 
whose  ultimate  destination  is  still  undetermined,  but  which  there  is  >*me 
reasdn  for  believing,  in  part  either  directly  or  indirectly  combines  with  oxy^ren, 
and  thus  becomes  subservient  to  the  maintenance  of  animal  heat,  and  in  {larl 
is  on  the  way  to  histological  formation.  The  |)ro<luction  of  this  suhsianieis 
teinied  (ilyeogeny,  and  will  be  considered  after  the  characters  and  nifuleof 
formati(»n  of  the  Bile  have  been  diseu>sed.  The  following  are  analyse»t»t' 
the  l^ile  contained  in  the  human  (Jail-bladder,  by  Frerichs  and  v.  Cionip- 
Besanez :  * 


In  101)0  parts. 


W'jitrr, 

JSolid  ri».-idiu»,    .... 

j 

Uilinry  m-'nl'*  in  combi- 
nation with  alkalies,   . 

Fat 

(.'!»■  •N'stt'rin, 

Muriis  and  coloring  inat- 
t«r, 

Sall> 


FkKUU'IIS. 
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56.5 
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I       14.5 

!         03 
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148  0  > 

23.9  I 


*   PrtM-i'iulinij:}*  of  Royal  Sficii-ly,  vol.  xii,  p   24<). 

'  SiriikiT':-  iliiman  and  (-'nm|»arativi'  Hiatologv,  Svd.  Soc.  Tr«nf.,  vol.  ii,  p.  51 

»  Archiv  f.  Physiology,  Bd.  iv,  p.  r>3.  "       "*  Phys.  Chem  ,  IffTo,  p.  b'29. 


THB   LIVBR — SECRETION   OP   BILE.  477 

Bile  is  a  viscid,  neutral  or  feebly-alkaline,  somewhat  oily-looking  liquid, 
of  a  greenish-yellow  color,  and  very  bitter  taste,  followed  by  a  sweetish  after- 
taste. It  is  readily  miscible  with  water,  and  in  solution  froths  like  one  of 
soap.  Its  specific  gravity  in  the  human  subject  is  about  1018,  the  extremes 
being  1.0105  and  1.032.  According  to  Kowalewsky  ^  the  pressure  of  the 
Bile  in  the  ductus  communis  choledochus  under  ordinary  circumstances  in 
curarized  cats,  varies  from  3.  5  to  7.6  mm.  of  mercury  (2-4  in.  of  water), 
risings  if  the  duct  be  ligatured  to  from  12  to  20  mm.  of  mercury  (6-11  in.  of 
water).  Heidenhain  states  that  it  is  secreted  under  a  pressure  of  a  column 
of  water,  eight  inches  in  height.  The  proportion  of  solid  matter  which  it 
contains  is  usually  from  9  to  17  per  cent.,  and  nearly  the  whole  of  this  con- 
sists of  substances  peculiar  to  Bile.  100  parts  of  human  Bile  purified  and 
dried  at  230°  F.  contain  about  1.5  parts  of  sulphur.  Bogoljubow  observes 
that  whilst  freshly  secreted  Bile  may  contain  as  much  as  64  per  cent,  of 
combined  and  7  per  cent,  of  free  carbonic  acid,  the  Bile  which  has  long  been 
stored  up  in  the  gall-bladder  of  fasting  animals,  may  not  contain  more  than 
2  per  cent,  of  the  combined  and  2  per  cent,  of  the  free  gas.  In  the  biliary 
matter,  according  to  the  researches  of  Strecker  (which  are  undoubtedly  the 
most  accurate  and  satisfactory  that  have  been  hitherto  mailc),  the  following 
substances  may  be  distinguished  :  Two  resinous  acids,  the  GlyeochoUc  (which 
is  the  cholic  acid  of  Strecker)  in  small  quantity,  and  the  Taurochollc  (which 
is  the  ehoieie  acid  of  Strecker,  and  is  nearly  the  same  with  the  bilin  of  other 
chemists) ;  these  are  formed,  according  to  Lehmann,  by  the  ''  conjugation '' 
of  cholic  acid  with  glycin  or  glycocoll  (gelatin-sugar)  and  taurin  resi)ec- 
tively ;  and  they  are  united  in  the  bile  with  soda  as  a  base.  It  is  in  the 
taurocbolic  acid  that  the  sulphur  of  the  bile  presents  itself,  no  less  than  25 
per  cent,  of  that  element  existing  in  taurin  ;  so  that  the  proportion  which 
this  acid  bears  to  the  glycocholic  (which  differs  greatly  in  different  animals) 
may  be  estimated  by  the  amount  of  sulphur  in  the  mixture  of  the  two.^  Be- 
sides a  variable  quantity  of  the  ordinary  Fatty  acids,  Bile  also  contains  Cho- 
leMerin,  a  non-sap4>nifiable  crystalline  fatty  substance;  Lecithin,  C^^HyoNO,; 
various  products  of  the  disintegration  of  albumen,  as  L^ucin,  Tyrosin,  Xiiu- 
tbin,  and  Hypoxanthin ;  and  Cholin  or  Neurin,'  CjlI.jNO.,,  which  is  one  of 
the  products  of  decomposition  of  Lecithin,  and  certain  coloring  matters,  the 
nature  of  which  has  not  l>cen  very  accurately  determined,  for  Stiidelcr  ( 1863) 
isolated  five  distinct  compounds:  Bilifulvin,  Biliverdin,  Bilifuscin,  Bilipras- 
cin,  and  Bilihumin :  whilst  Maly*  (1864)  finds  only  one  substance,  Chole- 
pyrrhin ;  and  Dr.  Thudichum*  (1872)  describes  two.  Cholophjein  or  Biliru- 
oin,  C,H,NO, ,  and  Bilifuscin,  CgHjjNOj .  The  relationship  of  these  coloring 
matters  to  the  coloring  matter  of  the  Blood,  first  sugojested  by  Virchow,*  has 
been  rendered  probable  by  the  discovery  of  Zenker'  of  crystals  of  Hicma- 
t^iidin  in  inspissated  Bile,  by  the  circumstance  that  both  contain  iron,  and  by 
the  observation  of  Giihler*  that  Bilirubin  and  Htematin  give  the  same  play 
of  colors  with  NO5,  except  that  the  green  color  is  most  persistent  in  the 
former  and  the  violet  in  the  latter.     K.  Maly  ^  has  pointed  out  that  there  is 

»  Pfluijer'p  Archiv,  Bd.  viii,  Hoft  xii. 

'  F«»r  exc'(*llont  accounts  of  the  Liver  and  its  Fiinctinnf,  soo  Dr.  Drtlton's  Iluninn 
Phyriiolotry,  1871,  and  Austin  Flint's  Physioldjuy  of  ^Ean.  1870,  vol.  iii,  p.  2;12. 
■O.  l-.i«?hmch,  K«?v.  dt^s  Cours  Scicnt.,  torn,  v,  p.  (;J8.  1848. 

•  I5r»rnard,  PlivsioloirJe  Goneralo,  Kevue  Scicntitique,  1873,  p.  402. 

•  Clinical  PlivVioIo^y,  1872,  p.  18 

•  Archiv  f.  Path.  Anat.,  Bd.  i,  1848,  p   421. 

'  Jahn*j*hericht  von  dor  G«*sellsch.  f.  Natur  und  Hoilkundo  in  Dresden,  1858,  p.  68. 

•  Gaz.  M^d.  de  Paris,  1859,  p.  4f)9. 

»  K.  Maly,  Contralbiatt  f.  d.  Med.  Wiss.,  1871,  p.  849,  and  Annal,  de  Chomio  v. 
Pbarin.,  Bd.  clxiii,  p.  77,  1872. 
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I ij    1 1  rt-    i.«|| 


a  close  rektion  between  Cbolepyrrhiiu  or  Eilirubio,  a?  lorittf  i 

of  the  Urine  obtained  by  Jatfe,*  and  uaruei]  by  [ihu  1  and  witi 

cob  ring  mattc?r  of  the  fitn^es  obiaiiieil  by  Vaulair  aufi  ^ta^ius.'     Ftki 

Hitter*  and  Turchauoif*  have  showa  that  If  t\w-  cohmng  roatters  of  t^i«-| 

or  of  rhe  Blood  are  direetly  iojected  into  the  Blood,  they  are  rapidly  exc 

in  a  more  or  les*  modified  eouditioo  by  theUriut!,     These  ex|>er' 

tend  to  show  that  fhe  biliary  eoloring  matterjs  are  not  formed  ^  Ij 

aud  by  the  Liver,  but  rather  that  they  are  id  part  perfuntied 

8o  quickly  is  their  elimination  from  the  l>ody  effected*     It  id  n*t\ 

that,  not  withstand  log  the  compamtively  miDOte  pro|>ortion  in  wbieli  < 

terio  and  coloring  matters?  exist  in  ordinary  bile,  choIeHterin  !*bouldi 

be  the  principal  ingredient  of  the  bilianp^  t'onerelion*  which  are  tnsqn 

found  in  the  gall-bladder  and  bile-ducts;  and  thai  the  bile-f>it. 

choloidinic  acid  and  a  calrareous  base  shouM  also  m*^ 

en  as  to  form  solid  ma-^se.-?  \*'hich  con^iM  of  little  eUe, 

in  man  and  various  aninialR  has?  been  investigated  by  Dr,  DaUoti,'    iit- 

that  it  m  very  shorty  the  light  b^ing  totally  absorbed  at  a  outi^idi'^mbJf 

tnnee  from  the  refrangible  end,  and  that  it  terminal  en  tiuddeyly.    It  ] 

as  m  iUown  in  the  accompanying  diagram  from  his  pa{>er,  an  ah 


appears^  to  be  doe  tolbt 
lie}     And 


t!v 


Bpcctmm  of  gfc*n  Wl«. 

band  m  the  red  at  the  .situation  of  the  line  C,  which  a 

green  rather  than  the  red  cnloring  matter  of  the  bile*"     Am 

Bents  as  a  rule  a  remarkable  diminution  in  quality  of  the  i. 

color?.     Both  Dulton  and  Bchenk'  obtained  the  $i[ieclrtiin  (F.^.  ...    -^j* 

the  purple  fluid,  resulting  from  the  action  of  Petleukofer^s  tjtsi  on  sMjktbw 

of  the  lanrocholate  and  glvcochoiatc  of  Sixla.  exhibiting  two  wid<^  ami  darl 

ab^rptiim4>and!*,  one  at  fc,  extending  from  D  50  E,  to  E  25  F;  the  fttfaer 

at  F,  from  E  00  F,  to  F  15  G,  the  spectrum  termimUtng  gm  *     "    ^^'^ut 

the  line  G,     V,  Wittich,  in  a  case  of  biliary  fistula  iu  the  h  ^^ 

found  that  the  freeh  bile  contained  a  fennent  capable  of  convertu 

into  *TUgar*^ 

392,  We  have  now  to  inquire  into  the  conditions  under  whirh  th»  - 
of  Bile  take^  place;  and  one  of  the  most  important  of  tbessc,  i*  the  - 


•  Vftnhiir  nm\  MnHU\  d^nlrnmnll  f.  d.  Med.  Wiai  ,  18?1,  p.  fi60. 
'  Feltz  iind  Rilter,  UmIjIu'i  Jimrniil  «3t*  rAnnlomin,  [87d|  p,  102* 
«  TrtntaMnofr,  Pflni;t*r*!i  Archiv,  1874,  Bd.  it,  p  329. 

•  New  Vnrk  Mcdk'Hl  JiturnnJ*  June,  1S74. 
<  Om  Viorordt't  fystoni  of  nntwtmoT  in  wliieb  the  i^ifjlit  pr--    -    '  '-  '  tibi**»»* 

epnctrgni  lire  tak<^n\ji  tixt^d  pt^nls.  A,  R,  O,  D,  K,  F.  tt,  r.;  ^[H 

twwfi  tliese  considered  rts  dividt^d  IniQ  IDO  f<jiud  pjirt*,  liio  t  x  .  .  , i  tli»  I 

w»?  In  une  cu«p  from  15  20  C  tu  C  10  Dt  nnd  in  another  frum  B  U  U  Ui  U  Id  Dt 
'  AiiaUoH.  PJir*i«>J-  Unior^^r  Wien,  I  ft?** 

•  Pdager  s  Arihiv,  1872,  Ud.  vi,  p.  181.     R»nke,  Pbj&io!ogy,  187^  ^  «7. 
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Bli»otl  wbicb  tlie  Ih'er  receive?.  How  far  the  Hlood  siippiied  bj  tlie  Hi^pJitic 
Artery  h  the  immediate  sotirce  of  tbe  secretion  has  not  beeu  quite  mtisfuc- 
lorilj  dctbrmined.     Kottmeter'  and  Kuthe^  found  thai  no  bile  wm  eeereted 


Fio,  nc 


Spectmim  ^i  rpttcuk^rcr'i  tesl  with  the  UJliiry  »atU  Ja  alcoItaHc  saltitlon. 


er  ligature  of  thi&  vessel,  and  they  attribtite  the  result  tn  an  alteratinn 
lltiiig  pbice  in  the  nutrition  of  th<?  celk  rleiitined  to  form  the  bile,     9n-\n&] 
hawever,  was  unable  to  det^^ct  any  dimiiHition  in  a  large  dog  upon  which  be 
hml  (leiiurmed  the  same  opemtiou,  and  RohrigMbund  the  etx*rptioii  wti.^  only 
fiUgbtlj  k-ssened.     It  i^  certain  that  the  Hepatic  artery  may  indirec^tlj  fur- 
ai^h  the  supply  of  blood  necessary  ior  the  sex*retion;  for  although,  if  the 
Veim  Portae  be  suddenly  tied,  the  flow  of  bik  is  ira mediately  stopped,  and 
^dfcii^h   ----11?^  in  the  coui^  of  a  few  hours;  yet  if  the  ohlitei-ation  be  slowly 
her  by  the  gradual  tightening  of  a  ligature/  or,  m  ocefiiionally 
niap|t^M>,  irmn  diJfteaBe,  the  secretion  of  biU^ill  continues,  thoui^h  in  dimin- 
ishtnl  tjuuntity.     In  guch  instances  it  probably  proceeds  from  the  blood  of 
the  h^jMilic  artery,  the  capillaries  of  which  discharge  themselves  into  the 
Itibulwr  plexuis  of  veins,  and  in  ca^es  of  mal  formation  have  been  aettiaUy  ob- 
iter vtNJ  to  pa.^  into  the  ramifications  of  the  unibilical  vein,  forming  a  plexus 
lu  tht-  lijbules  that  exactly  resembled  the  ordinary  portal  plexn*,-     It^  secre- 
tion ttfiiT  such  glow  obliteration  of  the  Vena  Portfc  may  also  sometimes  bo 
4m  to  the  presence  and  enlargement  of  the  acceg^sr^ry   Venie  Porta?,  which 
Wvtj  hn*n  noticed  by  8a|)|)ey.*     According  to  Bernard/  the  engorgement 
of  tb«  Vi»DiF  Portic  eon.se<|uent  upon  its  slow  obliteration^  is  relieved  by  the 
prej^euH*  nf  small  anastomotic  branches  with  the  Renal  Vein  eorresponding 
t«  lli*i  Vcnoa*  system  of  Jacobson  tbund  in  the  lower  Vertebrate  classes/ — 
The  fitc-t  that  llie  secretion  of  Bile  is  normally  formed,  in  great  part  at 
Wt.  i'rom  venous  blood,  has  boen  commonly  connected  with  the  hvilrocar- 
j^'iiin-^iKtsf  nature  of  its  chief  componentSj  which  niuisl  exist  (it  is  c/>n!*itlered) 
la  iaiver  proportion  in  such  blood  than  in  that  of  the  arteries*     But  it  must 
w  Iwjrufj  in  mind,  that  the  urinary  excretion,  whicii  is  undoubtedly  Ibrmed  at 
^he  rxpcij^c  of  the  products  of  the  disintegration  of  the  tissues,  is  secreted 
f^t>m  arterial   bhwd;  and  since  the  bile  is,  as  it  were,  the  compkment  of  the 
^ftnt  ^the  ultimate  compi>Denl«  of  the  two  together  making  up  the  cotnposi- 


,  /^'Jr  Ecnmnlftsdcr  Leber,  Wiiry;ljurg,  ig,i7. 

^  '^    5.]irn  ,ipi  Fby*ioli>g.  Iii-titiitzii  Amsterdam,  18G1, 

,  kF*p'»4  JwUrbtiLiier,  1878,  p.  *2iS. 

4  Rcndui,  185ti,  p.  403. 

^  ■  ii-t,  wiif^  rf»unt!  to  be  ih«  *!««<*  in  tho  orily  instance  in  ' 

c  1  with  fiutliciiTit  traro.     St?e  Ei^rridtij  loe.  cit. 
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de  rOfgniilfiniP,  lfiri9.  vol.  ii,  p.  195. 
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tion  or  blcKid),  tliere  &eems  no  reason  why  arterial  Wood  ehoiikt  im)|  hmk 
ilg  matt^rials  as  almadantly  (or  nearly  »o)  m  venous.     The  rcnl  rxphTTntt:5it 
of  the  pecuHnr  relation  of  ihe  Liver  to  the  Venous  clrt-is- 
to  be  found  in  the  action  of  ilie  organ  up<jii  the  matters  uy 
the  circulation  from  the  alimentary  caual     That  this  action  ii^  yotoiityiF 
siniilaiive,  a^  already  ^liowu  (chap,  vi,  sect*  3),  but  h  also  to  a  certsm  es* 
tcm  de|>iirative,  apf^are  from  the  fact  that  the  liver  tends  to  remoVK  mm 
the  blood,  and  Ui  fjtore  up  In  tU  own  sulrfeitatjce,  certaiu  foreign  usattei^  ttf  tt 
injuriuus  kind, — such  as  cop(ji?r  and  arseiiic, — which  have  found  their  wif 
♦  into  the  trtbutariei!  of  the  ptutal  wyytem,     Thl*  eeems  also  to  be  thfrm.-e  mii 
respect  to  pus,  which,  when  taken  ujt  from  ulcere  in  the  inle^iual  nalki 
8ti>|))x^d  in  the  liver,  aud  not  unfrequeiitly  gives  rise  to  ab^ce^iseii  in  it^  ml^ 
stance  J 

303,  There  Is  strong  remon  for  believing  that  th^  tWitiU  4 

t!ie  Bile  are  elaborated  in  the  liver  itself  and  are  not  j  hf  \)koi^l 

since  although  thete^ts  for  biliary  acids  are  far  more  delk-ate  r 
ployed  for  the  detection  of  urea,  no  trace  has  been  discovered 
Wood  of  animals  whose  livera  have  been  extirpaled^  though  i: 
peeled,  that  if  like  the  coraponenta  of  the  urinary  seerc*t ion »  i.  _ 
in  the  circulating  current,  and  are  merely  etimtDated  from  it  by  the  actioD 
of  the  liver,  they  would  accumulate  in  it  when  that  elimiuati'  **  :.        '  ' 
by  the  removal  of  the  secreting  organ.     Some  of  the  eonstituei 
complex  secretion  may  uudoubledly  be  found  in  other  organ*  tu  ju.i 
hody,  thus  chole^1e^n  is  ftmiid  iu  the  blood,  lymph,  mo?ft  glandj«,  «i 
dantly  in  the  brain.     Tuurin  is  a  constant  constituent  of  the  In 
cles  of  many  animals,  and  Tanrocholic  acid  is  stated  by  Cloe;  mn 

to  exist  in  the  ^upnirenal  Ciij^sules,     Glycocoll  can  easily  be  i  -<  n\ 

hippuric  acid,  whieh  is  constantly  present  iu  the  urine;  and  <  iu* 

ing  matters  bilirubin  and  biliverdin  occur  normally  in  the  pUK^tnu 
dog.     Still  there  can  be  little  doubt  that  the  pigmentary  suh^csncof  ai 
conjugated  triuro-  and  glycocholtc  acids  are  formed  in  the  liver  ilH;M| 
that  they  are  produced  at  the  expen^ie  of  substances  of  an  excn-iiirnti 
character,  whose  retention  in  the  circulating  current  would  Ik^  '  \hk 

being  strikingly  demonstrated  by  the  disturbance  of  the  fundi!.  ^  alJr. 
and  especially  of  those  of  the  Nervous  system,  which  is  eonsefiuent  upm  li* 
suspeusrion  of  the  st-creting  process.  When  the  suppression  is  eomplrt^t  t^ 
powers  of  the  system  are  speedily  lowered  (almost  as  by  a  narei>tic  pf»i*tiii\ 
the  patient  suddenly  becomes  jaundiced,  and  death  rapidly  gij|>crviaiA* 
When  then  secretion  is  diminished,  but  not  suspended,  the  same  isrmt»uant 
pre^ient  thetnselv^  in  a  less  aggravated  torin.     it  is  pr<>babh'  "  Hrf 

the  dis<irder  in  the  functions  of  the  brain,  and  it  hsu^  been  v  >IIf 

shown  by  Rohrig  that  the  well-marked  diminution  of  th^  f^ 

heats  of  the  heart  which  m  constaatly  accompanies  derail.  ^^' 

digestive  system,  and  especially  janud ice,  are  due  to  the  It*-  ?«' 

titm  of  the  same  cause,  namely,  the  partial  retention  within  ^*^ 

certain  constituents  of  the  bife,  which  should  have  hejan  elimina  'i  " 
the  circulating  fluid.  Such  au  abnormal  accumulation,  which  maj  li-r " ' 
either  on  a  deficiency  in  the  functional  activity  of  the  liver,  or  on  anKWi^ 


*  Se€  Dr.  G.  Btidd'^  Tremti^  on  Disease  of  tlio  Liver,  2d  odiL,  cherp,  tl«  ♦tf^t  t 

*  Spo  Prof.  AlieoTi  in  Edin.  Mod,  und  Sunt,  Journ.,  vol.  ^^'^■'  ■  "-■*  '•-  BniM»Jfj 
fit,  rhMp  iiL  Aus^tio  Flirit  (  Fhj^ialojjy  of  Man,  vol,  iii,  p  .  »iicsi« 
tliAl  it  ifi  the  elioli>fit#tHn  vvhicU  «i  U  ae  the  poiionous  H|rent,  >i  t'"  ^*^ 
»*i.'litiU**lera^uiiu^*  fur  this  form  of  blood-pobtining ;  biit  tht  *"* 
Bitter  (Hobiifi  Journul  do  l'Ai»«itimio,  1i76,  p.  17) j  on  thr  ^^^ 
cMestcrin  itre  oppoaed  l*>  Dr,  Flint'*  view. 
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of  the  exeremeiititii)Ug  matters  bmiiglit  to  it  for  ollmiitntlon,  h  Imbitiml  in 
mme  pGrma^;  and  it  produces  a  dej^ree  of  indi^poditiou  to  bodily  or  mentxil 
tsrcrtioQ,  which  it  is  difficult  to  couuteracL  More,  probablj,  is  to  b*?  gained 
In  giuch  eases  by  tht!  regnlation  nf  the  diet»  e^jjecially  the  reduction  of  its 
hydroearbonaceous  components,  and  by  active  exercise  (which,  by  augnient- 
ing  the  respiration,  will  promote  the  eliminalion  of  any  superfluity  of  this 
kind  through  the  lungs),  than  by  ctintinually  inciting  the  liver  to  inerea^ed 
functional  activitVt  by  medicines  which  have  a  sj^ecial  power  of  tein|>in'ai'ily 
augmenting  iL?  energy. ^ — ^The  excrement itiou*  character  of  the  Biliary  secre- 
tion is  very  strikingly  indicated  by  iu  formation  during  ftetal  life;'  which^ 
aa  it  can  then  have  reference  neither  to  the  function  of  Dige:^tion  nor  to 
that  of  Rei?piration,  must  be  regarded  as  having  for  it^  purjKjae  to  frt^  the 
blood  nf  the  matter  which  would  be  injurious  to  it.  And  tlitii*  mutter  can 
bartily  arijse  from  any  other  source  tlian  the  **  waste"  of  the  tii^^uea  (conse- 
queut  upon  ihe  limited  dumtion  of  their  existence),  which  take^  places  even 
when  the  life  of  the  organism  k  inotst  purely  vegetative, 

3!)4.  From  what  component^-^  of  the  Blood  the  materlab  of  the  biliary 
iieretion  tire  immciHalely  deriveii,  is  a  question  that  canuot  yet  be  quite 
Miisfactortly  answered.  The  clo.se  resemblance  in  compo.^ition  between  the 
resinous  acids  of  bile  and  the  ordinary  fatj*  ^  especially  ulein),  naturally  9Ug- 
gestji  the  idea  that  they  are  drawn  from  the  fatty  matters  of  the  blo^id  ;  an 
opinion  which  was  supported  by  Lehniann,  on  the  grountls — ^firat^  of  the 
dimini!^hed  proportion  of  fat  contained  in  the  Hepatic^  as  compared  with  the 
Porial  Venou.^  blood  ;  second ly»  of  the  increase  in  the  quantity  of  bile  ob- 
served alYer  rich  fat  food ;  and  thirdly^  of  the  emaciation  which  occurs*  in 
animals  as  a  consequence  of  the  forinaiiou  of  a  biliary  fistula,  in  spite  of 
ahtjndant  supply  of  albuminous  food.  It  must  be  acknowledged,  however, 
that  there  are  various  objections  to  tijis  view,  both  physiological  and  cliemicaL 
Thui»  it  is  maintained  by  Bidder  and  Schmidt^  tuat  the  flow  of  bile  is  not 
ine reused  by  a  predominance  of  Ait  in  the  food,  and  that  animals  fed  exelu- 
sivdy  on  fat  do  not  secrete  more  hile  than  those  entirely  deprived  of  food  : 
whilst  it  ha*  been  found  by  Nuijse,  that  it  is  to  the  presence  of  a  large  amtmnt 
of  nlbumiuoui  compounds  in  llie  fond  that  any  great  augmentation  in  this 
secretion  la  due,*  The  increase  of  the  ^secretion  after  each  ordinary  ingestion 
of  fofxl  (S  125),  and  its  marked  and  progressive  diminution  in  animals  en- 
tirely deprived  of  aliment  (as  determined  by  MM,  Bidder  and  8t*hmidt), 
fieera*  to  indicate  that  its  materials  may  be  directly  derived  in  part  from 
albuminouii  materials  which  Co  not  undergo  tnetamorphc^sis  into  tis^sne ; 
whilst,  on  the  other  hand,  there  is  every  reason  to  bebevc,  that  the  pi^ 
duction  of  the  components  of  bile  is  a  necessary  part  of  those  proce^se^  of 
retrograde  metamorphosis,  by  which  the  materials  of  the  «ffete  tissues  are 
reiuoved  from  the  system.     The  experiments  and  observations  of  Schiff/ 


^  The  ^alUblHcIdtT  begins  to  ctmtMin  bil*?  nt  iibtiut  the  sixih  month  *»f  intrjiiilerme 
life,  flnd  it  lia*  btM*n  f^Kitwn  by  Sinnm  und  Frerichs,  rhtit  ihe  mecotiium  which  is  ccm- 
tHirM'd  fn  ihe  inie^ltnal  lmidhI  At  birth,  is  chiefly  cum pci^cd  of  insjii^ii^titud  hUa;  Hnd 
KSihriic  (Phyfciol.  Cliemie,  IBfiB,  p,  I03)trtfli*r  refi^rring  t<i  the  rr^fiiihs  of  vflrkni«i  invca- 
tigsoino*,  nU-ervcs  tbut  tbf'  Bile  iindei-gfit^s  thRsame  chiiiigea  m  the  in  test  in  03  11&  when 
boil  I'd!  wilh  ucids  or  Hiikulii:'?,  or  when  iiHowud  la  putrefy,  Tbe*G  {^hnnge^i  eoJitimence 
In  lln!  Kuvt^r  i>;ift  of  tlio  ileum,  Hnd  tire  eornjilcti'd  in  the  cukiuo  and  r^olniv.  Glyeo- 
cbitlie  neid,  which  h  d*H*omj«)5<?d  with  «lifllculty,  mny  fr<»t|uenlly  bo  fmind  in  the 
fjPt^ns  iif  >ihiiiiaU,  h\  whioh  it  ct»n*titutea  the  chii>Y  biiinry  Hcid,  whilst  in  the  fivvm  of 
CiirriivorH,  whose  bile  is  prineipnily  eoiiiposed  of  Tiiuroeholle  ftcidj  tmJj  choUilic  weid 
ipjwurA.  Acoor^ing  in  BiM^hoff,  mnn  di*chiirg«s  nbout  oO  grnins  of  the  bilinrv  neid* 
bj  thi*  fiiRrfrs  per  diein,  wliiUt  VoitV  i*sUinnltia  i^ive  170  pruina  us  the  quMiitiiy  daily 
formed  by  the  liv#*r  ;  i:30^rain'i  mu*t  lb  t*  re  fore  &j  reiib^orbed  or  otherwb^  disputed  of, 

*  S<*e  Pruf.  LrhiTirtnn'^  l'b\siit1og1scben  Chemie,  2d  edil.^  Bd   ii,  pp.  64-^*6, 

•  Ptlil-er^*  Archiv,  1870,  p'.  61)9- 
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Lii9*ana,'  and  others  have  demoQslmted  thdt  a  i?oii!?taot  cirru!»tbo  nf  Iflt  j 
takes  place  in  beahhv  conditions,  so  that  a  large  portkiii  of  Uiat  whirJj  1 
been  secreted  bv  the  liver  and  discharged  iiito  the  hjie^tiEieH  h  rtahteekM 
from  thcDoe  and  again  ^parated  by  the  liver.     They  fbiitid  thai  i-n  VLi*r!iinf1 
a  caniila  into  the  gall-bladder  after  tying  the  dutntisroiiHr 
the  disr^hnrge  of  Bile  was  ronsiderabte  for  the  spare  of  hah  t  : 

during  thn  period  perforniing  the  part  of  a  secrtHiog  m  wtj ;  - 1 

ing  organ,  bnt  rapid  diminntion  then  took  plaee  iti  the  arutruu*  .ji*  xi»i^ 
from  the  canula,  because  Bile  no  longer  enterefl,  and  eotdd  iheniifiyre  m 
longer  be  absorbed  from  the  intestine.  When,  however.  Bile  «ra#  imtai 
into  the  blood,  the  quantity  eliminated  quickly  underwent  tticresse,  tbauck 
it  again  dtminii^hetl  when  the  additional  quantity  had  been  excretefL  1%$ 
cholagogue  action  of  calomel  appears  to  be  in  part  due  to  it*  r^/^vf  a 
diminution  in  the  absolute  quantity  of  Bile  formtKi,  as  wits  -  tk* 

experiments  of  the  Edinburgh  Committee  of  the  British  Asy-  h^n 

eliiefly,  as  Dr.  Bnintun'  maintatnf,  to  its  stimulatirig  aclioii  nn  iht*  duotkimB, 
which  eauj?es  the  rapid  transmi^ssion  of  the  Bile  through  this  pirtioQ  of  ife 
intestine;  and  if  it  he  combined  with  sulphate  of  magtieraf  or  oiher  wUat 
purgative,  it  is  rapidly  expelled  from  the  system  ;  so  tliat  the  reml»>arptM  4f 
the  exees$ive  quantity  resulting  from  too  free  living  is  eflectually  pr^eotiid, 
and  the  "  biliousness  *'  so  often  complained  of  is  temiwrarily,  at  b^-'  -♦  •^- 
[Rutherford  and  Vignal  in  experimeuting  with  calomel  on  dn^ 
diminished  the  hi liar\^ secretion  in  three  cases, and  slightly  iDcreti>«:<t  u  i 

S95,  In  regard  to  the  influence  of  the  Nervous  system  oa  tli€  fecnrticni< 
Bile,  the  results  of  experiments  are  contmdictory:  thu?«,  wl   '  =  ^*  * 
that  no  etfect  is  produced  on  the  secretion — in  regani  to  ti  - 
— by  scotion   of  the   Pneumogastricss,   Phrenic*,  SplfiUf  ; 
thctic^  by  destruction  of  the  Cceliac  Plexn?,  nor  after  d*^> 

nerves  entering  the  Porta  Hepaiis,  prtvyided  the  Mipply  t-l    .; ., 

terfered  with,  Rohrig*  found  tliat  section  of  the  spUini-hnu-  or  -r  li,. 
cord,  either  of  which  causes  ditatiiiion  of  the  abdominal  ve^sif  U,  h  :^ 
by  increased  flow  of  Bile,  whilst  on  the  contrary  reflex  irritati<tn  >f  t 
(as  by  stimulating  a  sensory  nerve)  by  ciintraoting  the  ve^isek  ditiTini 
The  reason  of  this  is  that  the  most  important  factor  in  the  feeerciiou  4>:  Uij; 
h  the  rapidity  of  the  circulation  through  the  vessels  of  the  abdotnitud  »] 
cera.     Irritation  of  the  Spinal  Cord  k  without  eSect  If  the  splaiicliaks  ktft 
been  previously  divided,* 

396.  But  besides  the  secretion  of  Bile,  it  appear?  t^"*  --  ^'ler  |i«i|ioiii  ^ 
fulfilled  by  the  Liver^the  prmluction  of  an  amyloid  temiaC^f- 

eogen ;  and  we  shall  no^   proceed  to  consider  the  *  -  wbidi  fciw 

-been  aseerlaincd  in  reference  to  this  so-called  ^*01y«  i ticliiin  nf  tit 

Liver."  It  had  long  lieen  well  known  that  Vegetahle^  vscrt;  capable afp» 
dticing  StaiTh  and  Sugar  from  the  inorganic  materials  of  their  Aiod.^  d* 
preaenee  of  the  former  as  a  constituent  of  the  animal  body,  in  the  U^  t/i^ 

*  Lii^^ann,  Lo  ^^penmentjilo,  t.  i%ixj  p.  3S7.     See  alto  Brit.  Mi»d.  «fiatiri^»i|  J**fli>F 
4th,  im^.     Mhtiui,  loc.  Hi. 

'  S^^e  Tmn^fictTt^ns  of  BritUh  A^^oeialicm  for  the  AdvuneeniMil  of  ^< 
p,  2J4,  in»d  H<*nneti's  Trxt-Bimk  of  Phyeiitl<>gji%  1*^72,  p.  253.  Tbv 
iljjiply  showt'ci  ihNt  Ihp  livor  forfri^d  Ifj*  bile. 

*  llriini*jr*j  in  PnictUioacr,' IST-i,  p-  412; 

*  [Ktigltfih  JiitJr,  rtt  Physiology,  wL  1875*     Et3pnntc4  in  Boetoa  M^^' 
Journiil,  Mnrch  imb^  1876.] 

*  Slrlcker'e  Jiihrbijctn*r,  1878. 

*  Sw  HHdpnhHin»Ct?ntrniyi«lt.  )8fi7.  p.  C0!!»  And  IMK  p.  710;  nr^d   M 
ger'ip  Anluv^  iJd  viii,  p  151,  who  think  ihut  iber©  ii  m  priomry  int'ri>i»i^  i  L 

€»ii  IrHinLinn  nt  tbtt  »|)Hi&1  cord,  whklj  i«  dm*  lo  I  he  coatrniri'tuu  of  t)ii]  tti^*^ 
fibroi  tUi^y  bvlit?¥e  lo  bu  prose  at  in  the  biliury  ducu. 
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of  the  Tunicata,  announced  by  Dr.  Schmidt,  and  corroborated  by  the  ob- 
servations of  Lowi^  and  Kolliker/  was  considered  to  be  only  interesting 
because  it  destroyeti  what  had  till  then  been  looked  upon  as  one  of  the  most 
important  means  of  distinj^uishing  the  tissues  of  the  animal  from  those  of 
the  plant.  In  1848,  however,  Bernard'  observed,  that  whilst  the  Blood  of 
the  Bvstem  generally,  and  that  of  the  Vena  Portae  in  particular,  in  an  ani- 
mal fed  exclusively  on  meat,  appeared  to  Jbe  destitute  of  Sugar,  a  very  nota- 
ble quantity  could  be  detected  in  the  blood  of  the  Hepatic  Vein  and  right 
heart — that  is  to  say,  in  the  blood  which  had  passed  through  the  Liver.  He 
immediately  inferred  that  a  new  function,  the  formation  of  Sugar,  was  to  be 
attributed  to  the  Liver;  that  the  sugar  so  produced  was  thrown  into  the  cir- 
culation, and  then,  by  undergoing  combustion,  ministered  to  the  mainte- 
nance of  animal  heat.  Ho  was  supported  in  this  view  by  the  authority  and 
analysis  of  Lehman n,'  who  suggested  that  the  Sugar  might  proceed  from  the 
decomposition  of  albuminous  compounds,  since  there  was  a  smaller  quantity 
of  albumen  in  Hepatic  as  compared  with  Portal  Venous  blood ;  and  there 
were  also  good  chemical  grounds  for  supposing  that  albumen  might  split  up 
into  nitrogenous  compounds,  represented  by  the  conjugated  biliary  acids 
(which  also  contain  the  sulphur),  and  into  non-nitrogenous  compounds  rep- 
resented by  Starch,  Glycogen,  and  Sugar.  Schmidt  (of  Dorpat)  conceived 
that  the  Sugar  might  result  from  the  decomposition  of  the  tattv  substances ; 
whilst  Frerichs  thought  that  the  albuminous  substances  might  oreak  up  into 
Glvcoeeand  Urea.  Bernard*  himself,  however,  was  disposed  to  consider  that 
Bile  and  Sugar  were  pn)duced  in  the  Liver  independently  of  one  another ; 
first,  because  the  formation  of  Sugar  was  most  active  at  a  much  earlier 

Griod  after  food  than  that  of  Bile;  and,  secondly,  because  in  one  of  the 
ollusca  (Limax  flava)  he  found  that  the  liver  secreted  sugar  and  bile 
alternately,  the  former  during,  the  latter  af>er,  digestion.     The  observations 
of  Bernard,  from  their  novelty  and  interest,  attracted  the  attention  of  many 
chemists  and  physiologists,  and  it  was  soon  shown  that  sugar,  though  in  com- 
paratively small  proportion,  was  frequently  present  in  the  blood  of  the  gen- 
eral circulation,  and  of  the  Vena  Porltc,  as  well  as  in  that  of  the  Hepatic 
vein.     Thus  Chauveau*  found  in  the  arterial  blood  of  a  II.)rsc,  which  had 
fasted  for  six  days,  0.06  percent,  of  Sugar,  and  in  the  systemic  venous  blood, 
0.O5  per  cent.    Colin  also  detected  trac(«  of  Sugar  in  the  Chyle  and  Lymph. 
Very  careful  investigafions  were  made  by  Dr.  Harley,  Poiseuille,  Lcfort,' 
tnd  others  to  determine  the  proportion  of  Sugar  in  the  Liver,  and  in  the 
Mood  drawn  from  different  parts  of  the  body  in  animals  under  different  cir- 
cumstances, the  genera]  results  of  which  appeared  to  be  that  sugar  existed 
in  the  arterial  blood  of  the  Dog  in  the  proportion  of  about  1.5  per  1000;  in 
the  Vena  Cava  inferior  below  the  renal  veins,  0.54  per  1000;  and  in  the 
Vena  Cava  inferior,  above  the  diaphragm,  I.e.,  above  the  entrance  of  the 
Hepatic  Vein,  1.12  jMjr  1000.     In  Herbivora,  the  quantity  of  Sugar  in  the 
Wood  of  the.  Hepatic  Vein  amounted  to  about  1  percent,  during  fasting, 
■'Jd  from  li  to  2  per  cent,  at  a  period  of  full  digestion,  whilst  the  mean 
J^antity  found  in  tne  liver  substance  was  said  to  be  from  J  to  2^  per  cent, 
fhe  much  larger  proportion  of  sugar  obtained  from  the  liver  of  Herbivor- 
?***  as  compared  with  Carnivorous  animals,  especially  after  a  meal  contain- 
'??  much  amylaceous  or  saccharine  material,  naturally  led  to  the  su[)posi- 
^'^u  that  these  substances  were  derived  from  the  aliment,  and  were  merely 

*  Annnlcs  dos  Sciences  NaturoUos,  18-l»5.  '  Archives  Gen.  de  Medecino. 

*  Cfimptes  Kendus  de  I'Acud.  dos  Sciences,  1855,  p.  587. 

*  L'^nnK,  1854-55,  p.  93  etHH).,  n  view  which  has  been  supported  on  histological 
8''»und«  by  Accolas,  Thehis,  Slra*hoiirjr,  ISfi?. 

*  Gii2.  Med  ,  1857;  L'Uuion  M^d.,  1857.  «  Gnz.  M<Sd.,  1858. 
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deposited  In  the  tissue  of  ihe  liver  j  ftod  we  acv 
Sari^oD*  arriving  at  the  eon  elusion  that  vegeiabl*'^ 
ducing  i^tarchf  a  part  of  which »  when  farmeil,  is  applied  by  th 
nutrition  of  its  own  tissues,  whilst  another  part,  itored  up  in 
suhservient  to  the  nntrition  of  Herbjvon>ua  aiiiniaf:«.  In  thtse  Rgain^apor 
lion  of  the  stttrch  is  consumed  in  the  vital  processes,  whilst  anoiher  p^irtim 
m  distributed  to  the  tissues,  being. esijeeially  aim ndant  ifi  the  liver  i  sn*i  Ift 
this  source  they  believe^l  the  sugar  contained  in  the  bloi>d  of  Cnrotro 
traceable.  This  view,  hfuvever,  became  untenable  when  it  was  sbownl 
in  aninmis  fed  eselusively  for  months  on  ordinary  butchers'  ment^  in  ^ 
no  trace  of  starch  or  sugar  is  present » the  presence  of  sugar  in  the 
Ihongh  in  murh  smaller  quantity,  could  readily  be  demonstratetl.  In  sidT 
ca^^  It  wns  obvious  that  the  sugar  could  not  he  derived  diretrtly  fftxn  tbi 
aliment,  but  must  have  been  the  result  of  meiamorpbosea  taking  pbet  ia 
the  economy, 

397,  In  the  meanwhile  Bernard,  pursuing  hi?^  tnvc^tigaib&s,  ww  fitrnck 
With  the  circumstance,  that  if  the  vessels  of  the  Liver  wem  tlidrfMtgklf 
cleared  of  Sujpir  by  the  injection  of  water,  a  fre,^h  supply  of  thai  i^bftaaot 
could  be  obtained,  after  the  lapse  of  a  fe\r  hours,  upon  reinjectioo  ;  siiflviiig 
not  only  that  the  prothietiou  of  sugar  mu^t  be  e%ternal  to  the  ves^ehi,  awl  ta 
the  very  substance  of  the  organ  it^lf,  but  also  that  it  is  cap^btin  of  takiii^ 
place  quite  independently  of  all  vital  action.  From  a  con^idertilkHi  rf 
these  facts,  he  was  led  to  inquire  whether  there  might  oot  !>e  itome  »^ 
stance  formed  by  and  pre-existent  in  the  hepatic  tissue,  from  th^  mdiMmttt 
phosis  of  which  the  sugar  proceeded;  and  hc»  eoiucidcf"  ■•  Heaaei' 

a n d  Fa vy  *  was  soon  s u cce^ Jul  in  ob ta i n i n g  a  pecu  1  ia r  s t j:  \ ^mammn^ 

properties  intermediate  between  those  of  starch  and  dcKtriti^  tutd  rapab^ 
under  the  action  of  ferments,  of  being  readily  converted  into  ^^u^n  aaJ  rf 
ultimately  undergoing  alcoholic  or  lactic  acid  fermentation,  Thif  #ubstmnfli 
wa*  termed  Glycogen  by  Bernard  ;  Hepatin,  or  Amyloid  «}ub^tari<5e,  br  Pay, 
and  Zi^amylin  by  Kouget,  It  belongs  to  the  group  of  eoltuiilal  t>r  micHiiit* 
fiible  bodies  (Pavy),  The  great  iuduence  exercise4i  by  ilu*  naiune  «if  tkf 
food  on  its  amount  has  l>een  clearly  shown  by  Dr.  Favy,*  MrDooi*(fIl  iiJ 
T»eherinoff,*  Dr,  Fa  vy  found,  ou  analyzing  the  livers  of  ilo—  ♦"-i 
flively  on  animal  diet,  about  7  per  cent,  of  amyloid  »nh^tai! 
those  fed  on  meat  and  sugar  it  amounted  to  14,5  per  cent,:  mm  ni  riiwel 
on  iregetahle  diet  alone  to  IT  per  cent.  In  caj^es  where  aiiiittab  wef«  Mml 
starch  ami  sugar,  the  livers  were  pale  and  pulpy,  No  amvlotd  tniblaicel 
was  present  in  animals  dying  of  starvation  or  wanting  die-eiise*'  Tli#  l 
of  Glycogen  in  the  Liver  m  those  animals  in  which  the  ttastic*  of  iJtm  afpa 


»  Joiirn,  d«  la  Phy^iuL,  1858.  p   214;   iy51>,  p  101. 

'  Arch IV  f.  Pfttli.  Anrti ,  Bd.  li,  p.  39^. 

»  Guy  5  Hospiuil  K*»port-.  1838,  p,  291 ;  IBS©,  p.  20i;  IfSl ,  p.  1B7;  Plin.  TnnL,  li 

'  Pliil  Trnns.,  1860,  p   mL  ' 

*  SiU,  a.  k.  Akud,  zu  Wien,  B^,  li,  1865,  p-  412.     S«w  »t*o  Dock.  ?M^t  hrd^ 

Bd.  V,  p,  67L 

^  Tbi»  h  not  in  (leeordHncc  with  Bi^niitrd'i  «*x  peri  men  ts  {R«>tuo  Si*li»nt,,  t  wiVul^^tU 
73,  p.  1155}  who  fi-iond  glyco^iin  in  hi*  cuns^litnUy  prl?s.lmt^  rvfn  nfirr  prtUi^tz*^  fii^ 


ing.     Diick  stiites  thtit  when  in  conspqucaceof  innoiiii^n  n 
fpinii  the  liver,  the  Ingestion  or  tuf^nr  int<i  ih'*  slomjicli  citiisi 
qUAatitic9  in  the  liver  in  the  -soiip»«  of  u  ftjw  hmtr!*,  btit  nn  !sn   r^ 
in  rubNtA  by  the  inijestion  of  albiimf^n.     St*e  TieijoU  id^^m^   I 

difll^n^ncea  iJ!  Iho  mrnuont  nf  g!vcoir**ii  found  by  diffl*r%^^-'     '    

iimnitr  condiui*m5  ninv  pr^rhnps  be  du©  to  Ihi*  t:irt:tim*tt« 
(CfittPwlbUu  t  d.  Mt/d.  Wisi  ,  1875,  p.  117),  that  the  l- 
H,ku  ptacu  wkh  en^un)  etkvr^y  in  nil  purts  of  tbe  liver,  %ome  prcKiuciag 
diintly  than  others, 


.f4 


;  It  IDOCi  ilV*  I 


TUB    LIVER  —  FORMATION    OF    AMYLOID    SOBSTANCK^ 


485 


ipactp  is  much  hm  than  in  those  in  which  it  is  loose.  In  the  Horse, 
for  example,  it  i^  at  least  three  tinvcs  less  *han  in  the  Rabhit.  In  Fowls, 
Bnjcke  found  it  might  reacli  the  high  proportion  of  12  per  cent,  of  the 
lutal  weight  of  the  Liver.  In  rabbits  snhniiacd  fur  scvtral  days  prior  to 
imth.  to  different  dietaries,  it  hns  been  lound  that  cane,  ntilk,  and  grape 
sugar  (I hough  not  manniteX^  and  starch  always  led  to  a  large  percentage  of 
amyloid  eubetiinee  in  the  Liver,  this  orgun  appearing  to  j&eize  upon  these 
Bulif^iances  and  store  them  up,  ^n  that  the  sudden  entry  of  a  large  quaniity 
into  the  genernl  circulation  is  prevfured*  If,  however,  a  very  considerable 
<|nantity  tif  ^^ugar  be  introduced  into  the  Mornach,  eiipecially  if  it  be  empty 
(rts  it  commonly  tg  in  the  dog),  it  it*  cjuiekly  absorbed,  and  though  conveyed 
to  tbe  Jiver,  this  organ  t.s  unatde  to  metamorphose  the  whole  of  it,  and  the 
tH^rtion  whicii  escapes  entering  the  general  circulation  is  discharged  by  the 
Kidney:*,  providing  It  exceeds  three  per  cent,  of  tbe  blood,  Tbe  Mme 
Quantity  nf  Sugar  may  be  dii*poi^ed  of  without  producing  diabetes  if  it  be 
ige^terl  ^h*wly^or  when  tbe  i?tonmc4i  is  full  (as  it  commonly  is  in  rabbits), 
mi  thu^  Bernard  accounts  for  the  difference  in  regard  to  the  appearance  of 
Swgar  ID  the  urine  after  the  administrutiou  of  the  same  fiuantity  to  d<igs  and 
rabbit!*.^  Although,  as  the  foregoing  experiments  ^^how,  tbe  amyloid  sub* 
stance  is  much  n»ore  abundant  in  tlie  livers  of  animals  fed  on  sUirch  and 
gugar,  from  which,  therefore,  it  doubtless  in  part  proceeds,  it  roust  not  be 
overbmked  that  it  is  al^o  present  in  animals  confined  lo  a  pure  meat  diet; 
iu  which  case  it  is  probable,  that  it  pnu-'ceds  from  tbe  disintegration  of  al- 
buminans  ctimtHmjid^  into  liydriK'arbunaeeous  and  nitrogenized  substances/ 
III  Granivorous  and  Herbivorous  animals,  as  in  fowls  and  rabbits,  the 
albuminous  com^Mmndr^  do  not  appi^ar  to  be  well  adapted  for  the  production 
of  glycogen.  Thus  Weiss*  found  only  traces  of  Glycogen  in  the  liver  of 
fowls  led  Ibr  a  Ibrtnight  on  flet^h  mid  fibrin,  and  Dock  frmnd  none  in  rab- 
fifd  with  wliite  oi'  eg^.  The  name  conclusion  may  be  drawn  from  the 
et  that  tbe  quantity  i»f  ^lycogt-n  in  the  liver  of  animak  starving  to  death, 
and  when  tberefure  they  are  living  mi  animal  diet,  is  greatly  reduced.  In 
1^59,  Bernard'"'  tletectt^d  tlie  presence  of  amyloid  subi?tance  in  the  placenta 
of  riiiiiimints,  iu  which»  or  rather,  as  has  been  since  shown,  in  patches  of 

i0#lb  lying  on  the  inner  surface  of  the  amnion,  it  exists  in  considerable 
I) titles.     Shortly  aiterwards,  Hmiget*  discovered  it  in  various  embryonic 

^cellular  tissues,  as  in  the  epithelium  at'  the  skin,  and  of  the  alimentary  and 
gen  it  i^  urinary  mucous  membranes.  It  is  renmtkahle  that  it  is  not  tbund  in 
the  liver  till  its  histological  develofiment  is  conjpleie<!,  or  until  about;  the 
middle,  of  intrauterine  existence,  Suhstances  presenting  the  reactions  of 
starch  iir  of  dextrin  have  recently  been  discovered  by  Jalfe  in  the  substance 
of  the  brain,  by  LimpricbtMn  the  nmscles,  and  by  Kiihne  in  various  glands 
and  patbiilogiial  gn>wths.  Amyhiid  substance  has  been  found  also  in  the 
bmlies  of  several  invertebrate  animals,  as  in  the  snail  (Bernard),  cockle 
(Bistii/j,  tape  and  round  worin  (M,  Fustei'),  mussel,  and  oyster  (Pa vy^") ;  but 

>  Hve  Lirthiiirgi^r,  rflngcr'fi  Ari-luv,  iid.  viii,  »ntl  Sulomvn,  Vircbow'a  Archiv, 
Build  Hhit.  ^ii:i, 

'  Sw  linuitim,  Loclnrcfi  in  UrltUb  UrA,  Jovirniil,  1S74,  pp.  I,S9|&nd221;  and 
Bcl>oplfi*r,  Arch IV  r  Ex)»frimenL  PhIIi  ,  I8::i,  i,  p,  7:!* 

*  So*'  H!»ppt'-SSt*ylpr,  PtliiL^i^r'ii  Arrtov,  ILL  vii,  p,  iiU^.  Salomon  {Virchow'*  Archi??, 
Bfl.  \\i,  JST4,  |K  R52)  hji*  dMnhJT>!-tnitrd  cleuHy  thtit  glycogen  m  furnitMl  in  llie  Hver 
ffnfn  |<;f4iittn  iut  vtt*\\  hs  fpum  rtlb*ifn**n. 

*  Sitzyll^^^^e^.  d    Wirn.  Akad,,  iJd.  Ixvii,  nlitti.  8. 

*  Uriiwir-S^iurtrd'a  Joufm*!  d*T  U  PlivM-d..  18 VP,  p.  m      •  Id,,  p.  83. 
'  Annnl'-n  dt^r  Ctit  inn?  urid  Pfuirui  ,  Bd,  cxxxiib  p,  2t*3, 

*  CVtiiptc*  Kendu^i  Ixlit  p  ST 5. 

*  PriK-vedinga  ot^  ihe  Uuv,  Sue.,  IMB^  No.  79,  ^  Op-  cit ,  1808^  p,  77. 
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m  these  instances  it  appears  lo  have  little  tendency  lo  becotiie  tniti^oniied| 
bta  supar.    The  "  corpora  amylacea  "  of  Virchow;  observed  ai  iiaiUiolog:ifftl1 
formationa  in  the  kidney,  spleen,  and  other  organs,  and  at  one  time  eon^* 
ered  lo  be  identical  with  amyloid  eubitance,  differ  from  It  esNiiitiaUy  ia  eot* 
iaiinng  nitrogen.^ 

398.  After  the  presence  of  an  arayhiid  material  was  shown  to  be  consHil 
in  t!ie  liver,  and  to  precede  the  formation  of  sugar*  it  waa  aopooKd  Ihal 
some  ferment  was  requif^ite  by  which,  either  in  the  hejmtic  eelld  tWniaelfa^ 
tr  after  the  absorption  of  the  starch  into  the  blooil,  its  cooverHiim  iaki  mipt 
eoiild  be  rapidly  effected.  Many  efforts  were  made  to  aacertalti  ihetMiCi 
of  this  ferment;  and  the  gpleenj  thymn^,  thyroid,  suprarenal,  naltvmry, i»i 
pancreatic  glands  were  successively  extirpated  by  8ehilf,'  -  t^-r, 

fiiff  being  able  to  determine  whether  any  of  them  were  u  l  iia 

f*)rmation.  Bernard,*  Hen5en,aiid  Cohnhfim,*  miiinuun  tli^i  tlie  iv*raie»t  b 
tlirown  down  with  the  amyloid  substance  on  ihe  addition  of  alcobiil  lo  tW 
cold  aqoeoii?  infiLsion  of  the  liver;  that  it  h  rendertHJ  inopentlive  hr  bailb^; 
and  finally^  that  it  is  contiiined  in  ordinary  arterial  b!oi»d,  anf!  in  tht*  bUod 
of  the  Venn  portae,  the  addition  of  such  blood  to  a  s4>luiioii  of  g!  !•:<:• 

ing  it*  eonver&ion  into  sugar.   The  neceiisilj  for  the  esij^tenct?  <j;  —  ,.  r^^tat , 
has  been  rendered  doubt  Jul  bv  the  investigations  of  I>r.  Pavy,*  whri^  exp 
ments  have  led  him  to  the  following  concloeionsr  1.  That  the  ]r  •-  • 
and  dtirinff  (ifs^  whatever  may  have  been  the  nature  of  the 
little  or  no  sugar,  but  a  considerable  proportion  of  amyloid  &u 
if  it  he  removed  from  the  body  instantly  after  death,  and  sul' 
action  of  caustic  or  carbonated  potash  or  Hxia,  or  of  extreme  ndii,  no  i 
cUarine  reaction  can  be  obtained,  though  the  presence  of  the  amyh>«dMb' 
stance  can  easily  be  shown*     2.  That,  dunmf  ttje,  there  i*  und«*r  f>nl| 
circumstances  very  little  diiferenee  in  the  aniounl  of  sugar  Cfmmintfi  T 
fe ren t  s peci  mens  of  b  1  ood ,  wh et h e r  w i t h d  ra wn  from  t lie  s ;  - wn n  i 

veins,  the  portal  vein,  or  {hy  means  of  a  catheter  introd  .mtghl 

jugular  vein)*  from  the  right  auricle  ;  the  latter  of  cour^  eontanjiiig  n  I 
proportion  of  hepatic  venous  blmni ;  the  quantity  of  sugar  pre^fcot  in  al 
Btanees  being  extremely  small,  and  varying  from  i^pthd  to  |  ^f,„th*fif  afrail 
per  cent.     *!  That  dnrinff  life^  therefore,  very  little  amy  bid  ^ubstaooe  h, 
taken  up  by  the  blood  in  its  passage  thnmgb  the  liver,  as  indeed  mt^  M 
anticipated  from  its  luw  power  of  dialydng  through  animal  m^mbcaotiUj 
On  the  contrary,  after  death,  and  frequeJilly  from  various  distyrhliig  \ 
during  life,  such  as  violent  musculiir  action  or  embarrassment  of  the  it*pJfi*" 
tion,  a  conversion  of  the  amyloid  subset aof-e  into  sugar  take^  place  in  tk 
fuhstance  of  the  liver  tt.^If,and  the  sugar  so  formed  then  f|nickljr  appranio 
the  blood,  often  to  m  great  an  esrent  as  to  occasion  dial>et*^. 

S99.  At  an  early  period  of  the  his^tory  of  the  glycogpiiic  function  of  tfe# 
Liver,  it  was  found  that  the  fonnation  of  glyrogpu  coiihl   W  m^xxr\\f^\ 
thnmgh  ihr.  fiefvom  ^ydem.     Bernard,  for  iust^ince,  ob^rved  t 
floor  of  the  iburth  ventricle  betweeu  the  origin  of  the  Pnem     ^ 
Auditory  nerves  (see  Fig,  175)  waa  pricked  widi  a  ne^dle,^  no  gnat  an 

1  Si*e  Br  Pavy'ft  Gulsioniun  Lecture*  fi>r  1S63. 

*  Unters.  ub.  die  ZaekcFhIldung  der  Lt^ber,  Wiimbiifg,  18^^, 

*  Kcvuc  Stienlif.,  1873,  Lcet  iviii.   Seo  oUo  v.  WitUdi,  CcnirRlblatt,  I«73,p,Jft 
<  Virchow's  Art!hiv,  Bd,  xxvii,  p.  24L 

*  See  hh  wurk  on  Diiibeiei,  iNUfl.   S^e  Ritier*  Edtfcliria  f  ral.  M<?d.,  BJ.  »t*t»f  ^ 
6G;  BcHiir,  Journal  de  t  Anutumici  Kolfiti,  18iiG  ;  McDunncM,  Olj4*<'rf^il«i«ti  i:«  »• 
Fiiartions  of  iliB  Livcr»  I^n5. 

*  *S<!!©  on  thi»  fHiint  al&ij  MeDf>iini?TI,  Proceed  in  ^b  of  Ibt?  Kc^vil  Irbli  -^ 
^  Though  not,  according  to  I>ock,  if  iljq  ftiiimit]  hm  been'kcpl  f*»;   .^^  '^^ 

ilnyff.     PJligcr'fi  Arcblv,  vol.  v,  IB72^  p*  &63* 
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crefl?e  wm  effected  in  tlie  quantity  of  sugar  generated,  that  that  substance 
mm  discharged  by  the  urine,  a  tern* 
pomry  eondittoD  uf  diabetei  being 
rtablisbcd.  The  ^ame  eouditir^n 
eouid  be  eMablisbed  by  irritation  of 
tJn^cputre  extremity  of  the  divided 
I^^PBu  and  by  trritatiuu  of  the  iplnal 
OT3P(Schi*i;  Moos)/  aod  by  secticm 
of  the  fpianchoic  (Griife,  Et*khard, 
HeiK^en),'  which  letl  Bchlk  to  adroit 
a  form  of  diabetes  fnmh  irritation, 
and  a  diabeiea  from  paralysis  of 
vaso'  m  oi  o  r  n  e  r veg ,  Eek  iv  a  rd  *  s  u  bse- 
quentty  showed  that  after  division 
of  the  splaacbnics  puncture  of  the 
fourth  ventricle  m  no  hunger  followed 
by  diabetes.  He  further  found  that 
wction  of  the  inferior  cervical  gan- 
glion wa»  always  followed  by  marked 
diabetes,  and  he  arrived  at  the  con-      Xo  ^ow  ihe  i>rtfUinii  of  thepunciurw  roquind  to 

clUHrin  that   the    effects    of   pricking    produce  gZucoiurU.I he  lutiea  of  th teen billuifl^re 

the  fourth  ventricle  were  transmitted  ■'•P'^raiwi^  Utiuw  an?  w^en  tht  r^siiform  hodk^  ibo 
through  the  inferior  cervical  and  the  '^'y^^^^^'*  "*'  ^^^'^^  ein.'utn«rib«  the  m^x  of  ihn 

^  ^1  .  f<  T^.    1     ^         cilamiM  tcrlulciir lilt  and  lb«  fourth  rtMitrIck,    Tli« 

upper   thomcre  ^ngUa.      Diabetes  p„Bctii™,^produ«igi3rco*«ri.jb.pi.i».iurej,eiy^ 
waa  prmloced  by  Pavy  after  divtJ^ion   eo*urin  wuh  Hjurtu,  and  a  punttuns  a  mm  higher 
of  the  sympathetic  cord  in  the  neck,  uiJihan/i,  aiuiruiimiria. 
aod  alter  division  of  the  sympathetic 

plexus  accompanying  tlie  vcrtebrul  arteries.*  The  whole  eubject  of  the 
aelioQ  of  the  nervou;^  system  upon  the  liver  has  been  carefully  worked  out 
by  Cyon  and  Aladoff'.'  The  cause  of  the  diabetes  in  all  the  above-mentioned 
inBtaiicfs  m  the  paralysis  of  the  vaso-motor  nervei?,  occasioned  either  by  direct 
injurj'  to  their  centres,  as  when  the  fourth  ventricle  k  punctured,  or  by  retlex 
irritation,  a&  when  the  Pneumogaslricsare  irritated  and  there  is  a  consecutive 
dilatation  of  the  branches  of  the  hepatic  artery,  and  a  more  rapid  circulation 
of  blood  ihrongh  the  liver  The  vaso-raotor  nerveu  for  the  liver  arise  tor 
the  roust  pari  from  the  va^o-motor  centres  in  the  medulla  oblongata  (§  254), 
and  descending  through  ihe  cord,  leave  this  by  roeanis  of  fibres  which  accom- 
pany the  vertebral  artery  and  enter  the  lower  cervical  ganglia.  Thence 
they  proceed  contained  in  two  fasciculi,  one  of  which  pat^ses  ou  each  side  of 
the  subclavian  artery,  forming  the  annulus  uf  VicusaenB,  to  the  first  thoracic 
gauglitiu,  and  so  through  the  successive  ganglia  of  the  i>ympathetic,  the 
splanchnic^,  co?liac  ganglion,  and  finalW  along  the  hepatic  vessels  to  the 
liven  The  experiments  of  Eckharo^  render  it  probable  that  in  some  in- 
stances the  fibres  descend  through  the  cord  to  a  lower  level  than  that  of  the 
vertebral  artery  before  they  emerge  to  enter  the  splanchnics.  As  section  of 
the  he[mtic  vaso-motor  nervea  at  any  point  l>etween  the  fourth  ventricle  and 
the  liver  aiuses  vaso-motor  paralysis  and  incrca^  flow  of  blood  through 


'  Hoo§,  Archiv  f.  Whs.  II(?ilk.j  Bd.  i't. 

'  Hen^en«  Vcrhand.  der  Vhy^.  Mtd.  Gif .  m  ^Vur;5btirir,  Bd.  vli. 

*  Kcbhfird,  Beitnii^e  Rur  AniiUmiie  v.  Physivbjgmi  1807,  Btl.  iv. 

*  See  Gay*j»  tlu^p/  Hop.,  1860,  p,  204. 

*  Cyoii  Mud  AludolT,  Buifelin  de  rAcndemie  Imp^rf»ltt  de  St.  P^torib<mrg,  t.  vUi, 
n.  9]/  Abstnct  in  C<*iitriiltjUtt,  1^72,  p.  152,  and  lu  Di.  Bruatoa'i  Lceturei  in  Brit. 
II  rd.  Journ. 

*  Eckliard,  Beit  rage,  Bd.  vii,  1873,  p.  19. 
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the  liver»  ?ach  eection  oiigbt  to  be  always  followed  by  glyi^oearia,  boltlilil 

by  no  tiifauH  the  cm^,  and  a  ratkmal  explatiatiou  of  ib  Dno-fjOLnirrviyoi  Ih 

been  jriven  l^y  Cyau  and  Aladuff  to  the  effect  that  although  the  fteetioa  di«i 

really  fjrmfiice  vai?o*motor  paraiv^w  of  ibe  te#ge)si  of  the  liv*?r,  yn  lb 

currviii  of  bJi)od  h  uqI  malerially  increased  iu  vigors  becau^«e  tli«  i 

titJU^  if  iimde  high  up,  eoInLnrk'ti  tally  paralyzes  the  ve!?8ejs  of  the  a  I 

vifrc^rtt,  whuh,  owing  In  their  great  Ahi\  irupH^^ori  m  it  were  a  lar]g«  aiiitf 

of  ilie  idood.     The  refiex  influenee  of  the  poeumogastHc  oervc^  tm  tke  Et 

is  Khowu  by  dividing  it  and  irritating  the  upper  r*ut  surfat^  •  nufsr  tlia 

aj>|jearj*  in  ihe  uflue  in  eDiisetjtience  of  the  jiaralys^ifl  of  iht-  ^ 

Irrilatton  *ti'  the  b*wer  rut  mirfaee  is  without  elfeet,   Tlie  \y. 

\  thtrel^jre  the  f^ensory  nerves  of  I  lie  liven    It  nmy  here  i>e  rtm  : 

Iclo-e  reIationf!^hip  of  tlie  s^ecretiotJ  of  bile  with  the  furnuitiou  . 

deruon^itniled  by  the  observations  of  I>r.  Legg/  who  haa  £b<iwu 

,  ligature  or  complete  obijlrurticai  of  the  Hepulic  duet*,  glycogen  is 

'  foi  ined  by  the  Liver,  and  that  puncture  of  the  fauith  veiitficle  tiiUs  U»  | 

duee  diabetes*. 

40(X  The  influence  of  medioiual  agents  upon  the  glycogenic  fiitH*tioci  <ill 
Liver  has  received'but  little  atteulion*  though  various  sulHliinf—  --^  ^'* 
to  be  capable  of  induciu^^  diabetes.     Coz6*  (bund  the  prnpnr  jn? 

nearly  double  botli  in  the  bver  and  in  arterial  blood  af^er  the  nrrni'.nT-irauno 
of  morphia,  Pavy*  ob,^rved  well-marked  diabetes  in  animals  aftrf  tkr  ^* 
ministration  of  pbosphonc  aoid,  and  also  after  poison-        '  ?  nla, 

when  the  circulation  was  uniintaiued  by  artificial  re  . 
tained  the  same  result  in  hinj^lf  after  eating  freely  of  iL-  iin 

poisons,  as  woorara  (Sehiff),  produce  it,  as  well  as  very  ^1 

respiration,     Ewald*  observed  it  in  Babbit'?  after  the  sub.  i  rj 

of  nilro-bt*nzole.     The  ad  rniuist  rat  ion  of  large  dose»  of  eiu.  >r 

carbonato  of  soda,  i^  stated  by  Dr.  Pavy  to  prcn^ent  the  orrnrrrnfT  of  diah**! 
under  cfrc(tin*latices  iu  whiih  it  would  otherwisie  have  becu  induced.  Dit* 
betes  m«y  be  produced  by  distnrbanceji  of  the  rc^pirfjiort/  prof^N^j^,  Thai 
it  oecurs  in  Aj^phyxia,  as  in  [joisoniug  with  carbonic  oxid<*  ':">-i  -^-  Lit^t  aijil 
Harley  observed  tt  in  aniurals   under  the  influence  of  *  ra, 

liquor  ammonia,  and  meihybitetl  spirit, ^  Rev no^o*  prod ui.m  h  i^y  r-.u^mf 
animals  respire  the  vapors  of  benzoin  and  aeetoin,  and  found  ibat  ii  folluw 
asphyxia  i^ltiwly  pro<luced  by  the  inhalation  of  carbonic,  I     '  ^nrf 

Bulphuref  tecl  hydrogen  gases.    Diabetes  may  al^o  be  prmfu*^  ^ 

in  the  c/rct r iu t mi,     Tb  m  8* ' h i iV  I o u  n d  t h a t  retei 1 1  i on  of  t  h c  I  ^ I  u  5** 

tiou  of  the  blootl-current  in  any  part,  sjueh  m  ligature  or  conip  ii* 

larger  ve«sels»  will  lead  to  iU  occurrence.     Tieffenbach,  howev  ii« 

the  amount  of  sugar  waa  increased  by  arrest  of  tlwa  circulatii-  ^f 

I  iinrta  or  %'ena  portie.     An  experiment  made  by  Winogni^l  \^ 

'gively  that  the  Sugar  h  formed  directly  or  indirectly  by  p  -'^ 

diabetes  ha^  been  produced  by  puncture  of  the  Hoor  of'tbe  lV*^i 
it  at  once  ceases  on  ablation  of  the  liver,  and  a  similar  concl 
arrived  at  by  puncturing  the  fourth  ventricle  in  an  animal  to  ^ 
has  be^u  administered  for  some  time,  for  thin  drug  has  been  foui. . 
the  formation  of  glycogen  in  the  liver^  and  in  consequene«  of  the  oS 
glycogen  in  the  liver,  sugar  is  not  produced  in  sufficient  quantity  w 
its  elimination  by  the  kidneys. 


1  British  Mad.  Journil,  1874,  p,  646,  veil,  i,  and  Arebir  t  £ip«rim»ot  fiiNi^ 
gie,  m.  ii,  Hf  ft  5, 

*  Ciiaipii'^  Rondu?,  1857.  •  ProeeHta^i  ^f  this  Koynl  SoeS<*ty,  Ko,  Si- 
«  CiTUrnlbltitfc,  18T3,  p.  gl9.  *  Sec  Proceed,  of  lU^y.  Sue.,  18^0, 

•  Anaat  d.  ScL  K«t,  1855,  p   ISL 
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40 L  The  use  of  the  aniyloitl  mibstanc€  developed  in  the  Liver  is  involved 
in  the  greatest  ob^etinty*  By  the  earlier  observers  It  was  thought  that  it  waa 
Immediately  reconverted  into  sugar,  and  undergoing  combustion  in  its  passage 
tbrtiugh  the  Lung?,  became  subservient  to  the  maintenance  of  animal  heat 
Various  arguments  have,  however,  been  justly  urged  by  Dr.  Pavy  against 
lliig  view»  and  he  is  himself  disposed  to  regard  its  production  as  representing 
the  first  ^^tep  of  assimilation  of  the  darchy  and  Bttechnrine  elements  of  our  foud; 
aad  as  these  elements  are  known  to  proceed  on  into  fat,  he  thinks  there  are 
grounds  ibr  believing  that  amyloid  substance  occupies  an  intermediate  posi- 
tion between  the  two.  The  process  of  assimilation,  he  believes,  may  go  on 
to  tbe  production  of  fat  in  the  liver,  or  it  may  be  that  it  stop^  short  at  the 
formation  of  another  principle  which  escapes  from  the  liver,  and  is  elsewhere 
transformed  into  fat,  or  into  the  resinoid  matter  of  the  bile.  In  accordance 
with  this  view  are  the  researches  of  TscherinoflTi  who,  obtaining  similar  rejjults 
to  those  of  Dr.  Pavy  in  regard  to  the  amyloid  substance,  noticed  aim  that  the 
use  of  food  containing  much  hydrocarbonaceous  matter,  as  sugar,  greatly  in* 
creased  the  proportion  of /ui  in  the  liver.  Two  theories  have  been  advanced 
to  explain  why  the  amount  of  glycogen  in  the  liver  is  increased  after  the  use 
of  the  carbohydrates.  On  the  one  hand,  it  may  be  said  that  the  carbo- 
hydrates are  more  or  less  completely  converted  into  glycogen  within  the 
liver,  and  that  they  are  Htoretl  up  in  that  organ  ;^  and  on  the  other  it  m 
maintained  that  the  carbohydrates  being  readily  oxidizabte  seize  upon  the 
oxygen  of  the  blood  aud  spare  the  glycogen  derived  from  some  other  source.' 
The  probabilities  seem  m  favor  of  the  former  view.  In  rcgartl  to  the  origin 
of  glycogen  from  okagmmts  compounds,  the  experiments  of  Bernard,  and 
McDonnell,  and  Luchsinger  with  fat  dietaries  seemed  to  show  that  this  diet 
is  anfavorable  to  the  formation  of  glycotren,  and  even  Salomon,  whose  recent 
experiments'  are  not  quite  in  accordance  with  those  of  his  predecessors,  shows 
that  the  proportion  of  glycogen  is  very  much  less  on  a  fat  than  upon  a  saccha* 
rine  diet,  and  about  half  as  much  as  upon  a  gelatin  diet.  The  concordant 
resultjs  of  WeisSj  Luchsinger,  aud  Salomon  show  that  glycogen  is  abundantly 
formed,  when  glycerin  is  either  administered  alone  in  a  diluted  state  or  given 
with  the  fiK)d,  Experiments  with  soap  diet  have  been  undertaken  by  Sal- 
omon, but  have  not  enabled  him  to  determine  whether  the  glycogen  in  nentml 
fet  diet  proceeds  from  the  glycerin  it  contains.  The  circumstance  that  the 
blood  which  enters  the  Liver  is  rich  in  JUtrin  and  albumen,  whilst  that  which 
leaves  it  is  poor  in  these  materials,  has  led  Dr.  McDonnell  to  suggest  it  as 
probable  that  th^e  materials  break  up  in  to  secondary  hydrocarbouaeeous  com- 
pounds, which  are  partly  eliminated  by  the  bile-ducti?,  and  are  partly  stored  up 
as  glycogen  ;  and  into  nitrogenous  compounds,  which  reunite  with  the  hydro- 
carbonaceous  amyloid  substance,  and  leave  the  liver  as  a  newly-formed 
protein  comjjound,  partly  perhaps  as  globulin,  and  partly  as  a  nuUerial  re- 
sembiing  casein  or  albuminose.  More  recently.  Dr.  W.  Ogle*  has  advanced 
a  Bimilar  view,  and  holds  that  before  leaving  the  liver  glycogen  unites  with 
some  albuminous  compound  which  enters  the  blood -corpuscles  and  from  them 
10  tmoeferred  to  the  muscles,  where  it  undergoes  decomposition  with  lactic 


*  S^  Pavy,  loc.  cit.  ;  T^chcrinoff,  loe.  ciL  -  Dock,  Pfliiger'a  Arcbiv,  Bd.  ¥,  p,  57. 

*  Schereraeijeweki  (Ludwig's  ArbeJten^  18(J^^  p.  164)  and  WoiaK  (Sitz.  d.  Wien. 
Aki4.,  Bd.  Ixvi^,  ablh.  8)  ttdvocnte  this  view,  an  th©  ground  thai  after  the  ftdmioift- 
tralion  of  glycerm  lb6  proportion  of  glycogen  in  ihe  liver  is  m>tHbly  incr^Maed, 
glycerin  \mn^  a  substance  not  iik<^ly  to  be  converted  into  glycog*?n.  6oth  Kuhne 
ADd  Lucbsiiiger  (Pfliigor's  Arebiv^  1873.  Bd.  Tiii,  p.  281*)  baVe  ahown  that  Um  ii 
id  tMumptinn  unwarranted  by  fai't^. 

*  Virchow^i  Archiv,  Bd,  lii,  1»74»  p.  H54, 
^  See  St.  Georg^^B  Hoepitnl  Keporti,  vol.  iii,  1808,  p.  149. 
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acitj  ami  Eiyosin:  the  former  by  it*  combusition  yhhh  niusctitar  ftiro^  ibi 
IsUer  is  returned  to  the  circulation  to  become  again  the  earner  of  a  f 

Cortion  of  glycogen .     That  this  is  its  destination,  he  thinks  h 
Y  the  fact  ttat  muscle  naturally  contains  a  not  inconsiderablts 
glycogen,  as  well  as  by  the  cirenmsta^nee  that  this  disappears  or  is 
miuced  when  this  tissue  is  brought  into  action  j*  and,  lastly,  it  is  in  ba 
with  the  fact  that  glycogen  is  abundant  in  most  of  the  tissues  of  ibei 
in  which  but  little  muscular  energy  is  expended/     Gaetghens*  fn>ni  r^prt-" 
nients  with  phosphorus  on  dogs,  in  whit^h  large  quantities  of  fat  are  fi»nTi*ii 
in  the  Liver,  rising  sometimes  to  11  per  cent.,  apparently  from  the  metAmof- 
phosis  of  albumen,  observes  that  there  is  no  increai?e  in  the  amount  fvf  iflTti>s;!ii. 
and  is  consequently  opposed  to  this  view/     Taking,  however.  ^  niuv 

tion  as  we  at  present  possess  into  consideration,  we  seem  entiti-  'vf- 

that  the  Liver  exerts  a  twofold  action  on  tlie  blood  which  i&  in 
capillaries^au  assiruilative  and  a  depnrative.     By  its  operation  a? 
ilating  or^n  it  helps  to  prepare  liistogenetic  material  for  eanTfJStoa  mU) 
blood  and  solid  tissue,  in  the  courise  of  which  it  is  capable  of  ptwtuM^  ad  J 
of  storing  up  amylaceous  and  oleaginous  material  in  its  cells,  both  of  whif^j 
are  capable  of  being  called  upon  for  the  maintenance  of  musiCulAr  foiw  aud 
of  animal  heat ;  whilst  by  its  depurative  action  it  free^  the  blood  frwro  tin 
protein  compounds  which  are  destined  to  undergo  retrograde  n]eC4iiiior|>h(if»i 
ajs  being  either  superfluous  or  effete.    A  portion  of  these  is  again,  in  all  prf>bi- 
bility,  applied  to  the  production  of  amyloid  sub:?tance  and  fat  r  whil^  ll« 
remainder,  containing  the  nitrogen  and  sulphur,  though  a  waste  of  pnn^wt  is 
in  the  form  of  the  bile  made  subservient  to  digeistion,  and  the  intr^iduc'twii 
of  fresh  material  iuto  the  blood  before  its  final  di^harge  from  the  body. 

S.  The  Kidneyi. — Secretion  of  Urine. 

402.  The  Kidfmi  cannot  be  regarded  as  Inferior  in  importnoce  U  tlw 
Liver,  when  considered  merely  as  Excreting  organs;  but  their  fnnr^  •   ■  '-^ 
consists  in  separating  from  the  blood  certain  effete  substances  w(n 
be  thrown  off  from  it,  and  has  no  direct  connection  with  any  of  the  ntiinnv.: 
operations  coucerned  in  the  introduction  of  aliment  into  the  gystefii.    B< 
following  are  the  points  in  the  minute  structure  of  these  orgti 
of  most  importance  in  their  Physiological  relations,*    Their  *: 
vascular  elements  are  inibeiided  lu  a  stroma  composed  of  tnti 
(Fig.  176,  d  (i) ;  this  is  more  abundant  in  the  medullair  than  i 
substance ;  but  at  the  surface  of  the  gland  it  In  conden^  into  tk  iA*Wt 
nous  membrane,  which  is  loosely  connected  with  the  pro|>er  capnlc  1^ 
distinction  between  the  fortical  and  the  medntlanf  part  of  the  K»dni7  ^^^ 

tiallj  consists  in  this, — that  the  former  is  by  far  the  most  vaficul&r,  tad  ^ 

_  _^ — 

<  See  Wundt,  PhyaioTogie,  1878,  p.  848. 

<  See  WejM,  Wien.  Aknd.  Ber.,  liiv.  Heft  2;  ulao  Flint.  Physlologv. 
815;  Lufifc,  New  Tark  Med.  Journ.,  July,  1870;  Tv«t*ri,  IntrMurtriry  ! 
livered  nt  Pon  n  by  I  van  ia  College,  Uav.  7th  ^  1S70;  Scni*|or,  i 

*  Ccntrnlblatt,  1871,  p.  623.  <  See  Huppprt,  V*t 

*  See  especial h  Mr.  Bowmtin^s  Metnmr  in  the  Philosoplm  n 
ftlpo  Goodeir  in  Edinb.  Monthly  Journult  1842;  Gf^rlnrh,  HUi 
Muller's  Art'hiv,  1845;  Toynbee  in  Med.-Chir.  Tmni .  l!<4(»;  J 
AnaL  wnd  Phys.,  aH.  Ben.;  Gairdner  in  Edinb.  Monthly  Juur: 
Die  BrightWheNierenkrankhoit  und  dorcn  Bthnndluui^,  1851  ;  n' 
kf>pti<;ho  Anfttomie,  and  Mmi,  of  Hum*  HUt^L  (Svdenliiim  ^' 
l»m\  IsaHCB,  Tfhjis.  N.  Y.  Acad,  of  Med.,  vol.  i,  1857;  Henlf.  ■ 
lUTH((*u,  I8G2;  Riid  Handbuch  der  Anatomlo,  Bd.  iij  18^6:  Hi 
Anmt  P.  Fhys.  d.  Harpeanftlchenp  Leipzig,  186<>;  Ludwig,  Art  1. 

Hum  And  C"iup  lli&lologv,  Syd.  Soc,  TransUt  vol.  ii,  1872,  pp.  t^&-i*rj,^  rmi»*" 
tology,  tr»u6ittt«d  by  I3ftrk*?r,  1874, 
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formed  by  the  tubuli  uriniferi  seems  to  come  hito  the  closest  relation 
mt  of  the  sanguiferous  capillaries,  so  that  it  is  probably  the  seat  of 
Ater  part  of  the  process  of  secretion ;  whilst  the  latter  is  principally 


Fio.  176. 


of  tlie  Corticml  Substance  of  the  Human  Kidnej:  ▲  a,  tubuli  uriniferi  divided  transTerselj, 
ibo spheroidal  epithelium  in  their  interior:  b,  Malplghian  Capsule;  a,  its  afferent  branch  of 
[  mrUTj ;  b,  its  glomerulus  of  capillaries ;  c  e,  secreting  plexus  formed  bj  its  efferent  vessels; 
Bt  stroma. 

ted  of  tubes,  passing  in  a  straight  line  from  the  former  towards  their 
)f  entrance  into  the  ureter.  The  tubuli  uriniferi,  in  passing  out- 
from  the  Calices,  frequently  divide  in  a  dichotomous  manner,  thus 
ng  greatly  increased  in  number,  whilst  their  diameter  diminishes 


Fig. 178. 


7.— Portion  of  the  Kidnej  of  a  new-born  infant :  a,  natural  size;  1, 1,  Corpora  Malpighiana, 
Kd  points  in  the  cortical  substance ;  2,  papilla.— d,  a  small  part  magnified ;  1, 1,  Corpora  Mal- 
;  2,  tubuU  uriniferi. 

L— Portion  of  one  of  the  Tubuli  Uriniferi,  from  the  medullary  substance  of  the  kidnej  of  an 
lowing  its  tessellated  epithelium. 

Jo  to  9 Jq  of  an  inch.  Each  branch,  as  it  is  given  off,  first  enlarges 
ioomes  tortuous,  forming  the  intermediary  portion  of  Ludwig,  then 
:^  and  (6,  Fig.  179)  runs  towards  the  apex  of  the  pyramid  in  the 
fa  very  narrow  tube,  and  after  a  course  of  variable  length,  loops  back 
awards  the  cortical  portion,  forming  the  loop  of  Henle,  where  it  be- 
wider  and  much  convoluted,  and  terminates  in  a  dilatation  which  has 
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received  the  naine  of  the  MalpighiaD  CapsuloJ  The  total  ttomber^ 
Lubes  b  estiinated  hy  Husehke  at  about  twu  miilious.  The  epitbetia 
sents  very  consideTable  changes  m  its  chameter  iu  tlie  dilfereot  pan^  of  tk 
tube.  In  the  tortuous  cortical  part  the  cells  are  cloudy,  aud  pot  verr  lia- 
tiiictly  differentiated  from  oue  another,  the  nuclei  lying  in  a  jMilpfiii^ 
stance,  which  i^  but  loosely  attached  to  the  basemen  t-menibraiie,  slij^t 
pressure  causing  it  to  exude  frtim  the  divided  tubules  under  the  rai#:rD*oHe 
These  cells  contaiu  fat-droiie  and  numerous  dark  granules  that  conoeall 


Flo.  17^. 


rjo^uo. 


^lyy" 


Fio.  17^.— ningTmiii  nf  the  courie  of  Ihe  Ltrtjiirt^rciiua  Tubtili^a;  n,  o^rftr*  <if  tubuU  ct  wpn  *^J^  j 
ptj^htan  pyramid;  ^p  in  termed  iafy  ponion,  eoalkaaoME  mhh  teeuTtejxl  bttb^h*im,  wUkti  fonD  NP^^  J 
In  ibo  meduU^TT  portfoD  af  Uic  kUlneyi  and  raucending,  t«niiliiit«  la  M^lpl^hUn  MfHtl^lii" 
corttettl  portlujK 

Fig.  180,— Urinlf^roy*  Tube,  Mulpighian  Tufl  lud  Capstile,  fpoBi  EidUMjr  of  Fra$i  c  rtHfj«'< 
tube;  b,  f^pitlidlum  of  Lhe  tube;  b\  ciliAtnl  epUbrltum  of  the  ncefc  of  tlie  c^tMulr;  V,  4wtt0ttHl 
th«llym  Bc^le;  t,  bjuemenUraembraELe  of  tube;  «r^«  bM^meot-uteiabmiie  of  cii|»uie;  «h,  OMf^ii* 
CA|rfllAr|e»  uf  lb  ft  Malpighian  tufl. 

nucleus,  but  clear  away  with  dilute  acids.    The  cajissuhir  limb  of  ih«  k 
Henle  k  lined  by  a  thin  and  clear  continuous  layer,  whirh  la  miaediti 
ular  intervals  by  nuclei.    In  the  wider  part  of  the  oppot^Ile  linih  of  ikf  l\ 
the  pulp  presents  a  fissure  midway  between  each  pair  of  adjoining  Dtt<d0;l 
to  ifiat  the  epithelium  appears  in  the  form  of  well-defioed  coluiiinir  «^ 


>  Ludwig  itaiea  thut  the  lubuli  unnifeH  chftn^^  their  diimetor  no  lee* 
timeSf  viz.:  1,  At  the  constriction  nl  the  nock  of  th©  captute ;  2.  At  lb. 
oxlendius^  froin  the  neck  of  the  cHp^ule  lhrc»ti|^h  tha   tortuous  portion  ; 
eonslrietion  throu^li  the  greater  p»rt  of  the  )ooi>  of  IlenJ^ ;  4.   At  tb**  ^ 
th(> Ascending  limb  of  the  loop;  6.  At  Ihe  eon«trtction  whern  3t 
with  the  windinf^  of  the  inlftrmediiiPj  portion  ;  6.  At  tb*j  d^U: 
RTid  7.  At  the  conslHclbn  in  the  portjun  llmt  extendd  froto  the  iniLTni'Xjirv 
to  the  excretory  ducta. 
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Flo.  111. 


arranged  in  an  imbricated  nmooer.  In  the  windings  of  the  in  termed  iaiy 
portion,  the  epiibelia)  lining  reassumes  the  pulpy  character  it  pre^^nted  m 
the  tortuaus  portion  of  the  tubule.  In  the  main  duets  the  celts  are  €olumDar 
and  well  defined,  and  are  attached  by  their  broad  bases.  In  the  papillae 
theinBeJvei^  the  duct*  lose  their  basament-menibrane,  and  are  composed  of 
the  cellB  aJooa*  On  examining  one  of  the  Corpora  Malpighiana  with  a  high 
imgnifyinK  pt^wer,  it  h  found  to  consist  of  a  convoluted  ma«ii  of  minute 
MdodveaseTs  ^Fig,  180,  m);  and  this  is  ioclnded  in  a  flask-like  dilatation  of 
out  of  the  tubuli  utiniferi  (Fig.  180,  c,  c').  According  to  Mr.  Bcmman, 
thiA  dilatation  proceeds  only  from  the  termination  of  the  tubulus;  and  this 
ieems  to  t>e  usually  the  ease^  although  it  appears  not  improbable  that  it  may 
iometinies  he  a  lateral  diverticulum,  as  described  by  Gerlach  (lou.  citj. 
The  epitbeliumf  which  eliwwhere  lines  the  tube,  i»  altered  in  appearance 
where  the  tube  is  coutitiuous  with  the  cai>:«ular  dilatation  (Fig.  180,  6'); 
being  there  more  transjiareut^and  furnishe<l  with  cilia  (as  i-hown  at  b"),  which, 
in  the  Frog  and  other  Reptiles,  may  be  seen  for  many  hours  after  dea-th,  in 
very  active  motion,  directing  a  current  down  the  tube  (Hiifuer  Mec/.nikow), 
Beyond  this  point  the  wall  of  the  capsule  ie  composed  of  a  mo&aic  of  cells 
like  those  forming  the  walls  of  the  blocMi-  and  lymph-capillariaj  strengthened 
on  the  outer  side  by  a  little  connective- tissue. 

403.  The  absolute  quantity  of  blood  traversing  the  kidneys  U  wonderfully 
great,  amounting,  according  to  the  calculations  of  M.  Brown-S^quard,'  to 
nearly  2000  lbs.  per  diem.  The  Circulation  of  Blood  through  the  kidney 
pr^euts  a  very  remarkable  peculiarity.  The  supply  is  derived  in  man  ias 
in  other  Mammalia)  direct  from  the  <ir/^^ria/ system ;  though  in  Fishes  and 
Reptiles  the  urinary  apparatus  is  conoccteil,  as  well  as  the  biliary,  with  tbe 
porifil  vt-nom  sy:*tem,  and  even  in  Birds  a  portion  of 
its  blood  ia  ilerived  from  the  latter.  But  altliough 
this  organ  h  supplied  from  the  Renal  Artery,  yet 
it  is  not  to  its  proper  secretory  apparatus  that  the 
blood  of  the  artery  is  distributed  iu  the  fi ri^t  in- 
stance; for,  on  emering  the  kidney,  this  va^sel 
speedily  and  entirely  divides  itself  into  minute 
twigs,  which  are  the  affh*ent  vessels  of  the  Malpig- 
hiau  toils  (Fig.  176,  a,  181,  a/).  After  it  has 
pierced  the  capnle,  each  twig  dilates;  and  suddenly 
divides  and  subdivides  into  several  minute  branches^, 
terminating  iu  convoluted  capillaries,  which  are  col- 
lected in  the  torm  of  a  ball  (Figs>  176,  6, 181,  mm) ; 
from  the  interior  of  the  ball,  the  solitary  efferent 
vesi^l,  f/,  arises,  which  pnsscji  out  of  the  capsule  l>y 
the  side  of  the  single  afferent  vessel.  The  examiua- 
tions  of  Kfilliker/"^  and  of  Dn  Isaacs,*  show  that  the 
glomerulus  is  covertMJ  with  oval  nucleated  cells. 
The  efferent  ve^els  on  leaving  the  Malpighiau  bodies, 
separately  enter  the  plexus  of  capillaries  (Figs.  176, 
c,  181, />)  surrounding  the  tubuli  urioiferi  {^ij,  and 
auppiy  that  plexus  with  blood;  from  this  plexus  the 
renal  vein  arises.^    Thus  there  is  a  striking  analogy 

t  Bat!  UeidtinbniTi,  Areblv  f.  Micru^cop.  Anftt.,  Bd.  x^  nlio  v.  Seng,  Sit^t.  d.  k. 
Akttd   zti  Wien,  1S71,  jx  ^o4. 

*  Journ  dc  k  Physiol.,  1S58,  t  i,  p.  S05.  «  Man.  Mic.  Anmt.,  1860,  p.  408. 

*  Tfftnn  vf  N.  y.  Acad.  Med-,  vJ.  i,  ]S57. 

'  *  The  render  wiH  And  u  gtJod  Buinumry  of  the  opiniona  held  by  Vfrcbow,  Ludwig, 
and  others  on  the  t-our&u  or  the  v^fteU,  by  Dr.  Iteg.  Southoy,  in  the  ftrst  volume  of 
ttl«3t.  Burtholomcw  Uoap.  Eeport^,  p.  177. 


IHaifibtiUnii  «r  thfi  BtfiiAl 
T4*aael9;  froin  Kidiiefs  of 
H$rM;-^q^  lir&uch  of  R«ii»l 

|il«!Xii?  surriiuiJtUng  ihi.'  IuIhis; 
Mi,  ttralKbl  titlw;  ti^  ooiito- 
luted  tuiae. 
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between  the  mode  in  which  the  tubnli  uriniferi  are  supplied  nitb  hhjcd^liirlk 
mir|>uiie  of  elahomliug  their  secret  inn,  and  tht»  plan  on  which  the  bepatkc ' 
laliou  is  earried  on.     For  as  the  setTetiou  of  the  Liver  is  formetl  from  Um 
conveyed  to  it  by  one  large  vessel,  the  portal  vein,  which  has  cf.n-"*-*  **  fi\ 
the  venous  capillaries  of  the  chylopoietic  viscera^  and  which  m  1 
to  tli^tribnte  it  through  the  liver,  so  the  j^ecretion  of  the  Kidnev  *>  ^Mi.-Ji 
from  blood  which  has  already  pas;?ed  thnmgb  one  set  of  capillafy  viss>elsl 
of  the  Malpighian  tufls^  this  blood  h  collected  and  conveyed  to  the  pnciprr 
verretin^  surfaces  however,  not  by  one  large  truok  (which  would  have  bcima 
very  inconvenient  arrangement),  hut  by  a  multitude  of  small  ones,  tlii 
€nt  vessels  of  the  Malpighian  bodies*  which  may  be  regarded  as  colk 
representing  the  portal  vein,  ^ince  they  convey  the  blood  from  the  fv* 
to  the  secreting  capillaries.     Hence  the  Kidney  may  be  said  to  Juivr  «  j 
system  within  itself. — This  ingenious  view  of  Mr.  Bowman  finds  i^uppnr 
the  fact^  that  in  Reptilei  the  fjf*^rej>f  vessels  of  the  Malpighian  bmiit^ 
receive  their  blood,  as  elsewhere,  from  the  renal  artery)  unite  with  thi»  i 
branches  of  the  Vena  Portie,  to  form  the  secreting  plexus  aroirnd  the  tul 
nriniferi.     Here,  therefore,  tlie  blood  of  the  secreting  plexus  hm  n  dtmUi 
source,  the  ve^els  which  supply  it  receiving  their  blood  in  part  from  tlifti 
capillaries  of  the  organ  itself^  and  in  part  from  those  of  viscera  !*xtf mal  tii| 
it;  just  as,  in  the  Liver,  the  secreting  plexus  is  supplied  in  part  by  ibr  nu' 
tritive  capillaries  of  the  organ  itself,  which  receive  their  blornl  irora  tb 
hepatic  artery,  and  in   part  by  the  blood  conveyed  from   the  chylopMetic  i 
viscera  through  the  Vena  Portse.  I 

404.  These  admirable  researches  of  Mr.  Bowman  on  the  ^!r  '  [W 

Malpighian  bodies,  aud  on  the  vascular  apparatus  of  the    I  i*f 

thrown  great  light  upon  the  mode  in  which  the  Urinary  seer 
rated*  One  of  the  most  remarkable  circumstiiuces  attending  ; 
iu  the  Mammalia  particularly,  in  the  large  but  variable  qujitiinv  I'l  ^^/f. 
which  is  thus  eliminated, — the  amount  of  which  bears  no  con«tJtr»t  proper- 
lioQ  to  that  of  the  ?olid  matter  dii^solvcd  iu  it.  The  quantity  of  wairr  wliitli 
is  passed  off  by  the  Kidneys  depends  iu  part  upon  that  exbaieil  bv  tin*  ^iioy 
being  greatest  when  this  is  least,  and  rice  rerM  ;  but  the  quantitv  oi"  toM 
matter  to  be  conveyed  away  iu  the  secretion  has  little  to  do  with  tlii«,  beiflf 
dependent  upon  the  amount  of  u^e  in  the  system,  and  upon  the  ^jimiiuty 
of  surplus  azotized  aliment  which  has  to  be  discharged  through  tin*  cbfl- 
neh^fhe  Kidney  contains  two  very  distinct  pro  visions  for  thf>ic  puqweci 
The  eelh  lining  the  tubuli  nriniferi  are  probahly  here^  as  eL*t  v  '  ^  i: 

strumeuts  by  which  the  mlid  matter  of  the  secretion  is  elimin^r 
can  scarcely  be  doubted,  that  the  chief  ofBce  of  the  CorjxjraM 
to  allow  the  transudation  of  the  superfluous  fluid  through  th  ' 

capillaries  of  which  they  are  compn.^d»  *'lt  would  indeed/'  Mr.  iij^mio 
remark!*/  "be  difficult  to  conceive  a  disposithm  of  pans  more  cnlTMilatHjiB 
favor  the  escape  of  water  from  the  blood,  than  that  of  the  Mu';  " 

A  large  artery  breaks  up  in  a  very  direct  manuer  into  a  numi  '^ 

hranehe«;  each  of  which  suddenly  opens  into  an  assemblagie  of  vc^wis^ji'^r 
greater  aggregate  capacity  than  itself^  and  from  wbicb  thei^  i;s  hut  tme  Dft^ 
row  exit  Hence  must  arise  a  very  abrupt  retartiation  in  the  velwityijfi* 
current  of  bhuxl/*  The  vessels  in  which  this  delav  occurs,  lif  "»  ^  --,f,.tik 
from  which  there  is  but  one  outlet,  the  oritice  of  tiie  tube.  *' 
encircled  by  cilia,  in  active  motion,  directing  a  curreat  towajM^  w^--  1,.;^^ 
These  exquisite  orgnus  must  not  only  serve  to  carry  forward  the  flnifl  Mf^ 
IS  already  in  the  c^ll,  and  in  wbicb  the  vasculftr  tul^  is  bathed;  bal  m^^ 

1  LcM3»  oit.^  p,  76* 
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tend  to  remove  pressure  from  the  tree  surface  of  the  vessels,  and  go  to  ea- 
couritge  the  escape  of  their  more  fly  id  coDleQls/'- — Here  we  see  the  essential 
difference  which  exists  between  the  vital  agency  concerned  iu  the  true  Becret- 
iog  proc€a*&t  and  th^  pfty^cal  power  which  occasions  fluid  exhalation  or  transu- 
dation. This  diflerence  is  precisely  the  same  as  that  which  exi^sts  between 
the  tntai  act  of  selective  absorption,  and  the  phtfmcal  operation  of  endosmoige 
or  iiobibiiion.  By  Imbibition  and  TransiidHtion,  certain  fluids  may  pa^s 
through  orgnnic  membranes,  in  the  dead  as  well  as  in  the  living  body :  and 
M&  paeeage  depends  mei-ety  upon  the  physical  condition  of  the  part,  in  re- 
gard ta  the  amount  and  the  nature  of  the  fluid  it  contains,  and  the  |>eTmea* 
bility  of  its  tissues*  Tliere  are  two  sets  oi'  hpnphaiic4  iu  the  Kidneyft,  due  of 
which  emerges  with  tlie  bloodvessels  at  the  hilus^  whilst  the  other  arises 
among&l  the  fasciculi  of  the  ea}>sule«  Little  is  known  in  regard  to  the  nerves 
except  that  they  belong  to  the  sympathetic  system,  are  connected  with  gan* 
glioii-cttlk,  and  contain  both  sensory  and  vaso- motor  fib  res  J  To  clienucal 
iavci^tigation  the  tii^ue  of  the  kidney  yields  limsite,  Tanrin,  Leuciu,  Tyro- 
siiij  Kreatiu,  Xanlhin,  Hypoxanthin.Cystin,  and  sometimes  Urea  and  Uric 
Acid. 

4iJ5,  The  Kidney  18  liable  to  undergo  alterationi  of  Its  Dormal  stmcture, 
from  a  perversion  of  its  ordinary  formative  proeenseSr  which  are  of  a  nature 
very  analogous  to  thos^  iiecurring  in  the  Liver,  though  with  diflerf^nces 
arising  out  of  the  special  ties  of  its  contbrmatjon,'  Several  diiferent  kinds,  as 
well  as  degrees,  of  such  alteration,  have  been  described  {as  it  now  appears) 
under  the  general  term  **  B right's  disease,"  which  has  been  applied  a  1  mast 
indiscriminately  to  almost  every  kind  of  chronic  disease  of  the  stnicture  of 
the  Kidney,  whether  prodticetl  by  congestion,  inflammation,  or  fatty  degen- 
eration, that  is  attended  with  the  prepuce  of  Albumen  iu  the  Urine.     It 

'must  not  be  supposed,  however,  that  any  of  these  lesions  are  invariably  coin* 
ctdent  with  the  presence  of  Albumen  iu  the  Urine:  for  it  has  been  fully 
proved,  on  the  one  hand,  that  albumen  may  present  itself  in  this  excretion, 
without  any  altenition  in  the  structure  of  the  kidney ;  whilst  it  has  also  been 
shown,  that  various  forms  of  Bright's  disease  may  exist,  even  in  an  advanced 
stage,  without  any  albumen  being  detectable  in  the  urine.'^  These  variations 
may  probaldy  be  attributed  to  two  classes  of  conditions,  viz.,  the  state  of 
the  aibumen  in  the  blood  itself,  and  the  state  of  the  capillary  circulation  in 
the  kidney.  We  have  seen  the  weak  form  of  albumen  which  is  first  taken 
up  by  absorption  frotn  the  alimentary  canal,  is  distinguished  by  its  prone* 
jiess  to  transudation  (§  140)  j  whilst,  on  the  other  hand,  the  strong  albumen 
of  the  egg,  if  injected  into  the  systemic  blood -current,  or  even  if  introduced 
large  quantities  into  the  stomach,*  finds  its  way  out  again  by  the  urine,  ivs 
foreign  substance;  an  assimilating  action  being  required,  in  the  case  of 

^ch,  ti)  give  it  the  normal  character  of  blood-albumen.  It  is  probably,  in 
part  at  lenst,  to  the  want  of  such  perfect  assimilation  of  the  newly  absorbed 
albumen,  that  we  are  to  attribute  the  increase  of  albumen  in  the  urine  passed 
soon  after  meals*  by  patients  suffering  under  Bright's  disease  j  something. 


>  See  Lionel  Bo^lc^  Kidney  DiseaBes,  ttc.,  1869,  p.  17;  Tye4>n,  Amerrcnn  Journ&l 

ofMedicHi  Sciences,  1869,  p.  396;  Lftfjcpt,  vol   i,  1^70,  p.  67 

>  For  full  accpunu  of  th«  patbologicHl  conditions  of  the  Kidneys  And  of  tbe  Urine 
in  ^*  Bric^tit's  dtt(^s<*,''  the  rejider  la  referred  to  the  recent  worke  of  Drs.  BashiiRij 
Jcvtxnfon,  Dickinson,  and  Bf?iile. 

«  Sf't*  Dr  Begbie  in  the  Brit,  and  For.  Med.-Chir.  Rev.,  vol,  iii,  p.  46. 

*  See  Hammond  ^Expoi-imentiil  Rt-f^Hrches^  Pbilndclphift,  1857,  p.  31),  who  found 
on  fettrlcting  himself  lo  n  purely  nlbumimJU'^  diet*  thnt  hi«  urine  first  <*ontftined  a 
gr&nt  excel*  of  ur«&,  and  on  the  eighth  duj  albumen  mudfe  iL^  app«iironc<3,  Berntifd 
m\in  obecrved  its  presence  in  his  urine  aft^r  eating  iix  pggs  fasting  (Lemons,  1859,  voL 
ii,  p.  UB). 
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however,  may  be  due  to  the  simple  aup^meDtatioD  of  the  bulk  of  1I10 
and  especially  of  its  ^olid^.     But,  again,  any  eau^e  wtiieb  pmdaeee 
tioti  of  (be  ve^eels  of  the  kidney,  favors  the  passage  of  ihe  nortMd  1 
of  the  blood  into  the  urine  ;'  and  thu^  we  see  how  albuaiin-'^^  ""•*»©  j 
prtxfuced  by  the  repulsion  of  blood  from  the  cntaneoui*  ^urf  ^  ] 

or  by  the  determining  influence  of  cantharides  or  other  iirniiui  muf 
by  any  obi?truction  10  the  return  of  blood  from  tbe  capillary  plexw  liy  1 
renal  veins/ 

406.  Tbe  nature  and  purposes  of  tbe  Urinary  gecpetioo,  and  tlie  i 
which  it  is  liable  to  undergo  in  varions  couditions  af  the  ayetem,  are  no 
better  understood  than  are  tbose  of  the  Bile:  tbis  b  owing,  lu  grijat  fmitl 
tbe  two  circuaiiitance?,  tbat  it  m;iy  be  readily  eollected  m  a  §late  of  MfilT. 
and  that  its  ingredients  are  of  such  a  nature  as  to  be  easily  ami  dettiiiliir 
separated  from  each  other  by  simple  cbemieal  means.  There  mn  1j«  t>o  doiilil 
tbat  the  chief  purpose  of  this  exeredon,  k  to  remove  from  thr  ^v^iem  tlit 
effete  moihed  matters,  which  the  blood  takes  up  in  tlie  cour^  :li' 

tion,  or  which  may  have  been  produced  by  changes  *ieeur ring  a.  _. ...  Hi* 
is  evident  from  the  large  proportion  of  Nitrogen  in  the  solid  matter  dis^difcl 
in  tbe  urine;  and  from  the  crystalline  form  presented  by  mncb  of  UiiimM 
matter  when  separated,— *a  form  wbich  Indicates  tbat  iU  stai*  of  laiioiiiiA* 
tion  is  such  as  to  prevent  it  from  conducing  to  the  nutrltiou  fjf  the  frutii. 
Tbe  injurious  effects  of  tbe  retention  of  the  components  of  iJie  Uniuiry  lecw- 
tion  in  tbe  Blood,  are  fully  demonstrated  by  tbe  re-^uits  of  its  eumatwar 
whether  this  be  made  to  tate  place  experimentally  (us  by  tyio^  the  ttati 
artery;,  or  be  tbe  consecjuenee  of  a  disordered  eoudttioii  of  rtcy.  TW 

symptoms  of  CWwm  (as  tbia  condition  has  b^n  appropsi  -*iJ**f)af» 

altogether  gucb  as  indicate  the  action  of  a  specific  poi&on  up*^i  'i\ 

system;  affecting  either  the  Brain  or  the  iSpinal  Cord,  ^[lara 
together.  In  the  first  form,  a  state  of  stupor  comes  on  rather  sEtHlileBty,  «at 
of  which  the  patient  is  with  difficulty  aroused  ;  and  this  gradumlly  dMpm 
into  complete  coma,  with  fixed  pupils  and  stertorous  breathing,  ju«t  it  tt 
ordinary  kinds  of  narcotic  poisoning.  In  tbe  second  form,  conviil»^(ici»  t»f «« 
epileptic  character,  frequently  affecting  the  whole  muscular  system,  ind^iri  : 
occur;  but  there  is  no  loss  of  conseiousDess.  In  tlie  tbinJ  form,  ciJ«ia  w*i 
convulsions  are  combined.     Tbesic  effects  have  been  at Lrlbuli^  bv  FrffW*! 


'  See  KohhisoD  in  Med  -Ch!r,  Transact,!  ^*^^*  xivi,  p.  St. 

■  Magendlct  indeed,  found  tbat  tbe  mere  iiiJ<?cUon  of  wlw"^!  iv  r*if, 
veins  of  a  Urge  dog  wa&  sufficient  to  e»ui©  the  iirin©  >. 
the  effvct  remaining  for  10  or  12  bours  (  Bflrriftrd*  Le9ur, 
beck  (Sltxiingsbericbt  d.  k.  Akad,  d.  Wi«s,  an  Wit^n,  Ihi*-!,  i».  If 
curious  obfiorvfllioBj  Ulat  cotepresaioti  of  the  renal  artrnrs,  wh 
bhea  the  qunnlity  of  uriii©  and  of  nven  secreted,  nlso  ot'cnsionf  ti 
men  in  Ibe  urine;  though  if  at  the  ^nmi?  lUm*  *  ligntitri^  in*  hi  , 
the  HpppBi-Hnce  of  albumen  ii  completely  provrpt^Sl      Al- 
obi*erved  in  etrlftin  forms  of  heart  aiaease  (Ri*Tt.*r),  und  tf. 
nervous  syslom,  a»  intmertinial  feclioii  of  tlie  11  lib  ftwir  <^f  tut  u 
p*  962)^  a»i^  scjctjon  of  the  cefebrttl  jieduneies  i^chilTi ;  «1^  in  ^. 
fmsH-pox,   f^ryeijmias,  pyjemta^   typhus,   lypbuid,    rhi^itmiilir    :. 
abolern,  purpura,  scurvy,  diabeie*,  syphilis,  certain  fornx*    ' 
poit-parturient  conditions^  g^'it*  chronic  alcoholism,  and   ■ 
e&ling,     3eu  O,  Johnson,  British  Med.  Journal^  Jnnuarj  HU. 
abown  bj  Brown-Sequard,  8cbiff,  nnd  t»tber  e3t)M?riment*'n<T  »nij  < 
(Arcbivei  G^nerales  de  Med.,  18Ti»  Februarvj  thut  boib  pr.     * 
fourtb  ventricle,  and  bafmorrhtige  init*  th«"  substance  of  thr 
with  great  cong^estion  of  tbe  kidney «,  iind  albtiminuriw*  btit 
tbl»  h  due  to  paralyfia  of  Ibe  ¥nso*Tnotor  norvra^  or,  a^  Utk 
ipasm  of  the  veinfi|  or  of  ibe  veim  and  aneriea,  leading  t' 
lure  af  the  c«pill«rie«|  cannot  at  present  be  suited  with  c«rtniniy. 
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lere^  to  the  conversioD  of  urea  in  the  blood  into  carboDate  of  ammoDia, 
a  case  recorded  by  Spiegelberg  not  only  was  the  quantity  of  urea  in 
oe  greatly  diminished,  out  the  proportion  of  this  subsUnce  in  the 
fas  augmented  to  three  times  its  normal  amount,  whilst  clear  evidence 
•tained  by  Dr.  Gscheidlen  that  the  blood  contained  a  considerable 
3f  ammonia.  Experiments  on  animals  in  which  carbonate  of  ammooia 
tn  injected  into  their  veins,  show  that  conditions  precisely  analogous 
irtemic  state  can  be  established,  the  animals  first  becoming  restless, 
m  exhibiting  both  tonic  and  clonic  spasms,  and  finally  passing  into  a 
r  deep  coma.' 

In  order  to  form  a  correct  opinion  of  the  state  of  the  Urinary  secre- 
morbid  conditions  of  the  system,  it  is  desirable  to  be  acquainted  with 
leading  particular  regarding  its  normal  character. — Fresh  healthy 
is  a  perfectly  transparent,  amber-yellow-colored  liquid,  exhaling  a 
r  but  not  disagreeable  odor,  and  having  a  bitterish  saline  taste.  The 
orphological  elements  which  it  normally  contains,  are  pavement  epi- 
i-cells  and  mucous  corpuscles  from  the  lining  of  the  urinary  passages ; 
however,  are  present  in  healthy  urine  to  only  a  verv  small  amount. 
certain  morbid  states  of  the  urine,  minute  cylindrical  bodies  are  seen 
ter  or  less  abundance,  which  are  obviously  derived  from  the  tubuli 
ri ;  these  are  sometimes  composed  almost  exclusively  of  the  epithelial 
yf  the  tubes,  of  which  the  cells  remain  adherent  to  each  other,  notwith- 
g  their  detachment  from  the  basement-membrane  beneath ;  whilst 
nee  they  are  fibrinous  moulds  of  the  interior  of  the  tubes,  formed  by 
loo  of  granular  plastic  material,  and  containing  blood-  or  pus-corpus- 
rhilst  in  other  instances,  again,  they  are  perfectly  transparent,  or 
>,  and  are  then  believed  by  Dr.  Basham  to  correspond  to  the  viscid 
)  exudations  poured  out  from  all  iufiamed  mucous  surfaces.  The  first 
e  forms  occurs  chiefiy  in  desquamative  irritation  of  the  kidneys,  the 
88  a  consequence  of  acute  inflammation,  and  the  last  in  the  advanced 
}f  "Bright's  disease,"  as  well  as  in  the  gouty  and  atrophic  kidney.' — 
natural  conditions  of  the  Human  system  (even  when  a  vegetable  diet 
)  the  urine  possesses  a  well-marked  acid  reaction.  When  it  is  lef^  to 
3r  some  time,  slight  nebuhe,  consisting  of  mucus,  are  formed  in  it ; 
ise  gradually  fall  to  the  bottom.    Soon  afterwards  an  unpleasant  odor 

Spiogelberg,  Archives  of  Gyiuecology,  1870,  and  Hiimpeln,  Dorput  Med.  Zeits., 
1873,  and  Lond.  Med.  Record,  vol.  i,  1873,  p.  611. 

t  (Henle  and  Meissner's  Bericht,  18G7,  p.  358)  is  inclined  from  his  ex|M?ri- 
>  hold  that  the  effects  observed  in  unornic  poisoning  are  due  to  the  action  of 
ous  secondary  compounds  and  alkaline  traits  proceeding  from  the  di^intogra- 
tbe  albuminous  constituents  of  the  body  which  are  retained  in  the  blood  in 
«se  upon  the  central  parts  of  the  nervous  system,  no  ammonia  being  generated 
jn  Iho  intcMinal  mucous  membrane  (see  also  G.  Johnson,  Brit.  Med.  Jour- 
.  i,  1878,  p.  191) ;  Mantegazza  (Centralblatt,  1870,  p.  570),  on  the  other  hand, 
that  intravenous  injection  of  urea  or  of  urine  produces  convulsions  both  in 
•d  frogs  and  even  in  muscles  excised  from  the  body,  regards  the  action  as 
ric,  and  not  centric.  Traube  attributes  the  symptoms  of  uru.'mic  poisoning  to 
It  fluidity  of  the  blood  and  over-tension  of  the  systemic  vessels,  leading  to 
ind  ansmia  of  the  brain  ;  but  Picol's  experiments  (Comptes  Rendus,  July  6th, 
1  which  water  was  injected  at  considerable  pressure,  are  opposed  to  this  view. 
ein  (Virchow's  Archiv,  Bd.  Ivi,  1872,  p.  383),  Oppler,  and  others  contend 
symptoms  caused  by  the  injection  of  ammonia  differ  essentially  from  those 
lie  poisoning.  Urea  ingested  by  the  stomach  is  eliminated  unchanged.  See 
la  in  L'Union  Medicale,  1872,  No.  142.  For  an  account  of  the  effects  of  the 
D  of  ammonia  into  the  circulation,  see  Tibbits,  Med.  Times  and  Gazette,  1872, 
6. 

,  for  admirable  drawings  and  descriptions  of  these,  the  work  on  Renal  Dropsy, 
EL  Basham,  M.D.,  1866. 
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however,  may  be  due  to  the  simple  aeigmeolatiou  of  Uie  bulk  of  the 
and  especial fy  of  its  solids.  But,  again,  any  caiL^  which  produix^  vmjgth 
tion  of  the  ve^eU  of  the  kidciey,  favors  the  passage  of  the  norma!  ftlbttmfi 
of  the  blood  into  the  uriue  ;^  aud  thu?  we  see  how  albumitiotia  urioe  nmj  be 
produceH  by  the  repuUion  of  blood  from  the  cutaneous  gurimoe  to  the  kiiwj, 
or  by  the  determiumg  iuflueace  of  cantharideii  or  other  IrritaDt  dianptk»|tfr 
by  auy  obstruction  to  the  return  of  blood  from  the  capUlarj*  |»)exi28  bytb 
renal  veios,* 

4Q6.  The  nature  and  purposes  of  the  Urinary  secretion^  and  the  ftltentwai 
which  it  is  liable  to  unaergo  in  various  coaditious  of  the  syst*  n*»4t 

better  understood  than  are  those  of  the  Bile  :  this  is  owing,  lu  _  .:,  u 

the  two  circumstances,  that  it  may  be  readily  collected  in  a  stai-  mt  ^«i 
and  that  lU  ingredients  are  of  such  a  nature  as  to  be  ^sily  and  iictin 
separated  from  each  other  by  gimple  chetnieal  nieau.^.  There  c^n  he  nn  i 
that  the  chief  purpose  of  this  excretion,  ii  to  remove  from  th 9  system 
eftete  a^othcd  matters^  which  the  blood  takes  up  in  the  course  of  it^  irirpob' 
tion,  or  which  may  have  been  produced  by  changes  occurring  in  ii^f. 
ia  evident  from  the  large  proportion  of  Nitrogeu  in  the  solid  matter  di?€  ^ 
in  the  urine;  and  from  the  crystalline  form  presented  by  iDiich  of  thtfi 
matter  when  sepa rated ,^a  forni  which  Indicates  that  its  stJite  of  c«onii>i(i^l 
tioo  is  3uch  as  to  prevent  it  from  conducing  to  the  DUtritic»ii  of  the  mixm.  ^ 
The  injurious  eflcets  of  the  retention  of  the  compcments  of  the  Uniiary  weetp- 
tion  in  the  Blood,  are  fully  demonstrated  by  the  results  of  its  ccBHUmi; 
whether  this  be  made  to  take  place  experimentally  (as  by  tyicitr  tliff  rani 
artery},  or  be  the  consequence  of  a  disordered  coodition  of  '-  '  ^  .  Tl»> 
symptoms  of  Vrwmin  (as  this  condition  has  been  appropi  1  *r» 

altogether  such  as  indicate  the  action  of  a  8|>ecific  poison  Ntfrvi*t», 

system;  affecting  either  the  Brain  or  the  Spinal  Cord,  ^'  .or  Iwtfc 

together.     In  the  first  form,  a  state  of  stupor  comes  on  riu  U*iily,  not 

of  which  the  patieut  is  with  difficulty  aroused  ;  aud  this  -^  dttmm 

iuto  complete  coma,  with  fixed  pupils  aud  siertorouft  breath r  -  m 

or d i n a F}^  k i nd s  of  n a rcoti c  pi lis^ou i n g.  I n  t he  se can d  form ,  voii \ ..,:.  .,.■■  J  u 
epileptic  character,  tVeuuently  aflfectiug  the  whole  muscular  N^y^tem,  sud^mty 
occur:  but  there  is  no  loss  of  eonstiousness,  lu  the  third  form,  coma  mad 
eonvulsions  are  combined*     These  effects  have  been  attributed  b3'  Fren*^ 

1  Bev  Et>hinfion  in  Mc^  -Cbir  Tritnstietf  vnK  xsivlf  p.  61.  ■ 

*  Magcmlio,  indecdf  found  that  the  mere  injection  cif  nhom  a  pif^t  -j^  way^r  fn^i  ilt  ■ 
TelR*  **f  H  Inrije  dog  w»i*  suffli'ienl  to  Cnus«*  lii*i  iirTn«  quickly  li-  > 
the  clfoct  rcmiviiiitiEC  for  10  or  12  hours  f  Borhnni,  L^t;on*>,  1859,  \  ■■'■-'• 

l^ecb  (SitEung-^bericht  d.  k.  Akud.  d.  Wiss,  zu  Wim,  ISCrt,  p.  Ih  J 

curious  objjervftiion J  that  coin prrs^ion  of  Iho  rc*ttal  ttrifrir^^  wK. 
ishe*  the  quiinttty  of  urine  und  of  ureu  secret<?d,  nko  octillion*  t^ 
men  in  iho  unne^  though  if  at  the  stimo  time  n  lignture  bo  ii| - 
Iht'  Hppt'Hritnce  of  albtimen  is.  completely  prevented.  A1bumi» 
obiicrvt>d  in  ct^rtnin  form*  of  heiiri  diiea***  (Rn^er),  fttjd  nftiT  *■■ 
iiervoti*  t(3>ii'iii^  m  mtnitTtiiiiiil  fetition  of  the  tifih  piiir  of  ncrwa  1 1 
p*  952),  and  sifction  of  the  cep«*brul  pi^duncips  (Schiff) ;  wl»t>  m>' 
§njiiU-poXj  erysipelas,  pyjemift,  typhus,  lyplimd,  rbpiimiilit  m 
cholera,  purpura,  scurv/»  diah«i*5#VHyphyif,  ot^riain  f«rm*  of  pnour*iutii»,  pfc^fr*^* 
poflt-purturienl  conditions*  gi*Mt,  chronic  mlcohnlr&m,  and  dy»p*^p-iFi  ffm  *M^f» 
eating*     3^  Q,  Johnson,  BHtish  Med.  Journtd^  Junuary   llth,       '         '  '-^ 

tbown  by  Browri-B4quard^  Srhiff,  nnd  other  exjH'rinienlPrs  wnd  '■■■  '^ 

(Archives  G^n^rale*  d**  Mfed,,  1874»  Febnniry ^  ihal  hAh  pn:    '  ><  '■  ^ 

to  u  rtb  V  e  n  I  r J  c  le ,  and  h  lemorr  h  age  1  n  to  t  h  e  *-  u  bs  tan  co  o  f  ih  •  *^^^ 

with  great  congestion  of  the  kidntty*,  wnd  albutninuriat  but  rfiUrittt 

thia  it  duo  to  paratyi^iB  of  Ih©  vasti-ttiutur  nerve*»  or,  m  Bro  '* 

ipftsin  of  the  vein^r  «»r  of  the  veins  and  nrieriu*,  leading  t-  ^  r'' 

tare  of  th«  capUlfttiefl,  cannot  At  present  he  a  la  ted  with  certainty. 
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and  others^  to  the  conversion  of  irrea  in  the  blood  into  carbonate  of  ammonia, 
and  in  a  case  recorded  by  Spicgelberg  not  only  was  the  quantity  of  urea  in 
the  urine  greatly  diminished,  but  the  proportion  of  this  substance  in  the 
blood  was  augmented  to  three  times  its  normal  amount,  whilst  clear  evidence 
was  obtained  by  Dr.  Gscheidleu  that  the  blood  contained  a  considerable 
excess  of  ammonia.  Experiments  on  animals  in  which  carbonate  of  ammonia 
has  been  injected  into  their  veins,  show  that  conditions  precisely  analogous 
to  the  unemic  state  can  be  established,  the  animals  iirst  becoming  restless, 
and  then  exhibiting  both  tonic  and  clonic  spasms,  and  finally  passing  into  a 
state  of  deep  coma.' 

407.  In  order  to  form  a  correct  opinion  of  the  state  of  the  Urinary  secre- 
tion in  morbid  conditions  of  the  system,  it  is  desirable  to  be  acquainted  with 
every  leading  particular  regarding  its  normal  character. — Fresh  healthy 
Urine  is  a  perfectly  transparent,  amber-yellow-coloi-ed  liquid,  exhaling  a 
peculiar  but  not  disagreeable  odor,  and  having  a  bitterish  saline  taste.  The 
only  morphological  elements  which  it  normally  contains,  are  pavement  epi- 
thelium-cells and  mucous  corpuscles  from  the  lining  of  the  urinary  passages ; 
which,  however,  are  present  in  healthy  urine  to  only  a  very  small  amount. 
But  in  certain  morbid  states  of  the  urine,  minute  cylindrical  bodies  are  seen 
in  greater  or  less  abundance,  which  are  obviously  derived  from  the  tubuli 
nriniteri ;  these  are  sometimes  composed  almost  exclusively  of  the  epithelial 
lining  of  the  tubes,  of  which  the  cells  remain  adherent  to  each  other,  notwith- 
standing their  detachment  from  the  basement-membrane  beneath;  whilst 
sometimes  they  are  fibrinous  moulds  of  the  interior  of  the  tubes,  formed  by 
exudation  of  granular  plastic  material,  and  containing  blood-  or  pus-corpus- 
cles; whilst  in  other  instances,  again,  they  are  i)erfectly  transparent,  or 
hyaline,  and  are  then  believed  by  Dr.  Bnsham  to  corres|K)nd  to  the  viscid 
mucous  exudations  poured  out  from  all  inflamed  mucous  surfaces.  The  first 
of  these  forms  occurs  chiefly  in  desquamative  irritation  of  the  kidneys,  the 
second  as  a  consequence  of  acute  inflammation,  and  the  last  in  the  advanced 
stages  of  "Bright  s  disease,'*  as  well  as  in  the  gouty  and  atrophic  kidney.' — 
In  all  natural  conditions  of  the  Human  system  (oven  when  a  vegetable  diet 
13  used )  the  urine  possesses  a  well-marked  acid  reaction.  When  it  is  \ei\  to 
itself  for  some  time,  slight  nebuhe,  consisting  of  mucu:?,  are  formed  in  it ; 
and  these  gradually  fall  to  the  bottom.    Soon  afterwards  an  unpleasant  odor 

^  See  Spiogol berg,  Archives  of  GynaH^ology,  1870,  und  Hiimpeln,  Dorpjit  Med.  Zcits., 
Bd.  iv,  1873,  and  L«)nd.  Med.  Record,  v<il.  i,  187:J,  p.  611. 

'  Voit  jilenie  and  Meissner's  Bericht,  18G7,  p.  3o8j  is  inclined  from  his  experi- 
ments to  hold  thut  the  effects  observed  in  uni-mic  poisoning  are  due  to  the  action  <if 
the  various  secondary  com}>ounds  and  alkaline  t^iv.U  procet'diFicf  from  the  disintepra- 
tion  of  the  albuminous  constituents  of  the  b<Kly  which  are  retninrd  in  the  blood  in 
this  disease  upon  the  central  parts  of  the  nervous  system,  no  ammonia  being  generated 
Wv*|it  on  the  intestinal  mucous  membrane  (see  also  G.  JohFi.son,  JJrit.  M«*d.  Jour- 
»«1,  vol.  i,  1878,  p.  19-') ;  Mantegazza  (Centralblatt,  1870,  p.  o7f;),  on  the  other  hand, 
finding;  that  intravenous  injection  of  urea  or  of  urine  produces  convulsions  both  in 
turiirizcd  frogi*  and  even  in  muscles  excised  from  the  body,  regards  the  action  as 
r*riphi?ric,  and  not  centric.  Traube  attributes  the  symptoms  of  unvmic  poisoning  to 
^  great  fluidity  of  the  blood  and  over-tension  of  the  systemic  ves^'is,  leading  to 
*<lttna  and  aniemia  of  the  brain  ;  but  Picot's  experimentv^  (Coniples  Kendus,  July  6th, 
J^^"*),  in  which  water  was  injected  at  considerable  pressure,  are  oppo-cd  to  this  view. 
^**«n«tein  (Virchow's  Archiv,  Bd.  Ivi,  1872,  p.  383),  Oppler,  and  others  conti-nd 
*°*t  the  symptom.?  caused  by  the  ifijection  of  ammonia  differ  ess<*ntially  from  those 
?J^ursemic  poisoning.  Urea  ingested  by  the  stomach  is  eliminated  unchanged.  See 
?*;l>uteau  in  L'Union  Medicale,  1872,  JJo.  142.  F()r  an  account  of  the  etfrcts  of  the 
JJUJ^tion  of  ammonia  into  the  circulation,  see  Tibbits,  Med.  Times  and  Gazette,  1872, 
*o.  1166. 

.  '  Sec,  for  admirable  drawings  and  descriptions  of  these,  the  work  on  Renal  Dropsy, 
^  W.  R.  Basbam,  M.D.,  18G6. 
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is  dev^eloml ;  iii&tcad  of  an  acid,  aD  alkaline  rt*actioti  h  preseiji  -1, 
quence  of  the  decomposition  of  the  urea  into  carbonate  of  aiiuT; 
precipitation  of  earthy  phosphateji  then  lakes  place.     A  tur^ 
prmJuce^l.  however,  by  the  precipitation  of  urates  of  soda  and 
the  simple  cooling  of  the  urine,  without  any  »iich  departure  from  r 
composition  as  would  properly  conatitutc  disease,  but  under  Njru--  .. 
ditions  hereafter  to  be  specified  (§  411),    But  if  the  urine  be  ! 
has  firi^t  passed  from  the  body,  and  hm  a  temperatum  of  S^>    ^« 
must  he  considered  as  ab  norm  ah 

408,  Qmntitif. — Dr.  Parke^,^  who  hai  collected  ihe  average;  nf  mmnj  <Kt1 
ferent  observers,  states  that  52i  fluid  ounces  may  be  coni?idered  lu  rvprtMrtitj 
the  mean  quantity  of  urine  discharg€*d  in  24  hour^  by  health v        '      ,  Itiji 
between  20  and  40  years  of  age.'     The  extremes  given  by  dir' 
me  liters  are,  35  ounces  (Prout)»,^.nd  SI  ounces  (B<'k?ker).     A. 
iiiterveaing  number  between  these  two  remarkably  different  qu  ii..ii,  -  hwi 
been  stated  by  one  observer  or  another  to  be  the  ueuaJ  averag**.     Gr^^il  dif*, 
fert'ucea*  t!»erefore  exii^t,  even  in  liealthy  adults ;  and  the  umuunt  ntU  %*aryj 
with  the  quantity  of  fluid  ingested,  the  external  temperature  and  etii}^-i|a 
activity  of  the  cutaneous  traui^pi ration,  the  nature  and  quality  of  the  f 
the  tenjperameni  of  tlie  Ijody,  and  perhaps  even  with  naiiona/  |)ccqlii 
Dr.  Ed,  Smith,  from  daily  experiments  made  ihroughtiui  tlie  year,  luts  j 
that  during  a  cold  summer  (half-year  from  May  to  Ocii>lH?r)  the  a% 
quantity  v/m  somewhat  more,  whilst  during  a  hot  suinmer  it  wii5  mmt 
le^^  than  during  the  winter  six  months.     With  alcohol  givi>ti  fit  pi 
there  was  an  average  decrease  of  20  ounces  per  day  for  three  tt-^ 
tity  of  water  drank  being  unchanged.    Witn  a  day  of  n2*t  th*-  ^i* 
lees  than  on  days  of  labor,  and  there  was  more  on  tread wht?el  >  ah- 
glaading  that  the  quantity  of  water  drank  was  the  sanje.     A  ^^ 
more  perspiration  witli  the  hard  labor.   Women  secrete  bumewh^i  tuui-c  uniie 
than  men,  and  children  nearly  twice  as  much  In  prooortitm  to  tlit-  wri^lii  J 
the  body.    Some  time,  however,  usually  ela^jses after  nlrih  befon 

besin  to  discharge  their  function  with  activity,  the  urine  up  trr 

beingiusually  scanty,  albuminous,  destitute  of  urea, and  coni: 

proportion  of  solid*  ingredients*     Pollack*  found  that  in  w 

to  eighty  davi*  of  age  the  quantity  of  urine  discharged  varied  J  mm  2- At  lo  4J?» 

cub.  cent,  H  to  i  of  a  pint)  per  diem,  and  that  it  was*  ahncist  uiiiiuriiitv  mii 

409.  The  secretion  of  urine  has  been  shown  by  various  ex  -r** 

and  especially  by  Ustimowitsch,  to  be  the  jirfHlncl  of  iwo  liu .  .  .  ^J 

which  16  the  difference  of  pressure  between  the  circulating  blood  and  the  a- 
creted  urine,  whilst  the  other  is  the  amount  of  urinary  material  which  thtf 
blood  contains.  When  the  blood*pressn»^  Is  low  the  secretion  is  dimiabhnfl, 
and  if  the  preMsure  fall  below  40  mm.  of  mercury  it  is  entirely  am35iiHi;(Ji 
tlie  contrary,  wljen  il*e  blood* pressure  is  high,  the  secretion  is  augmejiml 
It  may  be  observed,  however,  that  the  pressure  of  the  blood  in  the  rcuil 
vessels  is  not  always  identical  with  that  of  the  ^ystera  geii^mlly,  *i!i^,  il' 
though  it  must  necessarily  lall  wluui  the  aortic  pressure  in 

duced  considerably  below  that  in  the  systemic  arteries   l  ^' 

cause  leading  to  contraction  of  the  renal  arteries.     In  aeeordmi: 
diminution  or  arrest  of  the  secretion  has  been  notic^'d  when  thi 


*  On  the  UHne,  p.  5. 

*  Thl«  number  ngrees  very  cjts€lly  with  the  careful  eip«riiii«nt4  of  Dn.  Id  S«i>^ 
and  Kauj»p,  Arcli.  t'  Phy*.  Hcilk.j  Bd.  ijv. 

'  Dondera^  Phy&i*jl%'i«,  p.  4S5.        *  Jahrb.  f.  Kmdp'rh*?Uk  ,  N    ' 
'  Se<j  Eerniirdf  Lc^ijiis,  1850*  t.  li^  p.  155 j  Liidwig  utid  Uoli,  Z 

Med.,  Bd.  iv,  p.  93  J    Hermunn^  Vircnow's  Arcbiv,  Od.  xxiiv;  ljM]Tit<jvrii>cxu  i^- 

wig'ft  Arbeitun,  1870.  p.  11*9. 
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Bare  has  been  dimiDished  by  bleeding  or  by  compression  of  tbe  renal  arteries. 
In  one  of  tbe  experiments  recorded  by  Goll,  the  urine  being  discharged  by 
the  ureters  at  the  rate  of  30  or  40  drops  per  minute,  tbe  animal  was  bled, 
when  the  flow  immediately  diminished  to  12  drops  per  minute,  but  upon 
transfusing  into  its  veins  some  bloml  taken  from  another  animal  it  rapidly 
rose  to  188  drops  per  minute.     The  same  effect  may  be  produced  by  acting 
on  the  renal  circulation  through  the  nervous  system,  as  by  irritating  the 
pneumogastrics,  which  depresses  the  action  of  the  heart,  or  by  section  of  the 
spinal  cord  (Ustimowitsch),  or  of  the  sympathetic  (Peyrani)*  at  the  lower 
part  of  the  neck.     Augmentation  of  the  secretion,  on  the  other  hand,  occurs 
when  the  pressure  of  the  blood  is  either  increased  generally,  as  during  diges- 
tion (Bernard),  or  locally  in  the  renal  capillaries  by  ligature  of  the  renal 
veins  or  of  some  of  the  larger  systemic  arteries,  as  the  crural  and  axillary, 
or  by  the  action  of  cold  on  the  cutaneous  capillaries.     It  may  also  be  in- 
duced by  division  of  the  renal  nerves,  which,  paralyzing  the  va.s()-niot^)r 
system,  allows  the  arteries  to  dilate  and  leads  to  a  freer  current  of  blood 
throagh  the   kidney.     Section  of  the   splanchnics  is  followed  by  similar, 
though  less  marked  augmentation,  because  such  section  also  paralyzes  the 
vaso-motor  system  of  the  abdominal  viscera  generally,  and  though  allowing 
of  a  fuller  current  of  blood  through  the  kidneys,  lowers  the  blood-])ressure 
as  a  whole.     Increased  secretion  of  urine  follows  division  of  the  pneumo- 
gastrics and  puncture  of  the  floor  of  the  fourth  ventricle.     Hydruria  is  oc- 
casioned by  mental  emotions,  fear  being  tiie  one  which  most  powerfully 
stimulates  the  kidneys  to  act,  and  the  effect  is  observable  both  in  animals 
and  in  man.     It  may  act  like  cold  by  contracting  the  cutaneous  arteries 
and  producing  congestion  of  the  abdominal  viscera  generally,  since  diarrha^a 
is  also  frequently  induced.     The  large  flow  of  pale  urine  in  Hysteria,  as  the 
attack  is  passing  off,  is  well  known  ;  and  occasionally  this  occurs  as  a  crit- 
ical discharge   in  some  febrile  aft'ections.     The   importance   of  the  other 
fiu;tor  on  which  the  secretion  of  urine  depends  is  sufficiently  demonstrated 
by  the   results  of  an  experiment  suggested  by  Ustimowitsch,  who  found 
that  when  the  secretion  of  urine  had  been  arrested  by  secti(m  of  the  spinal 
cord  in  the  lower  part  of  the  neck,  and  common  salt  or  urea  was  injected 
into  the  veins,  secretion  recommeuce<l  notwithstanding  the  great  diminu- 
tion of  the  blood-pressure  consequent  on  tiie  section,  and  witii  each  addi- 
tional gramme  of  sodium  chloride  injected  a  very  definite  quantity  (15-16 
grammes)  of  water  was  discharged.   So  also  when  a  great  excess  of  fluid  has 
Wn  ingesteti  within  a  short  space  of  time,  it  is  rapidly  discluirgod  by  the 
Wdneys,  nearly  all  having  escaped  at  the  expiration  of  2]  hours  after  the 
last  portions  have  been  taken.'*     Woorara  administered  in  poisonous  doses 
wrests  or  greatly  diminishes  the  amount  of  urine  secreted.     The  inhalation 
of  carbonic  oxide  gas,  on  the  contrary,  increases  it.     It  is  a  matter  of  com- 
Diou  observation  that  injuries  of  the  spinal  cord  are  followed  by  changes  in 
^e  constitution  of  the  urine,  which  becomes  ammoniacal  and  precripitatos 
phosphates ;  but  it  appears  to  be  doubtful  whetlier  these  changes  are  not 
^e  result  of  disordered  secretion  from   the  walls  of  the  urinary  bladder, 
"1^  urine  being  secreted  normally,  but  undergoing  in  its  course  through  the 
Urinary  passages  a  kind  of  fermentation,  which   induces  decomposition  of 
the  urea  and  the  formation  of  carbonate  of  ammonia.'' 


'  Comntos  Rendus,  I.  Ixx,  p.  1300. 

'  Thudichum,  On  tho  Path<)l()gy  of  the  Urine,  p.  20,  1B58. 

'  Schitf  (Lezioni,  1873,  p.  3210  has  pointed  (»ut  that  injuries  of  the  niediilla  oblon- 
??^t'au*e  hyperasmiaof  tho  kidneys,  closely  reseniblinjr  the  second  stage  <»f  Bright's 
~^^e,  which  he  attributes  to  paralysis  of  the  vaso-motor  nerves,  whilst  Brown- 
^uird  (Comptoa  Bendus  de  la  tfocicte  de  Biologic,  1871,  t.  iii,  p.  101,  and  Lancet, 
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410*  The  Spectji^  Gmvittf  corner  to  be  a  very  important  character  in  ' 
aus  tjiorbid  conditioDs  of  the  urine;  aod  it  is  therefore  desirable  to  csdn 
it  corretjtly.     This?  also  is  of  course  subject  to  the  like  causes  of  variation;] 
since,  when  the  same  aniount  of  solid  matter  h  dissolved  in  a  Uri.'.r  ^ri 
smaller  quandty  of  water,  the  specific  gravity  will  be  proportionn I 
or  higher ;  or,  tne  (juautity  of  water  remaining  the  same,  an  incrwui.  ". 
nution  in  the  amount  of  solid  matter  will  raise  or  lower  the  specitic  gravitr.J 
It  has  been  commonly  supposed  that  the  amount  of  solid   matters)  in  i" 
urine  beai^  such  a  constant  ratio  to  its  specific  gravity,  that  the  fonner  u 
be  approximately  deduced  from  the  latter;  this,  however,  is  now  i 
to  be  by  no  me^ins  the  case.*    Still,  the  determination  of  the  specile  gnkxhj 
is  of  sufficient  importance  for  diaguostic  purposes,  to  tnake  it  dee^tmblr  Ut 
possess  an  average  standard,  as  nearly  approaching  to  aeeuraey  a^  drctim- 
itances  will   permit.     The  average,  according  to  Dr.  Front,  in  a  bemlthj 
person,  taking  the  whole  year  round,  is  about  1020;  the  statid&rd  rimnf  in 
summer  (on  account  of  the  greater  discharge  of  6uid  by  pen&pirmtioii)  l# 
1025;  and  being  lowered  in  winter  to  1015.     Simon,  howevef.  slutesj' 
average  specific  gravity  at  no  more  than  1012*     Dr.  Robert**  oWf 
speeifie  gravity  of  his  own  urine,  while  in  a  healthy  state,  to  vary  from  1 
ta  1036.     Pollack'  found  that  in  infants  of  a  few  weeks  old  it  varied  fin^a 
1005-1007.    That  the  specific  gravity  does  not  bear  any  coDMant  rrlatir 
to  the  quantity  dif^charged,  has  been  shown  by  Dr  Hammond ;  who  pt^ticrd 
that,  althongh  the  afternoon  and  e^vening  urine  was  most  abuudant.  itfti 
cific  gravity  was  very  high,  in  consequence  of  it^  containing  a  large f 
portion  of  solid  ingredients.     The  specific  gravity  of  the  urine   pml 
depends  mainly,  in  each  individual  case,  upon  the  amount  of  mMwd  i 
and  of  aqueous  fluids  hahitually  ingested,  allowing  for  the  j- 
latter  that  is  dissipated  by  cutaneous  exhalation ;  and  it  will  a 
the  period  that  ha^s  elapsed  gince  the  last  introduction  of  li*juiil  iuu*  \h^ 
stomach.     From  the^se  and  other  causes,  tlie  amount  of  solid  tnatter  in  l(*0O 
parts  of  urine  may  vary  from  20  to  70  parts ;  and  hcnc^  the  variou*  re 
corded  analyses  of  this  liquid  present  very  wide  diversities  in  the  propo^' 
tion  of  its  .solid  eonstltuents,'    These  discrepancies,  however,  being  diidly| 
due  to  the  fluctuating  amount  of  water,  become  verv  ranch   I*  -^ 
pointed  out)  when  we  calculate  the  proportion  wbien  each  p' 
ponent  beana  to  100  of  solid  residue;  as  is  shown  in  the  follow ii.i^ 


Uric  acid  J    ..... 

Extractive  matter,  Ammonia  ealts, 

arid  Soilium  Chlorid**, 
AlkttUnc  Sul()hHtP*,     . 
AlknVine  PluK<.[ihHti?s,  , 
Fhufip hates  of  Lime  und  Magnesia, 


.     4610 

.       L60 

s6.ao 

,    10.30 
.      IM 


]>JitdittiD. 

28  J6 


mm 

LIO 
42  60 

IM 


sill 


1S71,  vol*  1,  p.  6J  utti-ibuteB  lh«  eonge^tiou  iind  bfemorrhNgOi  seen  la  tbe  kldnr^-^  **^ 
other  ftbdominHl  organ  §  to  coniriietirni  uf  the  v**\-n^,  (*r  iafiiTj)ttftHncou»  c* 
of  hoth  Hrtorivs  »n<i  veins*     UUivier  (  Arelnvcs  d«s  Mofjedno,  Fob.  t874|  gtt ► 
ch«micnl  iibservALions  »l!<»w;ng  the  rapidity  with  which  nlhumen  »pp«iira  Id  ;av  ^^'• 
iifti>r  an  attack  of  a|>o]»l»*xv- 

1  l3eo  Lelifimtiii"6  Phyirioloiriciil  Chemistry  (Cavendbh  Society),  voL  u,  j^.  W* 

»  Edink  Med.  Journ.,  I8m 

»  Loc  cit. 

*  Ii  if  remarked  hj  Lehman n   |on.  cit.,  p.  447),  Ihat  the  urina  of  the  Pri 
poorest  in  flt*l*d  constittionl*,  iispBciHily  in  urea  and  unc  wcid,  and  ihatiif  ih«  1 
the  richest,  that  of  the  GtTiniins  being  in  termed  into  biHwu«n  th*i  two;  th(*  mti 
each  nation  being  in  conformity  with  the  proportion  of  animal  food  cntnnag  idI4J 
ordinnry  diet* 
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We  Bhall  presently  fiDd  the  principal  cause  of  some  of  the  variations  even 
here  shown,  to  lie  in  the  nature  of  the  ingesta.  The  following  table*  will 
ihow  the  usaal  constituents  of  healthy  urine,  and  the  quantities  excreted  in 
24  hours : 


Urimuy  CoBstituents. 


Average  quantitj  excreted 
in  24  hours,  in  graioB. 


ATcrage  quantttT excreted  for 

each  1  lib.  avoir,  of  bodj-weight 

(estimating  thin  at  150  BlM.), 

per  diem,  in  grains. 


-  Acids, 


Urea, 

Uric  Acid, .... 

Hippnric  Acid,    .     . 

Kreattnin,  .... 

Sugar, 

Xanthin,    .... 

Krjptophanic,*    .    . 

Phenyhc,    .... 

Taorylic,    .... 

Damaiuric,      .     .     . 

Damolic,     .... 

Crystalline  fatty  acid, 
possibly  Palmitic 
(ShuDcIc),    .    .    . 

Ozaluric, 

Pigment, 

Mucus, 

Inorganic  Salts, 

(varriog  greatlrin  their  relative  pro- 
poftioDa  according  to  the  nature  of  the 
Mod.  and  compoaed  of) 

SolpDuric  Acid, 

Phiwphoric  Acid, 

Chlorine, 

Potash, 

Soda, 

Lime, 

Magnesia, 

Silicic  Acid, 


612 
8.6 
15 
15 


Traces. 


7 
140  to  880 


17.84  to    41.14 

81  to  79 

61.87  to  173.2 

26.86  to  107.7 

79.75  to  171  0 

2.88  to      6.36 

2.63  to      4  21 

Traces. 


86 
0.067 
0.1 
0.1 


0.983  to  2.53 


0.116  to  0.27 
0  207  to  0.626 
0.345  to  1.164 
0.175  to  0.718 
0.531  to  1.14 
0.015  to  0.042 
0.016  to  0.0?8 


It  is  difficult,  if  not  impossible,  to  determine  the  exact  mode  in  which  the 
acids  are  distributed  amongst  the  bases,  but  the  Chlorides  and  Phasphates 
seem  to  be  eliminated  in  the  following  proportions : 

Grains  in  24  hours. 

Sodium  Chloride, about  250 

Ammonium  Chloride,  ....'*        85 

Magnesium  Phosphate,        ....*•         6)Lphmnnnand 

Calcic  Phosphate, "        10  j    Klelzinsky. 

The  relation  between  the  two  last  is  reversed  by  Neubauer. 

The  urine  contains,  in  addition,  free  carbonic  acid,  oxygen,  and  nitrogen 
gases ;  together  with  a  certain  and  not  inconsiderable  quantity  of  extractive 
matters,  consisting  of  substances  whose  nature  has  not  beeu  accurately  de- 
termined, as  in  the  case  of  those  containing  sulphur  and  phosphorus,  the 

1  Chiefly  drawn  up  from  the  works  of  Parkes,  On  the  Urine,  18G0,  Lond. ;  Thudi- 
cbam,  On  the  PatholoEjy  of  the  Urino,  1868,  Lond. ;  and  Neubauer  and  Vogel,  On 
the  Urine,  Lond.,  1863,  New  Sydenham  Society's  translation ;  to  which  excellent 
treatises  the  reader  desirous  of  further  information  is  referred. 

■  The  presence  of  Kryptophanic  Acid  is  given  on  the  authority  of  Dr.  Thudichum 
(Centralolatt,  1870,  Nos.  13  and  14),  but  his  statements  have  been  called  in  question 
oy  Pircher,  Centralblatt,  1871,  p.  322. 
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substance  termed  Oxide  of  Omkhmyl  by  BcharliDg  fwhit'b  is  appar 

a  resinous  nature),  and  others.     The  aggregate  amouni  of  the  f^fns'^t 

estimated  by  Dr,  Parkes  at  154  grabs  per  diem,  and  <M>Df  f 

Tery  important  field  for  future  invei^t.rgatimis.     It  will  thu^ 

total  fjimntity  of  solid  ma  tcrial  eliminated  by  the  kidueys  does  not  ikJi  tar  •bud 

of  900  grains  in  the  24  hours  for  a  healthy  adult  man  weigbiog  15<>  Ifc 

proportion  of  oi^nic  compounds  being  abmit  550  grains,  and  of  Inot] 

about  300  grains.— Under  the  head  of  constituents  not  constant^-'  • 

tainly  present,  or  perhaps  present  only  in  disease,  may  be  ennf 

men,  fibrin,  kreatin,  xanthin,  sarkin,  grape-sugar,  glycin  in  eorii 

benzoic  acid  forming  hippuric  acid^*  lactic  and  oxalic  acids,  fat 

biliary  eoloriug  matter,  salts  of  the  biliary  acids,  allantoin,  leueiM, 

sin,  cygtiu,  inosite,  taurin,  hiematin,  pus,  spermatozoa,  carbonate  «f  j 

phosphate  of  ammonia  and  magn^ia,  and  sulphuretted  hydr' 

vanf>U!?  substances  consumed  as  food  and  eliminated  by  the  k; 

eoloriug  and  odorous  matte i^  of  various  vegetables  and  certaio  uit^tiiU-     I  in 

acid  reaction  of  the  urine  depends  essentially  on  tbe  presence  of  tbe  aail 

phix^phare  uf  soda. 

41 L  The  most  important  of  tbe  organic  constituents  of  tbe  Uritie  18  tlwl 
which,  from  its  being  the  principal  source  of  the  characteristic  properli«!ii  of 
tlie  secretion,  is  termed  itreu.^  Its  chemical  relations  are  stated  to  \m  bert 
explained  upon  the  hypothesis  that  it  is  the  amide  of  carbonic  acid/  Tliif 
substance,  as  already  mentioned  (§  137),  exists  preformed  in  the  bbiod  m 
the  proportion  of  from  2  parts  (in  renal  venous)  to  4  parts  (in  renal  aJtrnai 
b1o<Nd)  in  10,004).  It  possesses  tbe  power  of  dial y zing  through  aniniiU  aiefli- 
braaes  with  remarkable  facility,  almoi^t  equalling  carbonate  of  potafih  in  ths 
redpect.*  The  absolute  quantity  of  urea  elimluaied  In  24  hour&,  vari^  Willi  ^ 
age,  season,  weight  of  body;  food,  and  occupation,  and  has  been  made  a  fob- 
ject  of  esamiuation  by  various  chemists*  The  following  table*  gt^w  tkt 
remilts  of  some  of  the  more  recent  analyses: 

From  an  examination  of  such  tables  as  this  we  may  draw  tbe  conriusjoo*, 
that  the  average  quantity  cjf  urea  discharged  by  a  man  of  good  brdtlf  hmiti* 
on  full  animal  diet,  is  about  500  grains  |>er  diem  ;  and  that  cbi'  <ij 

3  to  7  years  of  age  excrete,  pro|>ortionately  to  their  weight,  it  jr»i^ 

the  quiintity  of  urea  per  diera  excreted  by  men  in  adult  life,  the  i^uanlitf 
still  further  diminishing  in  old  age.  The  minimum  amount  exeETti?d  br  so 
adult  whilst  fasting  and  at  rest  is  about  2  grains  per  1  lb.  of  b'>clT'mngbi 
In  iufants  at  the  breast  Pollack  (loc.  cit.),  found  the  quantity  to  vary  boa 
15  to  30  grains  per  diem* 

Semon, — Dr*  Ed*  Smlth,^  In  the  course  of  the  year,  fouod  thai  ibeiUlj 
quantity  (in  himself)  varied  from  219  to  upwards*  of  TOO  grains,  tbe  atwap 


^  Eipecially  in  infants  at  the  brdAi^t  (PoUack]  loc.  dt.)« 
*  r.  Gi^rup-Besaaes,  Phys.  Obemie,  p.  510. 

6b} 
"  tTrea,  Hj^K,, 


isium  cyanatoj  CNIfH, 


eoatains  46  J  p6r  cent,  of  nitrogen,  and  U  Esoiit«rio  witli  j 


and  wllh  carbnmidet  FT,  [N^-f  00,. 


<  Miller's  Chemistry,  vol.  iiij  p.  616. 

•  S<<e  Woikart,  Wngn*.*!-'*  Archiv  d.  II^i1kund«,  1862,  p*  lit. 

•  Fwrtly  tiik<?n  from  Dr.  Dny'i  Pbymloi;,  ChninUl??,  18^10. 

'  Proceeding*  of  the  Royal  Society  for  Mv,y  SOth^  ]8»jl,  and  a  pHraie  ^ 
tioa« 


n\ittc»^ 
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upon  the  whole  being  519  grains.  The  proportion  to  each  1  lb.  of  body- 
weight  was,  on  the  whole  average,  2.76  grains.  But  in  experiments  in  prison, 
either  with  or  without  hard  labor,  the  proportion  variea  from  3.72  to  5.82 
grniiM  to  each  1  lb.  of  body-weight ;  so  that  he  is  of  opinion  that  the  relative 
proportion  is  of  no  scientific  value.  There  was  increase  with  diminished 
temperature  and  with  increased  atmospheric  pressure,  and  hence  variations 
in  the  relations  of  these  two  agencies  varied  the  results.  The  increase  in  the 
elimination  of  urea  with  cold  was  often  deferred  until  the  following  day. 
The  period  of  elimination  is  not  that  of  production,  and  whatever  increases 
elimination  of  urine  increases  that  of  urea  also. 


Grains  of 

Proportion  of  Urea 

Ditto  for 

^^ 

WeiKht  in 

Urea  excre- 

excreted to  1000  parts 

every  1  lb. 

Authority. 

lbs.  avoir. 

ted  in  24 

ofbody-weiKhtin 

of  body- 

85.7 

hours. 

24  hours. 

weight. 

Girl,.  .  . 

H 

199.8 

0.79 

6.67 

> 

Boy,.  .  . 

7 

49  2 

281.8 

0  81 

6.72 

•  Scherer. 

Man,.  .  . 

22 

137.8 

416.8 

0.43 

2.94 

Man,.  .  . 

38 

153.7 

459.2 

0.42 

3 

Boy,.  .  . 

8 

20.8 

207  7 

1.03 

6.96 

Boy,..  . 

4 

81.7 

240  2 

1.08 

7.57 

Girl. .  .  . 

6 

86.9 

280.2 

1.08 

7.59 

» Kominel. 

Youth,.  . 

18 

129.1 

662.1 

0.62 

4.36 

Man,.  .  . 

81 

168.7 

604.9 

0  51 

3.69 

Man,.  .  . 

66 

127.9 

295.2 

0.33 

2.31 

Boy,.  .  . 

3 

85 

65.7 

0.53 

1.9 

Youth,.  . 

16 

107 

305.8 

0.41 

285 

Girl,.  .  . 

18 

146 

810  9 

0.80 

2.14 

Bischoff. 

Woman,. 

48 

107 

389.9 

0.28 

3.63 

Man..  .  . 

46 

237 

579.6 

0.35 

2.44 

Man,.  .  . 

42 

196 

619 

2.78 

Ed.  Smith. 

Period  of  the  Day. — The  greatest  hourly  elimination  of  urea,  in  Dr.  Smith's 
experiments,  occurred  after  the  breakfast  and  tea-meals;  whilst  it  was  least 
during  the  hours  of  the  night  and  early  moining.  Ranke  found  that  it 
steadily  diminished  from  the  morning  to  the  eveniiig. 

Sejc. — According  to  Dr.  Parkes,  the  quantity  of  urea  excreted  every  24 
hours,  for  1  lb.  of  body-weight,  is,  for  men,  about  3  J  grains ;  for  women,  about 
3  grains.  During  menstruation,  according  to  Beigel,  the  excretion  of  urea 
dimlDishes,  but  subsequently  it  is  increased. 

Food, — Variations  in  the  quantity  and  quality  of  the  food  occasion  great 
diffei^Dces  in  the  proportion  of  the  urea.  The  following  table  gives  the 
'«8ult8  in  grains  of  some  of  the  best  observers : 


Ranke.* 

Lehniann.* 

HaughtoD.' 

Wamecke.* 

Man.    Woman. 
620         414 

389.6    VlO 

Kdlllker  and 
Franque.* 

I.  Mixed  diet,   .     .     . 

11.  Highly  animal  diet, 

ni.  VegeUble  diet,  .     . 

IV.  Non-azotizcd  diet, . 

~~. 

463-617 

1332 

2H4 

264 

501  76 
821.37 
347.10 
237.90 

576 
394 

586.7 
1420 
447.7 
262.48 

•  Grundzuge  der  Physiologie,  1872,  p.  509. 

'  Lehmann,  Pbya.  Chem.  (Cav.  Soc.  ed.),  vol.  ii,  pp.  450-452. 

•  Haughlon,  Dublin  Quart.  Journ.,  1859.  *  Dub.  :3i 

•  Vierordt,  Phys.,  1800. 


Med.  Press,  1859. 
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The  immense  amount  discharged  upon  a  bighly  albumii^iis  diet  ii  v«fiby 
of  particular  notice.  The  quantity  of  urea  always  inereafieB  after  food*  ti- 
tatuiDg  its  maximum  usually  about  the  M  or  4th  htmr,  aud  thb  wi>uM«^ 
rej^poiid  with  the  penofi  wbeu  digesliuu  and  abaorptian  being  rompletijik 
interstitial  chnnges  in  the  eells  and  tissues  throughout  the  \y*^dy  are  btiM 
performed  with  the  greateast  activity*  When  an  animal  h  fiMl  yofaltut 
water  exclusively,  or  on  starch  and  tat,  with  a  very  small  adniixtuneof  tlbt^ 
miuDus  compounds,  or  on  sugar,  the  excretion  of  urea  falls  eTen  Mm  thft 
proportion  found  in  absolute  Hiarvation,*  ajiparenUy  because  when  no  fuoi 
or  an  inadequate  quantity  of  fle^^h-food,  m  given,  the  animal  co uiiuitiei  nnw 
of  ita  own  flesh  in  order  \u  maintain  its  temperature,  and  thua  more  KiHo- 
gen  is  eliminated  than  wheu  fat  U  i^upplied;  lor  this,  by  combi!  °  *'■  iht 

Oxygen,  keepa  up  the  temperature^  and  sparest  the  tissues  of  tli  I^ 

is  certain  that  nearly  the  whole  of  the  Nitrogen  coosumed  as  imA  i^  r 
nated  by  the  urine  in  the  form  of  urea.  Thus  in  an  experiment  mm! 
Prof.  Parkes,'  extending  over  sixteen  days,  two  men  who  con-sumtH!  in  th*t 
period  313.76  grammes  of  nitrogen  in  their  footi,  dbehar^ed  by  tht*  niiw  id 
the  same  time  303.66  aud  307.257  grammes  of  urea  respectively,  the  diiEer- 
ence  being  made  up  by  the  fmees  and  other  excretions.  Every  grain  of  urea 
may  be  regarded  as  proceeding  from  the  disiotegration  of  3  grain* of  Pmteifl. 
and  represents  the  amount  of  work  performed  in  raising  1.4  ton  throufb  <iiit 
foot.  So  that  on  the  supposition  that  501.28  grains  are  eliminalrd  m  lli* 
day,  the  amount  of  work  perfi»rmed  would  amount  to  218,766  kilogniininctn% 
or  704  foot'tous  (Haughtoii).  Genth'  has  shown  that  an  incr^m^  ta  ^ 
quantity  of  water  draufc  is  followed  by  a  marked  increase  in  the  quantitv  • 
urea  eliminated,  and  this  especially  if  the  water  be  taken,  not  l>etHTr£i, 
at,  mealtimes.  Certain  substances  consumed  with  the  food  incrraM:  lU 
quantity  of  urea  excreted;  amongst  these  are  Urea  itself  and  Untt  Aei4. 
common  Salt  (Voit),  Phosphoric  Acid  (Bocker),  Glycin,  Guanin,  Tb«4«*»* 
miu,  Cubebs,  and  Cantharides.*  On  the  other  hand^  it  is  diminislued  irf 
Digitalis,  Arsenic,  Turpentine,  and  Alcohol. 

Exertion, — The  influence  of  muscular  exertion  on  the  excretiOQ  of  T^t«  if 
a  subject  to  which  great  attention  has  been  directed  during  the  last  ' 
as  being  likely  to  afftird  some  insight  into  the  source  of  musculiu 
and  to  show  whether  the  force  exerted  by  muscle  is  derived  £wm  the  i 
tegration  and  oxiilution  of  its  own  proper  aubstanoe,  or  whether  it  pr 
from  the  oxidation  of  certiiiu  constituent!!,  and  especially  of  the  hv«l^u^a^ 
bonaceous  c<mstitueuts  of  the  blood,  the  heat  derived  from  which  iKc  miit^ 
eular  tissue  is  cap  able  of  co!  averting  Into  mechanical  force.  In  the  foniiff 
case  we  should  natu rally  expect  that  the  nitrogenous  products  of  the « 
tegrated  mu!?cular  tis^^ue  would  appear  in  the  urine,  in  the  lattrr  we 
anticipate  au  increase  in  the  ainduut  of  carbonic  acid  and  wjm  ' 
frf»m  the  body,  without  material  increase  in  the  excretion  of  N 
urine.  The  iaets  of  the  case,  m  will  be  s^een,  are  opposed  t^^ 
the  tissue  of  the  muscle  is  materially  dii^  in  leg  rated  during  e\  _ 

favor  of  the  view  that  the  energy  m  derived  from  the  oxi'laiM   .     .  i.wh 
carbonaceous  compounds.     The  experimeiila  of  Dr.  Ed.Sit^Kr>  w, 
the  first  to  show  that  muscular  exercise  wm  not  atrendi-d  with  any  m 
increase  in  the  amount  of  Urea  eliminated.    He  found  that  with  violent  1 
as  that  of  the  tread  wheel,  there  was  only  au  increase  of  19  *^mim  daily  ftiw] 
that  of  light  labor.    On  Sunday  there  mm  an  incr^iae  with  iocroaae  of  Ibtfl;  | 

>  Ludwtg*  p.  ?ftl,  voL  ii. 

»  Proeec-ainp  of  the  Royal  Society,  imi,  No.  U. 

'  Untifriudi^  uber  deri  :ifeinflu&9  dc^  Wa*««*ftrink.  Mitf  den  StolTfreefat^i  iWt 

•  T,  Qorup-Betjinczj  PhytioWg.  Chem.,  p.  fi<0,  18*32. 
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jtit  in  pri.«oiier&  without  variation  of  fi>od,  with  spare  eystemSp  and  mth  in- 
cn'ai*e  m  iIk*  fiix/it*,  there  was  a  decrease.  Similar  results  were  obtained  by 
Voit,^  %\h*>,  m  uoiu^ietiuence  of  the  very  small  diflereace^  that  occurred  in  thli 
quanlJtit^  of  urea  eliminated  in  fa^stiog  animals  (Dog*)  with  and  without 
work,  kfiieved  that  ssueh  flight  increase  of  urea  as  really  occurs  after  severe 
labctr,  h  due  to  increased  thirst  and  ingestion  of  water,  together  with  iu- 
erease^l  nipidity  of  the  movements  of  the  heart  and  lungs,  Lehmann's'  ex- 
peri  meotB  also  showe<3  that  no  increase  of  urea  took  place  in  thoee  engaged 
in  active  exerdi»e.  In  1^6<>  an  important  experiment  hearing  uu  this  point 
was  made  by  MM.  Fick  and  Wiiiliceuus.'  These  oberven*  investigated  the 
changes  occurring  in  the  elimination  of  Nitrogen  by  the  Urine  during  the 
fluent  of  the  Faulhorn,  OJie  of  the  peaks  of  the  Swiss  Alps,  and  about  6500 
feet  in  height.  They  took  no  albuminous  food  for  seventeen  hours  previ- 
ously, nor  during  the  accent,  which  occupied  eight  hours^  nor  forsix  hours 
mfter.  their  diet  consisting  of  biscuits  of  starch,  fat,  and  sugar.  The  ej;:am- 
bation  of  the  urine  gave  the  following  r^ult^: 


Urine  of  ibe  night  prevloua  to  the  fticent— a  period 
af  t2  botirs,  .,,.,.., 

Urino  of  ihe  pisriod  of  na^^ent— S  hotirt  mnd  10  min- 
uivs,      ....****. 

Unntr  excreted  fur  6  himra  uflt^r  the  Hscent, 

Urine  of  tho  nii^bt  following  tht-  ascent,  flft€?r  n 
gocH)  meat  had  been  ink  en — lOj  buur&, 


sxcn'ted  per  hour  wn*,  hf 
Ffck.  WiJinceniis, 

0,03  gnimme.  0*61  gnoiinm. 


041 

OAO 

045 


0.39 
0  40 

0  51 


Here  there  was  evidently  a  decrease  in  the  excretion  of  nitrogen  during 
and  after  exercj^^e,  but  it  must  be  remembered  that  oo  nitrogenous  food  was 
consumed.  Very  similar  results  were  obtained  by  Professor  Haughton/  who 
found  that  with  abont  five  miles  of  daily  walk  the  amount  of  urea  elimiuated 
vtt»  501,2*^  grains  per  diem^  whilst  when  the  exercise  was  increased  to  20,74 
miles  of  horizontal  walk  for  five  consecutive  day^,  the  amount  of  urea  was 
^>01.1*i  grains;  actually  le^s  than  the  previous  average-  Two  still  more  com- 
plete series  of  ex  peri  men  (5  have  l>een  eondueted  by  Professor  Parkes*  on 
two  soldiers,  in  the  tii-^^t  rnnes  of  which  he  investigated  the  elimination  of 
nitrogen  by  the  kidneys  and  inieiitiDeB,  during  rest  and  e^cercise,  on  a  diet 
without  nitrogen;  whilst  iti  the  second  series  the  nren  were  placed  on  a  regu- 
late<l  diet  of  nitrogen.  In  the  first  series  of  experiments  the  men  were  kept 
for  a  first  period  of  &ix  days  on  orditiary  diet  and  occupation,  in  order  to  de- 
termine the  conditions  present  in  perfect  health,  and  to  serve  as  a  ground  of 
com  pa  rison .  Then  for  a  second  period  of  two  days'  d  u  rat  ion  the  men  were  kept 
oo  a  non-nitrogenous  diet  and  remained  at  rest.  Under  these  circumstances 
the  urea  fell  from  S5  grammes  (which  was  about  the  usual  daily  amount 
With  ordinary  diet),  to  16.7  in  one  man,  and  in  the  other  from  26  to  15 
grammes,  or  in  both  to  about  one-half  its  ordinary  amount.  During  the 
third  period  of  four  days  the  men  returned  to  their  usual  diet  and  occupation, 
by  which  time  they  were  considered  to  have  regained  their  ordinary  condi- 
tioiij  and  the  tjuantity  of  urea  excreted  rose  to  its  ordinary  amount.  Dur- 
ing the  fourth  period  of  two  days  the  men  were  again  placed  on  non-nitro- 
genous diet,  but  on  this  occasion  were  made  to  take  severe  exercise  j  walk- 
ing nn  the  fii'i^t  <lfty  2^i76  mile^,  and  on  the  eseeond  day  32,7B  mites.  It  was 
found  that  during  the  first  thirty-six  hours  there  was  a  decrea.'^ej  but  la  the 


"  Hcale  and  3tei?snor,  ISflO,  p.  878, 

»  Arcbiv  des  Verf*ln»  fur  W1&«(vn«dliaft   Hdlktindo,  vol.  tv,  p,  484,  1880. 

■  Lood,  PUjL  M«g.,  l&JO,  p.  481  *  Lecture,  Brit.  Med.  Afiaoc,  18<J8. 

»  Proceed.  Boy.  Soc.,  Nos,  89,  »4,  1867, 
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last  twelve,  or  r^t  hours  of  the  forty-eipht  hours,  an  increiise  in  thf?  g]|KMi| 
of  urea?  and  that,  on  the  whole,  the  effect  af  the  exerthiti  of  waiktog  tkf^ 
six  tniles  on  a   DOD-uitmgeDous  diet  was  a  total   iuereasi^  of  opIt  1.5^ 
gmmme  of  nitrogen  in  ooe  man,  and  in  the  other  of  only  0.223  gTumncb 
the  forty -eight  hours.     Id  the  tifth  period  the  men  once  tiiore  rrloriMd  Ift  1 
their  ordinary  diet  and  occuiiatba  for  four  days,  in  which  a  cnn-lJHraMrir  | 
crease  of  nitroojen  over  the  average  amount  was  observed;  \\  wml 

ig  referred  by  Dr.  Parker,  not  to  tlie  elimination  of  the  prodmx-  ■  »  .>..-*..*fiJ| 
muscle  during  the  work  period,  but  to  an  excess  of  nitrogenous  focd  eoa- 
turned  in  the  four  days  following  the  exercise.     In  the  seeoml  scrieio^fS- 
pcriment^  two  men  were  kept  on  the  same  nitrogeuized  diet  for  dxt^s  dan.] 
For  four  da3's  they  were  kept  at  their  ordinary  employment;  dt}riagtV9| 
days  rested;  returned  to  ordinary  work  for  four  days;  took  very  «ttifra«j 
ercise  for  two  days,  walking  iwenty- four  and  thirty-five  mile?,  anrl  wrnj  l" 
for  four  days  more  on  ordinary  oeeupation.     The  changes  that  took  |)4jnt  'm_ 
the  urea  were  alrao>?t  identical  with  tho^  in  the  total  niirogeii  eliiuii)stiiil«iid~ 
so  nearly  equal  to  that  in  amount,  that  (aHowanee  being  made  for  nhat  pMd 
by  the  Cowelj^)  it  was  certain  none  pas^^ed  iS\  either  during  rest  or  eicfw 
by  the  &kia  or  lun^.     The  results  were,  that  in  the  finst  f»eriod  thci 
of  urea  was  almost  precisely  the  same  in  the  two  men.     In  the  iv?t  pcii 
iticreaj^ed  nearly  two  grammes  daily  in  each  man,  fell  during  the  tlM^ii 
to  the  former  a ve rage »  decreased  greatly  during  the  fir&t  thirty 
of  the  exercii^  period  as  compared  with  the  rest  period,  and  Idi 
the  last  twelve  hourn;  in  the  last  or  after  work  p^riiKl  it  also  i 
though  in  a  lesj^  proportion  than  the  total  nitTOgen*     The  first  ^erh 
experiments  undoubtedly  corrol>orate  the  statement  of  Fick  ami  \\ 
that  on  a  non-niirogenous  diet  exercise  proiluce^  no  notable  ii 
nitrogen  of  the  urine;  although,  when  the  subsequent  peritxi 
ered  it  doe?  prwluce  a  slight  JDcreaije,     The  second  ^erici^  - 
an  unchanged  amount  of  nitrogen  ingested,  eo  far  from  ;1 
ereaae,  there  wa«  an  actual  diminution  in  the  amount  of  urea  » ■ 
both  during  ordinary  and  during  severe  exercise^  as  Gomj>aretl  \^ 
There  was,  ou  the  other  hand^  an  exce*^  not  great  but  long  eontiou 
nitrogenous  excretion  after  exerciise;  and  there  was  a  retentiim  of  ihi^  I 
gen  in  the  system  when  it  was  again  supplied  after  both  rest  and  ncrnw,! 
and  greatest  in  the  latter  ease,  showing  that  it  i»  needed  in  the  !(V5!i*ai«  andf 
that  an  insufficient  supply  at  one  time  must  be  subsequently  amile  up.    b| 
eome  receut  experiments  by  Weigelin,*  it  appeared  that  if,  aflei-  i^<i  h 
of  strenuous  muscular  exercise,  the  amount  of  urea  etimitiated  duriitf  1^1 
succeeding  two  hours  were  determined^  an  increase  of  as  mut:h  mm  50  pf 
cen  t,  on  th  e  or d  i  ua  ry  a v  e  rage  wa*  so  m  e  ti  me^  o  bse  r  ved «     Pe  r.i  isieii  i  m  Ufcalar 
etfort  (testanus)  was  found  to  produce  more  urea  than  the  alternate  c^iitiii> 
lion  and  elongation  of  muscle.    In  1870  and  1871  a  very  important  ati4  t^tm- 
plete  series  of  observations  on  the  effects  of  protracled  and  at-v  ''>' 

exercise  upon  the  excretion  of  nitrogeTk  were  umde  by  Dr.  . 
aided  by  several  other  physiologists.^  The  subjeet  of  the  exjicritucni  wu 
Mr.  Weston,  who,  in  the  tii*st  instance  walked  UK)  mile*  in  tweaty-««oe  iiti^tm 
and  thirty-nine  minutes,  and  sul>sequeutly  attempted  to  walk  4i)0  mil«6  ifl  i 
five  consecutiye  days ;  which,  however,  he  failed  to  accomplish'.  Df ,  FHrt 
made  a  careful  examination  of  the  urine  for  five  days  preetailitis  the  vtlk, 
for  the  five  days  of  the  walk,  and  for  five  days  after  the  walk-  Sir.  Wirt«  | 
was  thirty -one  years  of  age,  and  his  weight  was  about  120  lbs.     Hei 


>  Bt'ichertV  ArchW,  1808^  p.  207. 

*  Se«  Nuw  York  Medical  Jouroal,  June,  1871,  pp.  609-697* 


THE   EIDNETS  —  SECRETION    OF    URINE.  507 

in  moderation,  and  was  an  almost  total  abstainer  from  alcoholic  fluids.  On 
the  first  day  of  the  walk  he  made  80  miles,  on  the  second  48,  on  the  third  92, 
on  the  fourth  50,  and  on  the  fiflh  40.  The  failure  occurred  on  the  fourth 
day  from  vertigo,  partly  induced  by  want  of  sleep.  During  the  five  days  of 
the  walk  Mr.  Weston  consumed  in  all  1173.80  grains  of  nitrogen  in  his  food, 
and  eliminated  1807.60  grains  of  nitrogen  in  the  urine  and  fux^s.  This 
leaves  633.80  grains  of  nitrogen  over  and  above  tlie  nitrogen  of  the  food, 
which  must  be  attributed  to  the  waste  of  the  tissues,  and  probably  almost 
exclusively  to  the  waste  of  the  muscular  tissue.  I^ean  meat  as  has  already 
been  shown  contains  about  three  per  cent,  of  nitrogen  (§  337).  The  loss  of 
633.80  grains  of  nitrogen  would  then  represent  a  loss  of  21.127  grains,  or 
3.018  Iw.  of  muscular  tissue.  The  actual  loss  of  weight  was  3.450  lbs.,  which 
allows  0.43  lb.  loss  unaccounted  for,  which  might  be  fat  or  water.  It  would 
hence  appear  that  there  was  a  distinct  consumption  of  muscular  substance 
during  the  immense  exertion  of  the  period  of  five  days*  walking.  In  two 
days  after  the  walk  the  weight  of  the  body  had  been  made  up  to  within  four 
ounces  of  the  normal  weight.  Schultzen  and  Nencki^  have  shown  that 
Leucin  and  Glycocol  administered  to  dogs  greatly  increase  the  amount  of 
urea  eliminated.  Ty rosin  causes  no  increase,  but  is  expelled  unaltered.  Cere- 
bral activity'  and  sexual  excitement'  augment  the  quantity  of  urea. 

Frequency  of  Afidurition, — Kaupp*  has  shown  that  with  increased  fre- 
quency of  micturition  there  is  an  increase  in  the  quantity  both  of  urine  and 
of  urea  discharged  in  twenty-four  hours. 

Disease, — The  amount  of  urea  eliminated  increases  in  the  early  stages  of 
nearly  all  acute  diseases, — meningitis,  pneumonia,  typhus,  etc.,^ndicating 
the  rapid  disintegration  of  the  nitrogenous  tissu(;s  and  constituents  of  the  blood, 
and  coinciding  with  the  period  during  which  increased  heat  of  skin  is  usually 
complained  of.  This,  though  not  more  than  4°  or  5°  Fahr.  above  the  ave- 
nge, represents  (from  Newton's  law  of  cooling),  an  increase  of  one-eighth  of 
the  total  amount  of  heat  produced — an  amount  ecjuivalent  to  the  force 
required  to  raise  the  body  through  one  mile  of  vertical  height  per  diem,^ 
and  furnishing  an  adequate  explanation  of  the  extreme  exhaustion  experi- 
enced by  the  suflferers  at  this  period.  Vogel  and  Warnecke  found  that  in  a 
case  of  typhoid  fever  no  less  than  lOOoi  grains  of  urea  were  excreted  daily, 
or  more  than  double  the  usual  average,  and  in  a  case  of  })yaimia  the  extra- 
ordinary quantity  of  1235i  grains.  Now,  as  every  four  grains  of  urea  ex- 
creted correspond  to  five  tons  Iit\cd  through  one  foot,  it  is  obvious  that  nn 
enormous  amount  of  force  is  s])ent  in  these  diseases,  fully  accounting  for  the 
extraordinary  debility  induced  in  sucJi  patients.  When  the  fever  is  over 
the  quantity  of  urea  falls  below  the  normal  amount,  in  spite  of  the  aug- 
mented quantity  of  nitrogenous  food  ingested,  which  is  doubtless  appropri- 
ated to  tne  repair  of  the  wasted  tissues,  and  it  then  after  perfect  recover}' 
returns  to  the  normal  standard.  During  convalei*ceuco  it  gradually  subsides, 
and  may  even  fall  below  the  normal  amount.  The  i)roportion  appears  to 
be  remarkably  diminished  in  some  forms  of  hepatic  disease.  Thus  Frerichs,* 
in  a  case  of  acute  atrophy  of  the  liver,  found  no  tnice  of  urea  in  the  urine, 
but  in  its  place  leucin  and  tyrosin.  In  another  case,  recorded  by  Vogel,  of 
cancer  of  the  liver,  scarcely  one-fourth  of  the  normal  quantity  of  urea  was 
found  in  the  urine;  and  Heller  has  shown  that  the  proportion  of  urea  is 
diminished  in  chronic  nervous  affections,  and  in  ameniia,  however  produced.' 

"  Z4*ils.  fOr  Biologic,  1872.  »  Byasson,  R«v.  d.  Cours  Sciont.,  1868,  Tliosis. 

>  Uau^hton,  loc.  cit.,  found  the  ordiriHry  quHntity  of  urou  to  bo  in  the  r>heep  2t)G 
grmin»  |H.*r  diem,  hut  in  the  ram  durine:  the  niitinji:  season  1493  grains  per  diem. 

*  Archiv  f.  Phys.  Hoilk.,  1856.     *  Uaughton,  Op.  cit. 

*  Deutsche  Klinik,  1856,  p.  81.    ^  Gmelin,  vol.  viii,  p.  825. 
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412.  Xext  in  importance  to  urea  araoug  the  organic  prodiieU  of  tlip  tnetif 
Diorphosis  of  the  azotized  coEstitueots  of  the  tis*ai€»  or  of  the  blood,  h«t  i 
ordinarily  bearing  a  very  small  proportion  to  it  U  :  45  or  olJ)  in  i|imDiitTT  | 
ifl  Uric  Acid  (C\Ji^^pJ.  This  compound  contains  33  per  cenL  of  ' 
It  probably  exists  in  the  urine,  partly  in  the  free  Matt%  and  partly  - 
or  conjugated  with  the  alkaline  phoaphates.'     The  variation?  in  itn  «i4.i> 
quantity  eliminated  are  considerable;  and,  according  to  Hauke.  whilst  in 
great  measure  independent  of  differences  in  age,  sex,  height,  >^'     '  km- 

peratnre,  stand  in  close  relation  with  the  ingestion  of  t'ootl,  dit  i<>4 

minimum  of  3,7  grains  with  abstinence,  and  rising  to  a  max 
grains  on  a  full  meat  diet.     Prof  Haughtou  lonnd  the  nvt .    , 
eliminated  by  those  consuming  animal  food  to  be  4.oa  grains  |)et  dkm,  *vltiii4 
v^getanans  discharged  only  1.48  grains.     Pollack"*  found  that  the  muji^tit? 
was  relatively  large  in  infants  at  the  breast,  varying  from   L5  to  3  j 
per  diem.     It  is  diminished  after  the  use  of  Alcohol  (Hamiiiond  i,  anti 
the  administration  of  Quinine  ( Ranke)^  and  is  totally  abst'tit  when  hip  ^ 
draughts  of  water  have  been  taken  (Genth ).     It  is  increa?t>d  after  iht*  fwj 
use  of  Tobacco  (Hammond),  and  after  the  consumption  of  certain  mhi^ 
introduced  into  the  fooii,  m  Glydn  and  Urea,  bnt  no  iudueuce  U  t!xert«?(j  du\ 
its  quantity  by  mental  activity  or  repo»e  (Bvaasou)*   The  elTeets  tif  mueruW 
exercise  were  found  bv  Austin  Flint"  to  cause  slight  increapfe,  tbe  oyantitT 
passed  by  Mr,  Weaton  in  hiB  long  walk  of  31 7 1  miles  iu  five  dayy,  beineit 
the  rate  of  three  grains  per  diem,  whilst  during  the  five  days  previa 
walk  it  wa^^  2.26  grains^  but  the  quantity  varied  comidunibly  nn  ^ 
without  it  being  possible  to  connect  this  variation  with  the*. 
tbe  food  or  tlie  amount  of  the  exercise  taken.     A  nmrke<!  incr 
observed  in  intermittent  fevers,  in  lenka;mia,  In  peritonitis, 
some  chronic  renal  nnd  spinal  afFcctions,     Uric  acid  is  fouiid  i 

Eulp  in  considerable  quau titles,  and  also  in  the  lungs,  liver,  pan- 
rain;  in  the  juice  of  muscle??,  and  in  small  quantities  in  the  blood 
iu  the  form  of  an  acid  itrate  of  aoda  or  ammonia/     It  seems,  therelof*,  (oi 
be  very  generally  present  where  active  interstitial  chaugcs  arc^  taking  platvJ 
The/>rm/>i7rt^io/tof  Urie  acid  (usually  in  combination  with  potJish,  ja<jda,iiiMi 
ammonia,  aud  perhaps  sometimes  with  lime),  which  frequently  takci*  pbrutm 
the  cooling  of  the  urine,  must  not  be  regarded  as  indicative  of  the  prr«^m'e 
of  an  unusual  amount  of  this  substance;  since  it  may  rleprnti  itpju  otWrJ 
conditions.     It  seems  to  have  been  clearly  proved  by  Dr.  IWnce  J*>nc*,*  tint  I 
there  is  no  relation  whatever  between  the  acidihf  of  the  urine,  and  tht^  «A«»- 
lute  nmouni  of  Uric  acid  which  it  may  contain ;  for  In  the  nrioo  whirh  it 
naogt  acid,  and  which  deposits  the  largest  uric  acid  st^bment,  v^ 
acid  may  really  exist;  whilst  that  which  con  tains  most  urif?  ;. 
it  in  perfect  solution,  and  may  have  but  a  feeble  ncid  rcarlion,     Thv 
cause  of  the  deposit  of  Uric  acid  sediments,  is  doubrlej^^  the  presence  oft 
other  acid  ;  for  the  addition  of  any  acid  to  henlthy  urine  po^^cd  «nofi  i 
food,  is  always  sufficient  to  produce  it     But  the  deposit  takes  place  liwl 
readily  if  the  temperature  of  the  tluid  be  high,  since  the  solvent  i»wiir  o( 
tbe  acid  phosphate  of  soda  is  then  more  .strongly  exerted  ;  &©,  on  the  Either 
hand,  a  deposit  often  takes  place  in  urine  which  would  not  otherwi^cxliibil^ 
it,  through  an  unusual  reduction  in  its  tetnperature,  as  by  exposure  f*  ifa»  ' 
cold  air  of  a  sleepiug-r<K)m  in  the  winter.    Again,  the  deposit  of  uric  itM 


>  Byasson,  Rev.  d.  CoartScionl  ,  ISST-S,  p*  610*  »  I*- 

•  New  York  M<>d.  Jourmil,  1871,  lu  687. 

*  Thudichum,  Pathology  of  tb**  Urine,  p»  97. 

^  Se«  his  Cantribntiona  to  th«  Chemlalry  of  the  UrlriG,  !m  Fbl1a$.  Trvm.f  IB^ 
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aediment  is  favored  by  concentration  of  the  liquid,  which  thus  augments  the 
proportion  of  the  urate  to  the  water,  and  at  the  same  time  intensifies  the  acid 
reaction ;  and  thus  urine  whose  constituents  are  otherwise  normal,  may  throw 
down  a  copious  deposit  of  this  kind,  merely  from  deficiency  of  water ;  whilst 
an  unusual  amount  of  uric  acid  may  be  really  present  without  being  de- 
posited,— the  urine,  too,  exhibiting  its  ordinary  acidity, — if  the  proportion 
of  water  be  large.  Thus  the  uric  acid  sediment  may  be  regarded  as  depen- 
dent upon  three  concurrent  conditions:  (1)  Decrease  of  temperature;  (2) 
Increased  proportion  of  uric  acid  compound  to  the  water,  positively  or  rela- 
tively;  (3)  Increased  acidity  of  the  urine.  Sometimes  one  condition  is  most 
influential,  sometimes  another ;  but  they  are  all  usually  concerned  in  some 
degree. — There  are  many  diseases,  especially  those  of  a  febrile  nature,  in 
which  the  presence  of  an  ejr/^ess  of  uric  acid  is  a  very  marked  symptom ; 
there  is  often,  at  the  same  time,  a  reduction  in  the  proportion  of  urea ;  and 
thus  it  would  seem  that,  with  perhaps  an  augmented  tendency  to  disintegra- 
tion of  the  tissues,  there  is  an  incapacity  for  the  performance  of  that  higher 
Erocess  of  oxidation,  which  is  requisite  for  the  genesis  of  urea;  so  that  a 
irger  proportion  of  the  products  of  the  "  waste  **  passes  oflT  in  the  state  of 
nric  acid,  as  in  animals  whose  respiration  is  feeble. — ^The  proportion  of  Hip- 
purie  Acid  (G^H^^O^-^-ilO)  present  in  the  urine  appears  to  be  in  great 
measure  dependent  upon  the  nature  of  the  food  and  upon  the  amount  of 
exercise.  According  to  the  researches  of  Weissmauu  and  Thudichum,  it 
amounts  to  between  30  and  40  grains  per  diem  on  a  mixed  diet.  On  a 
purely  animal  diet,  it  falls  to  about  12  grains  per  diem  ;  whilst  it  rises  con- 
siderably when  vegetables  alone  are  consumed ;  and  its  origin  has  been  at- 
tribute<)  by  Shepard  and  Meissner*  to  the  conversion  at  the  kidney  of  a 
substance  existing  in  the  cuticle  of  plants  having  the  formula  C,^H,.Pjo  and 
nearly  allied  to  Kinic  acid.  As  might  be  anticipated,  therefore,  a  large 
quantity  of  this  acid  is  constantly  present  in  the  urine  of  Herbivora,  but 
only  traces  exist  in  that  of  Carnivora.  Both  Mack  and  Roussin  found  that 
horses  at  rest  pass  much  urea  and  little  Hippuric  acid  ;  but  when  at  work, 
the  quantity  of  Hippuric  acid  equalled  or  exceeded  that  of  urea,  the  abso- 
lute quantity  of  the  latter  undergoing  a  diminution  equal  to  the  increase  of 
the  Hippuric  acid.  As  urea  is  one  of  the  ultimate  products  of  oxidation  in 
the  body,  whilst  Hippuric  acid  is  very  imperfectly  oxidized,  it  would  seem 
that  during  violent  exertion  the  due  oxidation  of  the  secondary  nitrogenous 
compounds  produced  by  the  disintegration  of  the  tissues  is  interfered  with, 
perhaps  by  the  diversion  of  the  oxygen  to  form  carbonic  acid,  the  quantity 
of  which  has  been  shown  by  Dr.  Ed.  Smith  to  be  so  notably  increased  by  all 
kinds  of  muscular  exertion  ;  or  we  may,  with  more  probability,  suppose  that 
the  lungs  are  unable  to  eliminate  the  whole  of  the  carbon  of  the  disinte- 
grated tissues  in  the  form  of  COj,  and  that  a  part  of  the  carbon  is  conse- 
quently discharged  by  the  kidneys  in  the  form  of  the  richly  carbonized  com- 
pounds, Hippuric  or  fienzoic  acids.  The  quantity  of  Hippuric  acid  eliminated 
can  be  greatly  increased  by  the  administration  of  Benzoic,  Succinic,  Ciuna- 
mic,  or  Kinic  acids,  or  of  Oil  of  Bitter  Almonds.*  The  transformation  of 
Benzoic  into  Hippuric  acid  appears  to  take  j)lace  at  the  liver,  as  it  does  not 
occur  in  jaundiced  patients,  or  in  dogs  in  whom  the  ductus  communis  chole- 
dochtis  has  been  tied,  the  Benzoic  acid  then  passing  off  unchanged.  The 
process  is  exceedingly  simple.  Benzoic  acid  {C^^H.fi^)  -f  Glycin  (C^H^NO^) 
producing  Hippuric  acid  (C^gHgNOj  -f-  2H0.  Kiihne  and  Hallwachs, 
nowever,  maintain  that  the  conversion  occurs  in  the  blood,  and  Meissner  and 


1  Centralblatt,  Noa.  43  and  44,  18G6 

«  See  Matschcraky,  Virchow's  Archiv,  1863,  p.  628. 
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Sliepard  at  the  ]iMlney.^Kreattn  and  Kreatlnm  ma)*  be  obtained  by  lb 
aelion  of  Chloride  of  Zinc  on  concentrated  arioc:  but  tbe  researches  iif 
Heintz^  ha^-e  shown  that  no  Kreatin  h  present  in  fresh  urine,  tlial  wbiA 
wuH  formerly  obtained  being  in  fact  produced  bj  the  dccompii^itJon  of  ^ 
Chloride  of  Zinc  compound,  the  Kreatlnm  of  which  take*  up  water  and  i* 
converted  into  Kreatin.''  Tbe  ijunntity  of  Kreatinin  daily  elitninated  bf  t 
healthy  man,  living  on  a  good  mixed  diet,  wa^  found  by  Nenbauer  to  van 
froni  9  to  20  grains.  The  maximum  quantity  ii  excreted  on  a  flesh,  tk 
minimum  on  a  farinaceous  diet  (Meisaner,  Voit),  In  dogs  exertion  cau-ws 
110  increase.  Kreatinin  is  the  mmt  powerful  organic  base  in  the  bjdr 
Kreatin  can  be  converted  by  boiling  with  Baryta  water  into  SarcosiQ  and 
Urea/ — When  ingested  with  the  fo^Kl  it  is  either  eliminatetl  unchanged,  or 
It  i»  partially  converted  into  Kreatinin.*  The  coloring  nmttep?  t^f  the  orin< 
apijear  to  be  derivatives  of  the  biliary  acids,  and  not  of  the  h\\  ling 

ma  1 1  e  rs5 ,  si  n  ce  Bogomol  oW^  an  d  Hey  n  si  us  a  n  d  Ca  ui  pl^ie  J 1  *  foo  u  d  i  e  j  ho 

of  the  biliary  aeitls  into  the  blood  increased  theijuantity  of  urinary  ix«Urm;' 
matter,  whilst  injection  of  biliary  pigmenlJi  was  without  effeot.  Maski^,  au'l 
Vanlair'  tliougbt  tliey  proceedefi  from  tbe  coloring  ruattt^r  of  th*-^  bile  wbkh 
underwent  eonvers^ion  in  tbe  intestines  into  sterrobiliu,  aurl  was?  panialij 
excreted  in  the  fieees  and  partially  eliminated  by  the  kidneys.  Jiiir<*'' ivjn- 
sidered  etereobiliu  ti>  be  identical  with  urobilin,  einccj  the  absorption  slnaa  uf 
its  solmiona  k  the  same  and  it  gives  the  eame  beautiful  green  fluorcBieeDoe 
with  cidoride  of  zinc.  Maly'  ubtniued  from  the  intestines  a  snbstamie  lo 
which  be  has  applied  the  term  Hydrobilirubin,  which  be  coni*idera  to  be  i 
derivative  of  eliolepyrrhiup  and  to  undergo  partial  aljsorptiouJ*^  They  io»f 
all  be  regardeii  m  moditicaticjne  of  one  substance,  nmbilin^  which  givi*  i 
yellow  or  ro^  color  ilichroiKiag  into  piuk  with  miueral  acid**,  and  prt^ute 
an  absorptiiju  stria  between  b  and  F."  These  bodies,  as  was  also  notice*!  br 
Carter^'^  present  close  analogies  to  the  series  of  compounds  of  which  InditAD 
forms  the  first  member,  and  a  blue  coloring  matter  is  sometimes  gimrmi«^i 
in  disease.  The  Extractives  of  tbe  uriuo  contain  cousulerable  propnrtiaiii 
of  earbou,  whilst  they  are  poor  in  nitrogen  \  so  that  their  inereiifip  will  be 
favored  by  an  excess  of  carbonaceous  food^  an  imperfect  action  of  the  livtf* 
and  a  low  degree  of  respiration  ;  whilst  on  the  other  hand,  a  highly  mniiii^ 
dieti  especially  if  combined  with  active  exercise,  will  tend  to  their  rrdurtiofL 
— The  odor  of  the  urine  appears  to  be  due  to  the  pretence  of  minute  cfuaiiti- 
ties  of  the  volatile  acids,  termeti  by  Stadeler  Pbenylic  (or  Carbolic,  C„Hj<>,« 
HO),  Taurylie  (C^^Hp^),  I^imaluric  (CijHi^O^»HO),  and  Damolic.  the  eom- 
position  of  which  last  is  unknown. 

413.  The  deternji  nation  of  tbe  mode  and  place  of  origin  of  the  uriaary 
constituents,  and  especially  of  the  urea  and  uric  acid,  are  pjiut^  of  coafeLidcr- 
able  interest.     The  solution  of  this  quastion,  huwever,  demands  great  «kill 


*  Viignl  iind  Nr'ubnijiT,  l>ii  thp  Urine,  Npw  Syd.  Sue   TmnsL,  1S6S^  p.  18. 
=*  Kr4>iitinirj  C^U^NjO,  +  4110  bwt^miug  ErpatiD  C^RnN^tV 
■  Kreutiii  C\U„Nj(>^j  UK^nmiitj^  Ureii  CjH<N,0,  und  Siitcysia  CgH^NO^. 

*  MdMnpf,  CinjtrttlbliUt,  IHRH,  p.  275. 
»  BnL'oniuloff,  Cenlndblnil  (.  d.  Med.  Wias.,  18T5,  p  210. 

*  Pfliigor's  Arcliiv,  IJd.  \\\  p.  497. 
7  CfiiUrftlblatt,  f.  d.  Med.  Wi«.,  1871,  p   Zm. 
«  Idem.  1871,  p.  Am  •  Iilern,  1871,  p.  85K 

>'  So©  iiko  ScUuruk,  FrcHjend,  of  Roy.  8odoty,  1867,  val.  ivi,  p.  73. 

^^  Thud ii'bii til,  Ch«m»oid  Physiology,  l872/p.  187,  ifive*  din*ctififiN  for  nbtuSoinf 
XJroch  rr*  m ,  V  torn  el  h  n  t  n ,  Lf  ro  jii  tti  r* »  O  ii>  i  c  h  f  d  e  i  n  ^  U  rn  1 1!  bu  M  c?  nci  d  p  a  n  d  S  ati  Ih  i  n ,  «  Hieli 
liiit  SehL*r*^r  iind  Nt-ubiiucr  nl^fj  con^idf^rod  tn  bc^  pn^sent  in  tbo  urine. 

^*  Memoirs  nf  MiinchHst(*r  Mi-d-  Sue,  vol.  xiv,  p.  2^^,  8i*c  nUo  KictviiiAkft  IW* 
ler^»  Archiv,  vol.  vi,  p,  414  ;  und  Thudicbum,  Brit.  M«d*  Joura.,  Nov*  ftt^,  IWi 
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in  chemical  analysis,  and  the  evidence  is  at  present  in  an  extremely  unsatis- 
factory state.  As  regards  the  mode  of  origin  of  urea,  its  composition  shows 
clearly  that  it  proceeds  from  the  disintegration  of  the  albuminous  or  nitro- 
genous constituents  of  the  tissues  and  blood.  It  was  at  one  time  consid- 
ered that  it  was  generated  entirely  at  the  exi>ense  of  the  muscular  tissue ; 
but  OS  no  one  has  yet  succeeded  in  extracting  urea  from  muscle,  and  as 
muscular  exertion,  even  when  violent  and  protracted,  causes  little  or  no 
increase  in  the  amount  eliminateil,  and  as  the  substances  that  we  know  result 
from  the  disintegration  of  muscular  tissue,  as  kreatin  and  kreatinin,  are  either 
Dot  at  all,  or  not  easily,  converted  into  urea,  and  even  when  ingested  are 
eliminated  unchanged,  without  causing  any  augmentation  in  the  amount  of 
urea,  whilst  a  large  increase  quickly  follows  the  ingestion  of  nitrogenous  food 
when  the  body  is  at  rest,  there  seem  to  be  good  grounds  for  admitting  that 
only  a  portion  of  the  urea  discharged  can  proceed  from  that  disintegration 
to  nvhicn  the  muscles,  in  common  with  all  other  animal  structures  of  high 
organization,  are  liable,  and  that  another  and  much  larger  portion  is  derived 
from  the  decomposition  and  disintegration  of  the  albuminous  com])oundij  that 
are  constantly  being  consumed  in  maintaining  the  activity  of  the  great  gland- 
ular and  cellular  organs  of  the  body,^  the  ultimate  results  of  the  oxidation 
— urea,  carbonic  acid,  and  water — being  the  same.  The  question  of  the 
p/a6f  of  origin  of  the  urea  is  still  more  difficult  to  answer.  Up  to  a  very 
recent  period  it  was  universally  held  that  the  kidneys  constituted  a  kind  of 
filter  by  which  certain  products  of  the  disintegration  of  the  tissues  were 
separated  from  the  bloo<i  and  discharged  from  the  body.  M.  Picard*s  experi- 
ments, which  showed  that  urea  is  uniformly  present  in  the  blood  (2-4  parts 
in  10,000),  and  in  larger  proportion  in  the  renal  arterial  than  in  venous 
blood,  and  those  of  Gr^hant,'  showing  that  after  ligature  of  the  ureters  the 
amount  of  urea  in  renal  venous  blood  becomes  exactly  equal  to  that  in  renal 
arterial  blood,  have  been  commonly  referred  to  in  support  of  this  view,  the 
small  quantity  present  being  attributed  to  the  care  with  which  the  system 
was  freed  from  this  excretory  product.  Lately,  however,  an  attempt  has 
been  made  to  prove  that  urea  is  formed  from  the  secondary  products  of  the 
disintegration  of  the  tissues,  such  as  kreatin,  kreatinin,  uric  acid,  hypoxan- 
thin,  and  taurin,  in  and  by  the  kidney  itself,  upon  the  following  grounds:' 
First,  that  extirpation  of  the  kidneys  is  followed  by  only  a  trifling  increase 
in  the  proportion  of  urea  present  in  the  blood,  though  the  proportion  of 
kreatin  and  other  lower  stages  of  the  oxidation  of  nitrogenous  compounds  is 
augraente<l  both  in  the  blood  and  muscles;  secondly,  that  aflor  ligature  of  the 
ureters,  the  renal  organs  remaining  intact,  there  is  considerable  increase  in 
the  amount  of  urea  contained  in  the  blood;  thirdly,  that  the  ingestion  of 
kreatin  with  the  food  produces  an  increase  of  the  excretion  of  kreatinin  and 
urea;  fourthly,  that  on  rubbing  down  kreatin  with  the  sub:*tance  of  the 
kidney,  it  is  rapidly  converted  into  urea;  and  lastly,  that  there  is  reason  for 
believing  that  the  cells  covering  the  glomeruli  exercise  a  secreting  function, 

*  On  this  viow  the  **  hixus  consumption"  of  Voit  and  others,  which  was  considored 
to  conMst  in  the  oj[idiition  of  the  nitrogenous  constituents  of  the  food  in  the  blood 
previous  to  their  conversion  into  tissue,  has  no  existence. 

'  See  abstract  of  Memoir  in  Humphry  and  Turner's  Journal  of  Anat.  and  Phys., 
1871,  p.  21G. 

»  See  Munk,  Deutf«cho  Klinik,  1802,  p.  299;  Oppler,  Virchow's  Archiv,  18G1,  Bd. 
xxi,  p.  2^lO;  Subbotin,  Henle  and  Meissner's  Zeitschrift,  Bd.  xxviii,  1800,  p.  114; 
and  Zolef.ky,  t- ntcrsuchunjijen  iiber  den  Ura^mischen  Process.  Schultzcn  and  Nencki 
(Zeitfl.  f.  Biologie,  1872,  Bd.  vii,  p.  124)  believe  that  8(»me  of  the  intermediate  staarca 
between  Albumen  and  Urea  are  represented  by  Glycol,  Leucin,  and  Tvrosin.  But 
KSs'^ner  has  clearly  shown  that  Tyrosin  cannot  be  regarded  as  an  antecedent  of  Urea 
(Centralblatt,  1875,  p.  210). 
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and  arc  not  merely  adapted  for  the  eliminalion  of  wat*-r  w^m  ^  i 

meroli  are  ahumkutly  distributed  through  the  kifJneys  of  i.  ariuefrf 

whii*h  auimald  h  semisolid »  whilst  it  U  impossible  to  obtain  m  irace  <>f  <iri< 
acid  friira  ihdr  blood,  Now^  in  opposition  to  ^mic  of  these  fit:*t.  jn. n;  %n 
t  he  0  bse  r  v  a  t  i  o  n  &  o  f  G.  Meissn  er ,  *  who,  by  an  a  I  y  zing;  I  it  rgre  q  u  a  n  ■  *A 

obtained  unmistakable  evideoce  of  the  prescnfe  of  uric  acid  h.  ;...*i  ..;  ik 
tird  (goose),  and  shows  by  calculation  that  it  is  possible  for  all  ihe  urictdd 
excreteii  by  the  animal  to  have  been  gepa rated  from  the  blixwl  paKS^ini*  ihrmirfi  i 
the  kidney  in  a  given  time.     In  the  course  of  his  experiments,  iMei^^ner  fooud  | 
io  much  uric  acid  m  the  liver,  and  so  little  in  other  organs,  that  he  cameto  ' 
the  conclusion  that  the  liver  was  the  seat  of  il^  formation  in  bird*/    Oa  €i* 
tending  his  researches  to  mammals,  he  found  that  here  al&r>  the  liver  pre^oied 
on  chenrical  analysis  a  larger  propirtion  of  the  eissential  utinarr  ^♦nslitofot  I 
urt-Hi  than  any  other  oi^an.     Hence  he  c«>nelude8  that  it  i  from  tbf 

dt&inlegnition  of  the  luemoglobiu  of  elfete  blood-corpuneh  -  u,  giro^J 

gen,  and  biliary  coloring  matter ;  and  adduces  patholoL'ical  cvkleocw  de-l 
rh^ed  from  the  observations  of  Freriehs,  Stadeler,  and  Harley,  to  lh«  ed'^xtl 
that  in  acute  and  chronic  atrophy  of  the  liver  it  is  either  greatlv  dimiiiithfi 
or  wholly  absc^nl,     Heynsins  further  adduced  in  support  of  thLn  vitw  ibe 
fact  that  more  urea  can  Ije  obtained  fn>m  a  liver  which  has  htHfO  ivnu/tt^ 
from  the  hoiiy  for  some  honm  and  kept  at  a  tein|>erature  of  104*  K  thiiii 
from  a  fresh  one,  and  Cyon*  maintained  that  the  blo(><1  which  whj*  p«**^ 
through  the  liver  of  a  living  animal  is  richer  in  urea  after  m  \mx^ff^  than 
b^hnt.     These  statements  have,  however,  iH'cn  again  c*alk*<i  in  qtit^tiuu  b?  ] 
Gsc'heidlen  in  an  elaborate  essay*  npou  the  subject,  and  hisexp' 
led  hini  to  the  conclusion  tluit  no  .single  organ  can  be  lixeil  u 
fiively  pniducing  urea,  but  that  it  i^  formed  in  the  sy«tetu  geutrull),     li  a 
remarkable  that  though  it  can  be  detectetl  in  the  blooil,  liver,  j^ph^n.  kiii-j 
ncy 5,  b  ra  i  n ,  a  n  d  eye,  i  t  d  oes  n  o  t  a  p  pea  r  to  be  p  rejR'  n  t  i  n  t he  tn  use  1  es.    ( *  r^^iaa t*  i 
fin t Is  that  after  extirpation  of  the  kidneys,  the  amouiit  of  uri.^  in  the  hWil 
undergoes  progre-^^ive  Increase,  proportionate  in  fact  to  the  >  ihal 

would  have  been  excreted  had  the  kiilneys  been  in  action  ;  he  ti  ^hhX 

after  ligature  of  both  ureters  the  same  accumnlation  of  urea  take»  placet 
and  that  the  renal  venous  blood,  contrary  to  Picard^s  statement,  iHiotainf 
less  urea  than  renal  arterial  blood,  whilst  after  ligature  of  both  urctciH  ihe 
proportion  of  urea  in  the  arterial  and  renal  venous  blood  is  equiiL  Tljejte 
eeems  therefore  to  be  good  reason  for  believing  that  the  urea  is  simplv^^- 
creted  by  and  not  formed  in  the  kidneys.'  In  reference  to  thr  ongia  4 
urea  from  k real i n,  Meissner  states,  in  opposition  to  Munk/  that  he  has  found 
no  increase  in  the  amount  of  urea  when  kreatin  orkreatinin  Wf  i  ulli 

the  food,  or  otherwise  introduced  into  the  blood.     In  all  instan.  ib* 

stanceij  were  discharged  either  unaltered,  or  merely  with  eonveri^iou  *iJ  »tUDl 
of  the  kr€*atin  into  kreatinin,     Yoit*  also  declarer  himself  oppr>scd  l*s  \b»  I 
view  that  the  fonnation  of  urea  occui^  at  the  kidneys,  except  in  mhri 


^  Contralblfttt,  1868,  pp.  226  und  275,  * 

■  PnwUnoff  (ContrflVbliiit,  1873,  p.  21  h  hii*  witisflod  hiowelf  thm  uric  leid  ii  «•* 
formiid  in  biH  orily  <5ierele(J  by  ibe  kiildi'^^. 

»  ContriiUibttt,  1870,  p  580.  For  u  c^r^od  Hmm^  of  ntl  Ibis  dlsott^ion,  ten  INiflci'i 
Lecttirof,  in  the  Limcet,  187),  vul,  i.  p.  467, 

*  S*c*  HbstniL'i  (iP  his  miMii^nr  in  C*iJitfii1l>ljili|  1871,  p  630. 

*  CenlnilblnU,  1870,  p.  249. 

•  8e©  ihe  corrobonitiv**  ejtpeniuenta  nf  Eofen^tdn.  CentmlbljitU  t87l,  p  131} 
FHkk,  Virt-ho^^a  Arcbiv,  Hil,  kiii,  1871,  |>.  2B2;  0*^4N»if|lHti,  Slwdlen  iibif  J* 
Ui"i|'runij  dt'S  HitrnsUpfli  im  Tliif*rk6rp<3r|  Leipzig,  187  L 

T  DfUls*.ho  Klinik,  l84Jil,  p.  200, 

•  C«atrtilbtHtt,  1668,  p.  468, 
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thai  It  ma  J  take  place  to  some  slight  extent  from  a  conversion  of  kreatin  ; 
though  svhen  lhij<  was  given  with  ibod  it  was  eliminated  partly  unehan^ 
anfl  partly  converted  into  kreatinin.  He  ftmnd  an  increase  in  the  quantity 
of  urea  in  the  h\<Kyd,  ami  abo  discovered  it  in  the  muscles,  Ixyth  after  extir- 
pation of  the  kidneys  and  after  ligature  of  the  ureters:  the  amount  being 
mrger  in  propttrtion  to  the  lateness  of  the  periwl  at  which  death  occurred, 
and  on  that  a  ceo  it  ut  it  was  smaller  in  amount  after  ablation  of  the  kidneys. 
In  one  inHtaneet  after  extirpation  had  been  performed,  he  collected  the  whole 
of  the  TOtained  urea,  and  obtained  5.3  grammes,  whilst  if  the  animal  had 
been  al lowed  to  live,  he  would  have  elinunated  5.8  grammes  in  the  same 
ipaec  nf  ri-ne.  There  i^n^  certainly  no  increase  of  kreatin  after  either  extir- 
pation or  ligature.  The  re,s pi  ration  of  oxygen  diminishes  the  quantity  of 
urea  in  the  urinCj*  notwithstanding  that  itaugmenti*  the  activity  of  the  coiii- 
hustive  proce^-ses,  and  might  therefore  be  expected  to  increase  It,  A  f>o6^i- 
ble  explanation  m  that  it  probably  lead,s  to  the  combustion  of  the  nrea  it^lf 
and  \U  conversion  into  carbonic  acid,  ammonia,  and  water.  The  non- 
increa>4e  of  urea  in  the  urine  when  violent  exertion  is  made  is,  perbap#,  ex* 
plic-fible  on  the  i«amc  view.  On  the  whole,  the  results  of  recent  researches 
seem  to  i^how  that  urea  is  formed  in  the  lin^sueJi  generally,  iticlnding  the  renal, 
and  with  the  exception  perhaps  of  the  mu!*cular,  and  that  thu:^  entering  the 
blmnl  from  many  quartets,  it  is  filtered  off  by  the  kidneys,  the  secreting  cells 
of  which  have  a  special  affinity  for  it 

414,  Besides?  its  organic  materials,  the  nrine  contains  a  considerable  amount 
of  *Stiihie  matter;  the  excretion  of  which,  in  a  state  of  solution,  appears  to  be 
one  of  the  principal  offices  of  the  kidney.  Various  saline  compounds  are 
being  contintially  introduced  with  the  food  ;  and  others  are  formed  within  the 
system,  by  the  oxidation  of  the  sulphur  and  phosphorus  of  the  tissues  or  of 
thefoodjand  by  the  combination  of  the  sulphuric  and  phiisphoric  acids  thus 
formed,  with  alkaline  and  eurthy  bases  which  the  food  may  contain,  usually 
ill  a  ^tate  of  combination  with  weaker  acids  which  are  otherwise  disposed  of. 
Thus  the  saline  compounds  flnmd  in  the  urine  are  to  be  regarded  as  partly 
proceeiling  from  the  retrograde  metamorphosis  of  the  materials  of  the  tissues, 
after  these  have  served  their  jnirp<3se  in  the  economy,  and  partly  from  that 
of  such  components  of  the  food  as,  being  superfluous,  do  not  undergo  organiza- 
tion. But  the  kidney  also  serves  m  the  channel  for  the  elimination  of  saline 
compounds  introduced  into  the  system  perse;  these  being  sometimes  normally 
pre^nt  In  the  body,  but  ingested  in  too  large  an  amount,  as  is  otten  the  case 
with  common  salt ;  whilst,  on  the  other  hand,  they  may  be  altogether  foreign 
to  t  h  e  e(y  m  pos  1 1  i  o  n  a  1 1  k  e  of  i  ts  sol  i  ds  a nd  i  ts  ti  u  i  tl  s,  — T  li  e  j4  fka  iin  e  Sti  Iphatm 
usually  consttitute,  as  we  have  seen  (§  410n  at  least  10  per  cent  of  the  whole 
solid  jnattL^r  of  the  urine.  Being  always  in  solution,  however,  they  never 
make  their  presence  known  by  the  formation  of  Bediment«,  and  are  only  to 
be  detected  by  chemical  tests.  The  causes  which  influence  their  aniounfc 
have  been  carefully  studied  by  Dr.  Bence  Jones;  who  ha.s  shown  that  they 
vary  (like  urea)  with  the  amonnt  of  food  ingested,  and  with  the  degree  of 
nervo-rauscnlar  activity  put  forth;  as  might  be  antlcipateil  from  the  fact,  that, 
under  ordinary  circunislauces,  the  sulphuric  acid  is  entirely  formed  within  the 
system,  by  the  oxidation  of  the  sulphur  of  the  protein -com  pounds,  the  bases 
being  furnished  by  the  alkaline  carbonates  or  phosphates  of  the  blood.  A 
portion  of  the  sulphur  is,  however,  eliminated  ny  the  bowels  in  the  form  of 
tanrin.  I  a  Mr.  Weston's  case  the  average  excretion  of  sul  phuric  acid  for  five 
days  before  his  long  walk  of  317^  miles  in  five  days  was  S8.37  grains,  for  the 
£ve  days  of  the  walk  53.50  grains^  and  for  the  five  days  after  the  walk  4B.02 

«  Ritter,  Revue  ikieniif.,  1872,  p.  &1, 
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grains.     In  regard  to  the  eftccU  of  exercise  on  the  excretion  of  avuh  bttb  I 
urinfi,  Kliipfel^  found  lliat  it  was  auf^niented  to  ihe  extent  of  41.8  }N*f  owitj 
by  exercfj^^  whilst  8awir.'kP  obtained  only  variable  iind  chiefly  nvminvt 
BiilUi     Wheu  Rilphurie  aeid  or  soluble  sulphates  iire  taken  into  ih^»T«ii«nil 
per  sej  they  partly  find  their  way  out  of  it  by  the  kidneys;  the  propmi^m  tif 
iulphurie  acid  in  the  urine  being  fir  a  time  augmented,  altbougb  tht*  imtitu* 
la  not  considerable  until  some  h'iurs  have  elapsed  after  the  intrmltirti«jjn  »f 
thfeje  iubstances  into  the  stomach/    They  are  not  increased  n: 
genous  diet  by  exercise  (Parkes).     The  abi^olutc  amount  of 
varies  from  3.5  to  50  grains  per  diem. — ^The  amount  of  Afkulini:  i 
In  the  urine  h  usually  about  half  that  of  the  alkaline  sulphates.      ' 
of  lhes«  aliso  is  ordinarily  ifeneraled  within  the  B?y!-tem^  by  the  on 
the  phosphorus  originally  introduced  in  the  proteiu'Compiiund'^ : 
as  in  the  case  of  the  sulphates,  the  quantity  of  them  which  is  *■ 
urine  bears  a  certain  relation  to  the  amount  of  these  compoui 
food,  and  also  t<j  the  amount  of  muscular  tissue  which  has  tiip 

tegration  by  exercise.     But  it  further  apfjears  that  there  is  a  tp     , 

between  the  quantity  of  the  alkaline  phoi^phates  in  the  urine,  and  thr*  ammini  I 
of  d !  s  in  teg  ra  i  j  o  n  o  f  th  e  nervotiH  Urn  ue  ;  as  m  i  gh  X  h  a  ve  been  si  i  s|>ec  ted  * ' 
fact,  that  this  tissue  ii^  dietingui&hed  by  the  very  large  prti portion  ivi 
rus,  united  with  fatty  acif^  which  it  contains.     And  a  marked  in* o 
these  salts  is  obe^erved  in  those  inllanunatorj'  diseas^es  of  the  brain,  in  irhiclj 
there  is  reai*on  to  believe  that  an  unusually  rapid  dii^integrHtiun  i»f  JL^teTmn 
IS  taking  place/ — ^The  E(irth\f  Phmphattat  usuuUy  bear  but  a  huihII  |inif>irti»a 
to  the  Alkaline ;  but  their  prej^enct-  in  the  urine  comes  to  be  *^i 
tance  with  reference  to  the  precipitates  which  they  form  in  piis. 
tJong  of  that  secretion.     From  the  researches  of  Dr.  Bence  Jimi^  ^ : 
appear?,  that  the  tjuftutity  of  these  phosphntes  iu  l!io  nrine  chiefly  v 
the  amount  of  them  contained  iu  the  food,  into  many  articled  of  v., 
enter  largely/  but  he  has  abo  aseertwineil  that  their  formation  v\ 
nvstem  i^  determined  by  the  pre^senee  of  their  hai?es:  for  if  atiy  t^artby  ^Ky 
little  cbloride  of  calcium  or  sulphate  of  mugncsla  for  iuBtanee,  br*  liikea  in(* 
the  system,  the  quantity  of  earthy  phosphates  in  the  urine  uuderjjiH*  au  m* 
erea&e.    The  small  quantity  of  carbonate  of  lime  taken  into  the  Kyjth'tu  walhj 
the  food,  or  set  free  by  the  slow  disintegration  of  the  osseous  tii^oe,  is*  prfi^**^ 
bly  excreted  in  Man  almost  entirely  in  the  form  of  phosphate ;  although  af  tli 
much  larger  amount  ingested  by  herbivorous  aninmls,  a  C4>tjsidenib1t*  prop»«^j 
tiim  is  excreted  in  the  urine  in  its  original  state.     The  Earthy  Pho«plmt«9|J 
although  insoluble  in  water,  are  soluble  in  all  acid  liquids;  ami  they  are  WW 
in  solution  in  Urine,  like  the  urates,  by  the  acid  phoHphalc  4*f  s^wla,    Thrifl 
precipitation  in  an  alkaline  state  of  the  urine  is  owing  to  the  want  of  thiij 


^  Hnppe-^eyler'i  Chem.  Unter*.,  18G8,  Heft  t. 

3  Pflugpr's  Arcbiv,  Btl.  v,  p.  28 1. 

'  Dr.  Bt*ncf*  Jone*  in  Fhil^f^opliicHl  TrRn?«rl(onp,  1849. 

*  Se^  Dr.  Bt^ncp  Jnn*?i*s  vnhoime  series  of  Pupur*  m  tho  PbtlosQphicnl  Tram 
for  1^45,  1847,  watl  IBCiO,  ami  m  th^  Me<)k't*-Chifurgicnl  TrHniMi4.'ti*»u*  for  \%%\ 
iHi'iO;  hlso  Byn^^on,  Op,  (.^it*  p.  612*     It  is  etirtnus  U*  ♦■bsurvw,  llmt  wliiUt 
crcnsn  in  the  nlknline  pbospbrttes  m  Inflammnt'iry  iiffoetions  r*f  thv  rK^rvfiui 
k  very  mHrktd,  tlit^re  wppc'iirs  to  Xm  ifc  pt*B'uivH  Ji/rUriution  of  tKcm  in  DHinaro  .     , 
myrts,     A  cn^rtnin  ullowiinri>  muH  bo  matb,  however,  for  \\w  Hbiliiu»tn:i?  fn^iu  fwA 
wbieh  will  of  iuelf  o<*civ^iori  a  pi^dtKHion  in  theqnnntity  ejct-riiU'd. 

*  Tbo  PupcrHrtenU  of  Neub»ur  (JtKirniil  f.  pn*et,  Chem.^  \%t^i\^  p.  96  ■.  pJ^ 
Soy It^p ,  M  ed .  C to?m .   L"  n t e r^^u eh.,  M  eft  3 ,  1 8fi 9 ) ,  ii nd  St* bo ro  w  ( Vr  \ 
Mfd.  Wi^i,,  187-'i  p*  60f>)  all  show  that  wbm  tnkfin  in  excosa  ib*t  - 
very  rnpidlj  iind  completely  diminated  by  Iho  urini^j  tbo  wbole  h^h\L               .  4  it 
the  eour£(»  of  ii  few  houra.  ' 
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solvent,  not  lo  an  excels  in  Iheir  production;  for,  as  Dr,  Benc6  Jones  has 
]K)int4f<i  out,  that  exce^a  of  alkaline  and  earthy  phosphates  iu  the  urine  whk'h 
rongikiJies  the  true  "  phosphatic  diatbesK"  h  genemlly  coincident  with  a 
highly  add  slate  of  the  uriue.  In  Mr.  Weston's  <mm  before  alluded  to  tlie 
average  exeretion  of  the  phosphoric  acid  was  50.14  grains  per  tliem  for  tlis 
five  days  before  the  walk,  for  the  five  daya  of  the  walk  76.63  grains,  and  for 
the  five  days  after  the  walk  d^.^9  grains.  The  excretion  of  phosphoric  acid 
13  not  increased  by  exercise  on  a  non-nitrogenous  diet  (Parkes).  The  abso- 
Inte  amount  excreted  per  diem  on  a  mixed  diet  varies  from  54  to  78  grains 
(CTenth). — ^The  only  other  inoi:pinic  saline  constituent  of  the  Urine,  whose 
c^uantity  gives  it  importauce^  is  Chloride  of  Sodium.  By  tar  the  larger 
pro|>ortion  of  this  is  doubtle^  derived  directly  from  the  food  ;  but  little  being 
furnished  by  the  disintegration  of  muscle,  which  will  set  free  potash  rather 
than  smia.  The  amount  eliminated  by  the  urine  is  consequently  subject  to 
great  variation,  it  being  the  function  of  the  Kidneys  to  remove  whatever  is 
BUiiertluou^,  so  as  to  prevent  the  blood  from  becoming  overcharged  with  this 
suWance.  In  Rankers  experiments  on  his  own  f)erson,  the  quantity  dis- 
ehargefl  varied  fnmi  75  to  521^  grains  daily  ;  ordinarily  it  varies  from  200  to 
3oO  gnuns.  Of  the  chloride  of  sodintn  inirodueed  as  f<K>d,  a  part  a|>pears  to 
undergo  decomposition  lu  the  system,  wlierehy  hydrochloric  acid  is  furniBhed 
to  the  ga&tric  fluid,  and  soda  to  the  liile ;  much  of  this  acid,  however,  must 
reunite  with  its  base  in  the  alimentary  canal,  so  that  the  chloride  of  sodium 
thus  regenerated  will  be  absorbed  with  the  products  of  the  digestive  opera- 
tion. Its  quantity  is  increased  by  muscular  exertion  (Byassou).  Dr.  Flint 
found  the  average  amount  dail_v  excreted  during  five  days  in  the  person  of 
Mr.  Weston  to  be  159.45  grains  tor  5  days  previous  to  a  walk  of  317^  miles. 
During  the  walk  the  average  was  65,08  grains,  and  during  the  five  days  after 
the  walk  312.40  gniins  per  diem.  The  quantity  is  dc^creased  on  a  non-nitro- 
gen ous  d  iet  (  Pa  rk  es ) .  1 1  is  ra  uch  d  i  m  i  n  is  h  ed  a  f te  r  p  r of u  se  s wea  ti  ng  ( Ra  n  ke)^ 
— Although  Nitrk  Acid  can  scarcely  be  regarded  as  a  normal  constituent  of 
the  Urine,  yet  the  investigations  of  Dr*  Beuce  Jones*  appear  to  show  that  it 
is  formed  by  a  combustive  process  within  the  body,  whenever  ammoniacal 
salv^  are  introduced  into  the  system ;  its  amount,  however,  being  very  small. 
He  has  also  found  that  it  is  generated  after  the  ingestion  of  small  quantities 
of  urea ;  a  fact  wliieh  affords  some  confirmation  to  the  doctrine  of  Frerichs, 
that  urea  may  undergo  decomposition  into  carbonate  of  ammonia,  whilst  still 
eireulaling  in  the  current  of  blood. — The  presence  of  Oxalic  Add  in  the  urine 
(in  cpmbrnation  with  Lime)  has  been  usually  regarded  as  a  pathological 
phenomenon,  consequent  upon  an  irregular  performance  of  the  retrograde 
metamorphosis  of  the  tissues ;  but  there  can  be  no  doubt  that  it  may  also 
result  from  the  presence  of  soluble  salts  of  oxalic  acid  in  certain  articles  of 
vegetable  foo<i*— The  Gases  found  in  the  Urine  have  been  examined  by 
Planer*  and  Bernard,*  Planer  found  in  one  instance  7,  and  in  another  16 
per  eei3L  of  ga».  The  following  Table  gives  the  percentage  composition  of 
the  gases  ubtattied : 


»  Pbil&MiphJertl  Traniftctiim*,  185K— It  is  right  to  state,  however^  that  this  doctrina 
ba»  been  called  in  question  by  some  em  in  on  I  Muthoritte*,  who  deny  the  vnhdily  of  the 
y^i  for  nitric  Bcid  empl<>yed  by  Dr,  Beneo  Jones. 

*  See  Dr.  Goldvng  Bird  on  Urinarj  Deposita. 

>  V,  Gorup-Beeariez,  Pby^ii^log.  Cheoj.,  1862,  p.  62$* 

*  l^p^onf,  rot  i^  J  80S,  p^  347. 
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U  too  pftris  of  Vrim  tl  t2^  F.  in4  SO  lu.  Bar. 

Ftoi««Dt4g«compoMCioy«4«licGfl«  1 

Kiirogsn,  ,     ,     , 

0.820 
0  04S 
4.729  > 
8.066  j 

PUner. 

iilWl 

15.2 
0.5 

84.2 

0.5 

tt6l 

Oxygt?n,     .     , 

Carbonic  acid  free, .     ,    .    ,     ,    \ 
"         **    eomblnecli,    *    ,    J 

7^> 

100 

fOO 

100 

About  oQe-third  of  the  earboiaic  aeid  waa  oombitiedp  the  remaiDiiig  no- 
thirds  were  free. 

415,  The  ordinary  acid  reaciioo  of  the  Urine  appears  to  he  dae,  not  In 
the  presence  of  any  free  acid,  but  to  the  coovemon  of  the  Wfc  phii*|iK»t» 
of  ift<3da  into  the  aeid  phoi^phaie,  by  the  subtraction  of  a  part  of  the  bti^t 
which  occurs  when  uric,  hippuric,  lactic,  or  otlier  free  acids  corae  ir»ti>  timt»e* 
with  the  former  suhstauce.  There  Is  no  adtTpuile  rea^Mju  to  1^  ■ 
the  bt-althy  state,  there  i^  ever  any  other  causae  thau  this;  altbo 
urine,  free  organic  acids  arc  atinW  cermiuly  present  J  It  h;i 
by  the  researchesi  of  Dr  Bence  Jone#/ with  whtji^e  oh^ervat; 
Rohertfi^  and  Bruutou*  generally  agree,  that  the  acid  reacti<m  b  fur  f« 
beiiig  conitant  in  it^  degree,  even  when  an  ordinary  mixeti  diet  h  ^i 
employed;  for  that  it  varies  at  differtjut  periods  of  the  day,  incrt^sti 
decreai*iiig  ini'trstlif  tvith  the  a^uUhj  of  the  Mfmiach,  Thus  the  ai*idilv 
Urine  decrea?e&  soon  after  taking  food,  whilst  that  of  the  t>U»macb  iii  * 
ijig,  and  attain#i  its  lowest  limit  about  three  to  five  hours  after  a  meai 
therefore,  absorption  is  being  most  actively  performed.  An  alkaliu*'  n 
IB  often  obiervcHi  in  the  uriue  at  this  period,  which,  aceonilng  to  Dr.  R< 
\B  due  to  the  presence  of  fixed  alkali ;  this  occa-siims  a  |>recipi  tation  of 
phosphates,  rendering  the  urine  turbid j  though  the  quatuity  of  uric 
this  period  is  always  large*  The  acidity  then  gradually  inereiu*^ 
that  of  the  stomach  h  decreasing;  and  attains  its  highest  limit  aO«^r 
of  some  hours,  when  the  stomach  is  quite  empty,  and  its  secret! cm  m 
If  no  food  he  takeu,  the  acidity  does  not  decrease,  but  n^maius  at  urm 
eame  point  for  ten  or  twelve  hours.  When  nnimal  food  was  alone  ruj pi 
the  diminution  of  the  acidity  after  a  meal  was  more  marked  and  nmi 
longer  than  when  a  mixed  diet  was  eaten  (apparently  on  acc4mt*t 
greater  demand  for  add  in  the  stomach)  ;  and  the  acidity  did  not  ris**?  u 
nigh  aft^r  fasting,  a^  with  a  mixed  diet.  On  the  other  hand,  when  \\ 
was  purely  ve^dahk,  the  diminution  of  the  acidity  of  the  urine  wiu  never"] 
fiuch  as  to  render  it  absoktely  alkaline,  although  its  acidity  was  rwlueed  J*  ' 
the  point  of  neutrality;  and  the  increase  of  it^  acidity  after  fit^tbg  i«i 
gometiiue^  very  considerable,  though  by  no  means  so  marked  as  the  dt*rj«iie 
of  alkalejscence. — Thcsic  diurnal  variations  iu  the  acidity  of  the  urine  mtkt 
it  highly  probable,  that  correspnding  variations  ivecur  in  the  j|lk*iJ«tviMtr 
of  the  blood  ;  such  diurnal  variations  being  produced  by  the  quuntitvof&nti 
separated  from  it,  and  poured  into  the  stomach  for  the  purixuse  of  dimilvinf 
the  food-    The  introduction  of  dilute  sulphuric  acid  Into  the  stottittcb,  i?Tra 


1  See  Prof.  Lehmaan't  Fbytlologicml  Cbeoifstry  (Cairendt$b  So(*Ut7'««d,l9  r«l.  ii  j 
pp.  404^400. 

'  Pliihis,  Tninsuct,,  1849. 

*  ilefuoiri  of  M(in«sheiter  Phil.  Society^  1850.  *  DigUftlts,  p.  €t 
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in  large  doses,  was  not  found  to  produce  any  decided  change  in  the  acidity 
of  the  urine ;  the  only  perceptible  effect  being  a  slight  diminution  of  the  de- 
crease which  takes  place  after  taking  food,  and  a  slight  augmentation  of  the 
increase  after  fasting.  On  the  other  hand,  the  use  of  liquor  potassse  in  large 
doses  lessens  the  acidity  of  the  urine,  preventing  it  from  rising  after  fasting 
to  the  height  it  would  otherwise  attain,  and  increasing  its  alkalescence  after 
a  meal ;  but  it  does  not  render  the  urine  by  any  means  constantly  alkaline, 
nor  does  it  hinder  the  variations  produced  by  the  state  of  the  stomach  from 
being  very  evident.  Tartaric  acid  in  large  doses  temporarily  increases  the 
acidity  of  the  urine,  causing  it  to  rise  considerably  higher  than  usual  after  a 
fasty  but  not  preventing  that  which  is  passed  a  few  hours  after  food  from 
becoming  alkaline.  Tartrate  of  potash  in  large  doses,  on  the  other  hand, 
has  a  marked  effect  in  rendering  the  urine  alkalescent ;  still,  it  does  not  pre- 
vent the  usual  recurrence  of  the  acidity  some  hours  after  a  meal. — The  Urine 
of  Herbivorous  animals  is  almost  invariably  alkaline;  partly  because  their 
food  contains  a  large  quantity  of  alkaline  and  earthy  bases,  in  combination 
with  citric,  tartaric,  oxalic,  and  other  acids,  which  are  decomposed  within 
the  system ;  and  partly  because  the  amount  of  sulphuric  and  phosphoric 
acids,  generated  as  products  of  the  oxidation  of  the  elements  of  the  tissues 
or  of  the  surplus  food,  is  not  sufficient  to  neutralize  them.  Such  is  the  con- 
dition which  occasions  the  alkalinity  of  Human  Urine,  when  a  portion  of  the 
acid  which  would  otherwise  show  a  predominance  is  directed  into  another 
channel ;  and  it  is  exaggerated  in  those  states,  in  which,  either  from  the  irri- 
tating nature  of  the  food,  or  from  the  irritable  condition  of  the  stomach,  an 
undue  quantity  of  acid  is  poured  out  into  that  viscus;  so  that,  its  reaction 
being  habitually  acid,  that  of  the  urine  becomes  habitually  alkaline.  Such 
a  state  of  the  urine  must  be  carefully  distinguished,  as  Dr.  Bence  Jones  has 
pointed  out,^  from  that  in  which  the  alkalescence  is  due  to  the  presence  of 
volatile^  and  not  to  that  of  fired  alkali ;  the  difference  being  easily  recogniz- 
able by  the  influence  of  the  liquid  upon  reddened  litmus-paper,  for  the  res- 
toration of  its  blue  color  is  permanent  in  the  latter  case,  but  only  transitory 
in  the  former.  The  alkalescence  due  to  the  presence  of  volatile  alkali  is  due 
to  the  decomposition  of  urea,  whilst  the  uriue  is  yet  within  the  bladder, 
thrc»ugh  the  agency  of  morbid  secretions  of  tluit  viscus ;  and  it  disappears 
when  this  organ  returns  to  its  healthy  state.  On  the  other  hand,  the  alka- 
lescence from  fixed  alkali  proceeds  from  disordered  action  of  the  stomach, 
which  is  usually  connected  with  disorder  of  the  general  system ;  and  it  i)er- 
sists  until  this  can  be  remedied.  In  both  forms  of  alkalescence,  there  is  a 
precipitation  of  earthy  phosphates ;  but  in  the  alkalescence  from  fixed  alkali, 
the  precipitate  usually  consists  almost  entirely  of  phosphate  of  lime;  whilst 
in  that  from  volatile  alkali,  the  amorphous  sediment  of  phosphate  of  lime 
is  mingled  with  prismatic  crystals  of  tiie  phosphate  of  ammonia  and  mag- 
nesia. These  precipitates  may  be  obtained  from  healthy  urine,  by  adding  to 
it  a  solution  of  potash  or  of  ammonia ;  and  the  decom|K)sition  of  such  urine, 
which  begins  to  t^ke  place  very  soon  after  it  leaves  the  body,  gives  rise  to 
the  same  precipitation,  by  the  production  of  carbonate  of  ammonia  at  the 
expense  of  its  urea. 

416.  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  the  special  in- 
struments for  depurating  the  Blood  of  those  hujldy-azoiized  compounds, 
which  are  formed  in  the  system  by  the  decomposition  of  the  materials  of  the 
albuminous  and  gelatinous  tissues,  and  also  by  that  of  the  non-assimilated 
components  of  tKe  food.  We  have  seen  also,  that  they  serve  for  the  removal 
of  certain  excrementitious  compounds,  of  which  carbon  is  a  principal  in- 

1  Medical  Times,  Dec.  13th,  1861. 
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gretlient;  and  these,  although  normally  present  in  but  ?mall  amouitt.  may 
mid  ergo  n  marked  increase  in  dbease,  eapecialiy  wheu  the  liver  b  imofi- 
t'iently  performing  its  functions,  or  the  respiratory  process  is  oUtrtict<^. 
Further,  we  have  been  led  to  regard  the  Kidneys  as  the  einuuctory, noton^jr 
for  the  superHuous  water  of  the  blocKl,  but  also  for  Uiose  saliue  fompoiiiidi, 
iwhicb,  having  "been  mtrr^duced  into  the  system  or  generated  within  it,  hi 
larger  amount  than  is  compatible  with  the  normal  constitution  iif  the  bUni. 
or  than  is  required  for  the  reparation  of  the  solids  of  the  body,  or  for  lii« 
production  of  its  fluid  seereliona,  are  only  fitted  for  elimtnutioo.  On  tKin 
point  a  very  elaborate  series  of  researches  was  made  by  Wrihler,*  wl.  '  ' 
that  of  the  sohjble  salts  taken  into  the  circulation,  tho#e  nre  nvr 
excreted  which  produce  a  determination  of  blood  tonanis  the  kii 
whereby  an  increased  quantity  of  liquid  is  filtered  oiY  ih rough  the 
which  tbey  atford.  This  slateuient  is  to  be  extended  from  ^itline  rompotti 
to  such  other  soluble  matters  as  are  not  eliminated  by  f^referenee  tbfiiMJgb 
other  channels,  or  ai*e  pres^ent  in  too  large  an  amount  to  find  their  way  ^Mt 
thence  with  sufficient  rapidity,  as  8ugar  and  Lactic  acid.  In  like  mannrr, 
too,  the  system  makes  an  eflurt  to  free  iti^elf  (so  to  *peak  >  from  various  *yb- 
stauces  altogether  foreign  to  it,  which  have  been  Introduced  into  the  drm* 
latiug current  by  absorpti*^,  and  which  would  be  injurious  if  retained;  the 
rate  at  which  it  does  m,  being  in  a  great  degree  dependent  upon  the  fuao 
tional  uetlvity  of  the  Kidneys  (§§  22D,  221 ). 

417.  It  is  a  most  important  t^ct,  in  a  Dietetic  and  Therapeutic  point  nf 
view,  that  the  metamorphic  process,  of  which  the  greater  part  of  the  ctnijitit 
uent^  of  the  urine  are  the  prcMiucts,  i^hould  be  capable  of  retanlaliou  or  of 
acceleration  by  the  presenc^e  of  other  substances  in  the  blood.  The  fona^f 
apf>ears  to  be  the  operation  of  #Wn,  which  k  the  active  p  rind  pie  of  Tea  iin4 
Coifee.  From  various  experiments,*  it  appears  that  the  u-^e  of  the^-e  tub* 
stances,  by  retarding  the  **  waste**  of  the  system,  dimini^lh  i  f«»f 

foo<j,  and  makes  a  limited  amount  of  it  go  fnrther  ;*  and  tfii-  yaw 

fully  borne  out  by  experience.^^The  like  results  happen,  aoronlrng  lo  IH, 
Bocker,  under  the  tise  of  small  quantities  of  Alcohol  frequently  re|>t'attH| :  a» 
much  fLs  K3i  grammes  less  urea  being  excreted  daily,  when  a  tea^ptjoiiful  of 
proof  spirit  was  taken  seven  or  eight  times  a  day,  than  when  water  a1oo« 
wm  drank.  It  does  not  hence  follow,  however,  that  Alcohol  can  be  ined  u 
advantageously  for  this  purpose  as  Tea  or  Coflee;  in  fact*  it  nmy  be  donbted 
whether  it  is  so  much  by  diminishing  the  "waste"  of  matter,  ft»  by  i»teT* 
fering  with  the  due  elimination  of  its  products,  that  Alcohol  ociilmod*  a 
diminution  in  the  weight  of  the  urinary  solids.  For,  although  it  diwa  aM 
appear  to  effect  any  marked  diminution,  but  rather  an  increase  iu  ibeflim- 
inatiou  of  certain  tbrms  of  excrementitiuus  matter  which  have  tieen  rteeivcd 
back  into  the  blood,  and  especiaMy  of  the  hydrocarbopiiftHJUji  pn^docU 
(§  *ill,  vi ),  yet  very  cogent  evidence  its  supplied  by  the  experienre  uf /viuoti^ 
diseases,  that  the  very  mme  cause  prtiduces  an  accumulation  of  fennentfthl*' 
azotized  substances  in  the  blood  (§  71 ). — It  seems  not  unlikely  thai  th** 
almost  Inetinctive  craving  for  Tobacco  among  a  large  pniportioii  of  ttam* 


*  Stul liar's  Elements  of  Ph^slolocy*  trimBliit<>d  by  Bwly,  ri.  G89. 

*  Bocker,  Arcbiv  dcs  Vtireins  iiir  gem.  Art»dc  l&iir  FofU.  di^r  WW-  Hi'ilk.,  ISMi 
mid  JuliUi^  Lrehmnnn,  Aiinni.  tier  Clii;ni.  und  Phtirm.,  Btt.  tiiitvlii. 

*  Dr.  Ed.  Smith  (Pruci^cd.  of  K*>y.  Sixi,,  I8i»lj  found  Un'  decrpuft*  in  the  ^Umint^ 
tiim  I  if  urcm  alter  the  um  of  lea  {wliieh  hnd  ihe  grri^tost  cfoct)  iiad  coffee,  tc^  Im  but 
aliKKlly  marked  tirier  iht!  fir*t  dity  t*r  two. 

*  Voit,  frtjin  expcrim*?nlB  with  coffet*  on  n  rfr*j?,  was  ii»d  to  »  differ-' -  *»1 
coniidera  that  this  substance  possesses  but  little  influeoce  oa  tbe  cxi.  :?* 
Bee  Honle  und  Meia^iier,  Boricht,  1860^  p.  397. 
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kiDd,  arises  out  of  its  possession  of  a  power  of  retarding  the  metamorphosis 
df  the  tissues ;  since  we  find  that  meb,  when  supplied  with  this  article,  can 
hr  better  sustain  being  put  upon  a  short  allowance  of  food,  than  when  des- 
titute of  it. 

418.  Of  the  substances  that  accelerate  the  metamorphosis  of  the  tissues, 
tnd  thus  augment  the  solids  of  the  urine,  the  Alkalies  and  their  carbonates 
and  Chloride  of  Sodium  are  those  whose  action  is  best  known  ;  these  (with 
luch  of  their  salts  as  are  formed  by  acids  which  are  decomposed  in  the  blood 
into  the  carbonic,  such  as  the  acetates,  tartrates,  and  citrates)  have  a  solvent 
■ctioD  on  the  albuminous  compounds  ^nerally,  and  tend  to  break  up  these 
oompounds  into  simpler  forms  of  combination.  Hence  it  seems  likely  that 
their  presence  in  the  Blood  in  increased  amount,  will  tend  to  hasten  the 
retrograde  metamorphosis  of  the  tissues;  their  chemical  force  being  ex- 
erted, not  merely  upon  those  which  are  already  in  a  state  of  disintegration, 
bat  also  upon  those  which,  being  dis|K)sed  to  degenerate,  cannot  exercise 
that  resisting  power  which  they  possess  when  in  a  state  of  complete  vital 
activity.'  The  operation  of  Liquor  Potassse  in  health,  in  acute  rheumatism, 
and  in  chronic  diseases,  has  been  carefully  studied  by  Dr.  Parkes;'  and  he 
has  given  satisfactory  evidence  that  it  causes  an  increase  in  the  solids  of  the 
urine  generally,  but  especially  in  the  urea  and  in  the  amount  of  the  sulphuric 
and  phosphoric  acids  ;  thus  clearly  showing  that  it  hastens  the  metamorphosis 
of  surae  of  the  albuminous  structures  of  the  body.  Similar  results  were  ob- 
tained by  Dr.  Golding  Bird,'  from  the  employment  of  acetate  of  potash. — 
It  does  not  appear,  however,  that  the  excretion  of  the  urinary  solids  is  aug- 
mented by  those  '^diuretic"  medicines,  which  cause  a  larger  amount  of  liquid 
to  be  passed  off  through  the  Kidneys,  merely  by  determining  an  increased 
flow  of  blood  to  them.  On  the  contrary,  it  would  seem  as  if,  by  producing 
congestion  and  irritation,  they  sometimes  interfere  with  the  normal  process 
of  secretion;  so  that  the  quantity  of  solid  constituents  is  actually  decreased, 
notwithstanding  the  large  augmentation  in  the  watery  part  of  the  urine.^ 
This  very  important  fact  has  been  demonstrated  by  t^rof.  Krahmer,^  who 
gives  the  following  as  the  result  of  his  observations  upon  the  amounts  ex- 
creted in  24  hours,  after  the  administration  of  diuretics  to  persons  in  health: 

Total  .tolids.  OrKAiiic  Inorganic 

Medk-ine  given.  in  Urine.  Cunipouuds.  CumiK^unds. 

Nono 2.40  oz.  1.28  oz.  1.18  oz. 

Juni|>er 2.12  '*  0.94  "  1  18  " 

Venice  Turpentine,      .         .         .  1.94  **  1.11  «'  0  83  ** 

Squill, 2.2o  »•  1  04  '*  1  21  " 

DijjiUilis, 2.45  **  1.28  «'  1.17  " 

•          Guaiacum, 2.43  "  1.38  «»  1  Oo  " 

Coltliicum 2.32  "  1.36  "  0  90  " 

It  seems  highly  probable  that  the  "critical  evacuations"  of  urine,  as  of 
sweat,  or  fecal  matter,  on  which  the  older  physicians  were  accustomed  to  lay 
great  stress,  are  really  charged  with  noxious  sul)stances,  of  which  the  blood 
is  thus  depurated ;  and  that  great  benefit  would  frequently  arise  in  practice 
from  the  use  of  the  "alterative  diuretics,"  as  suggested  by  Dr.  G.  Bird, 
where  (as  in  chronic  rheumatism,  gout,  etc.)  there  is  reason  to  believe  that  a 

>  Soe  Voit,  On  the  Acti<»n  of  Common  Salt,  etc.,  Munich,  1800. 
'  Brit,  and  For.  Med.-Chir   K<>view,  vols,  xi,  xiii,  xiv. 

•  Set*  his  Lectures  on  the  Influcnc«j  of  Ki-scnrchcs  in  Organic  Clieml>trv  on  Thera- 
peutics, in  Medical  Gazette,  1848,  vol.  xlii,  p.  230. 

•  Intheca^e  of  Diiritaliit  Dr.  Brunton  found  then*  was  a  cnnsi«liTahl«»  «l>.-»oliit»\ 
tbou^h  not  relative,  increaj^c  in  the  amount  of  urea  eliminated.  Soe  13runi»»n,  On 
Di|;itali«,  p.  42,  1808. 

•  Heller'*  Archiv,  Dec.  1847. 
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quaiility  of  malns&imiluted  matter  exisU  in  the  syBlepi,  of  \^1 
portaiU  to  get  rid.     In  many  such  cis^en^  indeed ,  cliuical  ol^- 
alfeady  e»tabiyied  tlie  bt*m^iit  derivable  fri>m  sudi  irtedidnes,  v 
iiig  the  miioDale  of  it.     The  urine  as  it  in  ijecreted  trieklet*  dr^ 
t  h  e  b  1  a  d  de  r,  a  in  uscu  1  o-m  e  m  b  ra  n  o  ii  8  reee  [>t  a  t  ■  1  e  m  f ui  h  1  e  o  f  1 1  o  1  d  i  i  e  tOt 

three  pints,  fnmi  which  it  is*  discharged  at  related  |>eriod?i.    The  bi..  .        .  xna-l 
posed  of  two  muscles  oppt>&ed  in  action,  the  detrusor  urime,  which  tbnii»  ibi" 
greater  part  of  the  uiembrannus  bag,  aud  the  Mpliiucter  veaies?,  which  fonni  | 
m  neck.     Both  are  chietiy  coinpojsed  of  una^t Hated  muscular  li?«ue,  tbcMijEfh  i 
gome  iHScienli  of  striated  mn!?cle  are  fuuud  in  the  sjVhincierp  and  both  iJ«J 
under  the  gi>vt^rnance  of  nervous  centres  tsituated  in  the  lumbar  p*>rtiu«  of  I 
the  spinal  cord,  though  they  may  uI^jo  be  influeiictnl  by  the  will,      Undtr" 
ordinary  circumslant'e^  the  eR*ape  of  the  urine  is  preventtnl  by  the  moderate  ^ 
contraction  or  tone  of  the  sphincter  vem-je,  to  overcome  whidi  in  the  mhhk, 
the  pressure  of  a  column  of  water  of  from  IG  to  20  inc^be*  iti  height/  aad  to  :" 
d  og  of  a  bo  u  t  oO  i  n  c  h  es  ( G  i  a  n  n  u  st  rJ  and  N  a  wroc  k  i )  i  s  rei^  u  i  Tti\ .     On  i 
of  the  lower  part  of  the  i*pinal  cord,  or  uf  the  vesical  uerv^,  the  pres^ll 
a  column  of  water  of  only  live  or  six  jTiehe^*  in  height  is  snlHeient  to  l5n 
passage  for  the  tluiil  through  the  sphincter.     The  cftncordant  ol>i*ervJ 
of  Mftsius'  and  Budge ^  s?how  that  the  njott*r  centre  of  the  bladder  t;*  ^ituatl4 
at  or  about  the  level  of  the  fourth  1  unibar  Vertebra  in  animals.   1  n  citnuectioa 
with  the  motor  centre  there  appars  to  be  a  second  or  inhibitory  t*cnlre  al^J 
situated  in  the  lumbar  region,  for  Goltz  haii  shown*  and  obst^rvatious  oa] 
man  furnish  corroborative  evidence  that  neither  incontinence  nor  n*leijtioa  ] 
of  urine  need  necessarily  follow  divisiou  of  the  spinal  conl ;  but  tlini  ia  J 
some  instances,  the  subjects  of  this  injury  can  hold  their  water  for  *ev€r«l I 
hours,  and  discharge  it  at  regular  intervals — ^that  is  to  say\  that  whilst  thai 
bladder  is  filliug^  some  inflnence  restraining  the  action  of  the  delrusujr  iji  al- 
erted, which  from  analogy  there  is  reason  to  lielieve  proceeds  from 
itory  cenlr€',  till  the  excitation  of  the  at-cumuhiled  urine  becomo 
as  to  stimulate  the  motor  centre  and  overpower  the  inhibitory  centrt\    i>u'iU 
observed,  and  the  ex(jM5rimeut  might  be  useful  in  cases  of  lesion  of  the  gpiD 
coitl  in  man,  that  the  applieaUon  of  a  cold  wet  sponge  to  the  unus  ctnwttll 
immetliaie  expuKsion  of  the  urine,  either  by  stimulating  the  motor  e^wlrfll 
and  inducing  contraetiou  of  the  detrusor,  or  by  panilyscing  the  inhihflartj 
centre,  and  thus  eHeetiug  the  relaxation  of  the  isphiucter,  and  removing  ati/ 1 
obstacle  to  the  respcmdenee  of  the  detrusor  to  tlie  stimulus  of  the  m<Kfcmtfl  j 
aeeumnlatiou  of  urine  in  the  bladder.     Daily  ex]>erience  teaehr*  that  tliej 
will  cau  exert  an  iuflueuce  both  on  the  motor  iiud  inhibitory  centres  ^ttimicd  j 
in  the  lumbar  region  of  the  cord*  •! 

4.   Of  the  Skin—Qihinmun  Tf^ampiration. 

419.  The  F^kiu  is  the  seat  of  various  secretions,^ — as  the  Sehaeeoue,  Opm-I 
minou^,  and  Odoriferous, — jbr  each  of  which  it  m  provided  with  spoJl 
organs;  but  these  have  reference  diiefly  to  itJ^  own  |*roleetion,  or  to  m)«i«I 
other  ififai  purfWH?:  and  the  only  one  which  ran  l>e  reganied  m  truly  am-j 
ffiftttttiom,  y  the  Transpiration  of  aqueous  fluid  holding  certain  maiter?  m 
solution.  The  elimination  of  this  fluid  from  the  blood  is  effeele*!  by  the  ^1 
dortparmiif  gland uhe  I  Fig.  1*42 ),  which  essentially  consist  of  Ioti  uelj 

tubes  (a,  a),  rarely  single,  but  usually  multiplied  by  repeateil  .ami 

1  Kunrefsow,  Pfluger  *f  Archjy.  1872,  Bd.  v,  p.  2^1. 

'  Bulletin  do  irAeiuh  Roy.  d^  B^l|^iqtie,  1S68,  p,  4flL 
»  Virckow^rt  Arthiv,  IKS,  Rd.  xv,  p.  115* 
*  Pfliiger  a  Archn ,  IS73,  p.  474. 
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Biibdivision  (2).  sometimes  also  giving  off  short  csecal  processes  before  their 
term  illation.  These  are  seated  rather  beneath  the  Corium  and  in  the  midst 
of  the  subcutaneous  adipose  tissue,  than  in  the  substance  of  the  skin  itself, 
ind  the  glomerulus  is  always  invested  by  a  sheath  of  smooth  muscular  tissue 
(Krause).'  The  tubuli  of  each  gland  are  lined  throughout  with  a  single 
layer  of  columnar  epithelium,  and  unite  so  as  to  form  but  one  duct;  and 
this  passes  upwards  through  the  Cutis  and  Cuticle,  in  a  somewhat  corkscrew- 
like manner  (3),  to  open  upon  the  sur- 
&ce  of  the  latter  (4),  which  it  usually 
reaches  obliquely,  so  that  the  outer 
layer  of  the  EnMermis  form«  a  sort  of 
little  vaiv(\  which  is  lifted  by  the  se- 
creted fluid  as  it  issues  forth.  These 
^laadulo^  are  diffused   in  varying  pro- 

Krtions  over  the  entire  surface  of  the 
dy.  According  to  Mr.  Erasmus  Wil- 
lon/  as  many  as  3528  of  them  exist  in 
a  square  inch  of  surface  on  the  palm  of 
the  hand ;  and  since  every  tube,  when 
straightened  out,  is  about  a  quarter  of 
an  inch  in  length,  it  follows  that,  in  a 
iquare  inch  of  skin  from  the  palm  of  the 
hand,  there  exists  a  length  of  tube  equal 
to  882  inches,  or  73J  feet.  The  number 
of  glandulse  in  other  parts  of  the  Skin 
is  sometimes  greater,  but  is  generally 
lew  than  this;  and,  accimling  to  Mr. 
Wilson,  about  2800  may  be  taken  as  the 
iverage  number  of  pores  in  each  square 
iDch  throughout  the  body.  Now  the 
Dumber  of  square  inches  of  surface,  in  a 
man  of  ordinary  stature,  is  about  2500 ; 
the  total  number  of  pores,  therefore,  may 
be  about  seven  milliojis;  and  the  length 
of  the  perspiratory  tubing  would  thus  be 
IjSTO.CKK)  inches,  or  nearly  28  miles,  or 
would  represent  a  solid  mass  al>out  equal 
to  one-third  of  a  kidney  (77  cub.  cent., 
Krause). 

4*20.  Although  a  separation  of  fluid 
by  this  extensive  glandular  apparatus  is 
continually  taking  place,  yet  this  fluid, 
being  usually  carried  off  in  the  form  of 
vapor  as  f&st  as  it  is  separated,  does  not 
ordinarily  accumulate  so  as  to  become 
sensible.  If,  however,  from  the  increased 
amount  of  the  secretion,  or  from  the  con- 
dition of  the  surrounding  air  as  regards 
temperature  and  moisture,  the  whole 
fluid  thus  poured  out  should  not  evapo- 
rate, the  residue  forms  minute  drops 
upon  the  surface  of  the  skin.     Thus  the  Sudoriparous  excretion  may  take 


Sudoriparous  Gland  from  the  palm  of  the 
hand,  magnified  40  diain.:  1,  I, contorted  tubes, 
comiK>siuK  the  k1^"'^  A"d  uniting  in  two  ex- 
cretory ducts",  2,  2,  which  unite  into  one  !*piral 
canal  that  perforates  tlie  ejn'dormis  at  r,  and 
o|)en!f  on  its  surface  at  4 ;  the  filund  is  imbedded 
in  fat-vesicles,  which  are  seen  at  .'•,  5. 


»  Krnuse,  Centralblatt  f.  d.  Med.  Wiss  ,  187a,  p.  817. 
*  On  the  Manngcment  of  tho  Skin,  3d  <'dit.,  p.  37. 
34 
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the  form  eitlier  of  setmbfe  or  of  hue^rnhk  transpiration :  th^ 
coiiBlaijt,  the  forrner  occaHional.     Wlieu  culleeted  iti  the  fluid  - 
a  tn jl t  i rl ms  liquid,  ptiB^essi  n g  a  i^ecii  liar  odi> r  a cc/j rrl  i  n ^  to  i \i^  j  mi  a  < 
ekiu  ft  urn  whicli  it  h  oblained^  and  more  or  less  turbid  tW>m  th<> 
Febaceous  matter  and  epidermal  scales,  ^vhieh  const  itu to  fr*>ni  0,2  lo  tKj  ptrl 
Cent,  of  the  whole  arnouiU  of  tiie  excretior^     Itij  reaction  h  a^imHy 
though  Gilfibert*  and  Favre  found  that  after  protracted  i^weatin^'  it 
neutral  or  even  alkaline*     Its  acidity  appeari  to  be  due  to  the  prc^rn 
certain  volatile  acids,  as  the  acetic,  butyric,  aud  formic;  to  which*  an<i  | 
&ib1y  to  the  metacetonic  and  capric  acids*  wo  are  probably  to  attribute  tli«1 
sour  sraell  which  it  possesses  in  M>me  disordered  states  of  the  «y«?teni.    TW] 
&ub&tauces  which  have  been  found  to  be  ctmstant  constituents  of  the  ^wci 
are,  water,  fat,  vanouii  volatile  fatty  acids  in  addition  to  those  aln^advmtti^ 
tioneil,  urea  and  inorptnic  m\U,  aInot^g^t  the  cUief  of  which  are  the  • 
of  Bcxliuiu  and  pota.'??^ium,  the  alkaline  phosphate?i  and  sulphate*,  t'l 
phos^phatef,  aim  iron.     Thai  it  k  a  true  secretion,  and  not  a 
aatt%  is  i?ho\vn  by  the  entire  ubi^ence  of  albumen,  except  under 
contlitions,  and  then  only  occasionally,'     Other  eon^tituentt  ■ 
wbose  pre?*nce  is  not  constant,  or  the  nature  of  which  has  not  i 
torily  determined,  are,  the  salt^s  of  ammonia,  of  lactic  acid,  and  uf  the  hj* 
drotic  acid  of  Favre,  and  certain  pigmentary  subgtanee^  of  variou-  t^bade^J 
In  disease,  uric  acid,  grape-jfugar,  albumen,  and  biliary  coloring  matter 
have  been  found;  aud  when  taken  with  the  food,  benssoic  acid  ^M^tftt  *,^oJ 
verted  into  hippuricX  succinic,  cinnamie,  ami  tartaric  acid^,  :  tini 

arsen i c  aci d s,  w i  th  io d  i  n e  a n d  iod  i de  o f  j K)tii^i  u  m ,  h h ye  beeti  rvc ^  i  v  t  '  ^  ^ 

sweat.     Fuuke  cjileulates  that  about  11  grains  of  uilrogen  are  da 
nated  by  the  skin  through  the  dcscjuamation  of  the  epithelial  scai^  -.     ii'^ 
also  fouud  urea  (as  was?  first  staled  by  Dr,  Landerer'^i  to  be  a  con^-taut  c«>i^| 
stituenL     In  one  experiment,  the  entire  fjimntiiy  of  pr  r-. 
whole  body  for  1  hour  being  3320  grains,  (II  gniin.^  were  IV^ 
If  the  secretion  had  continued  at  the  same  rati*  fur  24  boun^^^  J 
urea  would  have  been  eliminated,  containing  73i  gniiiij^  i*f  nitr 
ordinary  circumstances,  however,  it  is  probalde  I  hat  a  x^ry  : 
quantity  is  thui^  eliminated.     From  the  general  uniformity  in  rr 
of  solid:^  to  100  parla  of  sweat,  oliserved  by  Funke,  it  is  obviou#  i- 
an  Increase  in  tne  quantity  of  fluid  excreted  by  the  skin^  there  t 
augmented  excretion  of  solid??;  aud  to  the  deficiency  which  is  thus  pruduiW  I 
in  the  salts  of  the  bloml  may  l>e  partly  assigned  the  debilitating  eUk'tf  of 
profuse  pempi  rations.     Other  eans^ei*,  however,  probably  concur  in  producing  I 
tho^e  effects.     Thus  the  great  fatigue  which  is  experienced  mB  a  conRHjoeofT 
of  muscular  exertion  in  a  heated  atmosphere,  may  fairly  be  set  down  t<»tltf  i 
diminished  activity  of  the  respiratory  process  at  high  tenifieralu.r(^  (^  :ill,  J'» 
and  the  colliquative  sweating  of  hectic  fever  i**  obviously  not  a  cau^^M* 
conH?quence  of,  though  it  may  ali^o  react  upon  and  increase,  the  dehilitAtwl 
state  of  the  general  system.     The  proprotion  of  solid  matter  c<Mitnin<Hjm 
differeut  sjwciraens  diffen^  very  greatly ;  thu.^  accorxiin^  to   ^  ^ 

varies  between  5  and  12*5  parts  in  lOOt);  the  ol>servution»  i.^  .'^ 

44S  part^  per  1000  as  the  proportion  coi2taiDed  in  nearly  nine  '■ 


>  OHhhert  d'HfkMitjn,  6ii«   Med.  de  Lyon,  Mio,  185J1,  RfV.  ' 

•  Bop  Lt?ulj«,  Yirehow'a  Arotiiv,  Bd,  slviii,  pp.  181,  SUl  j  iind  Ai  v  tn.  H*^t 
Bd.  viij  p,  I,      * 

>  HeU(>r>  Afcbiv,  Bd,  iv,  p,  190.     Sm  also  DQininger«  I>i!utM!li*  AfcliW  t  P^ 
HikI  ,  1870,  Bd,  vii,  p.  587. 

*  Archive*  Gfinfen  de  Uhd.,  18&8,  firne  Ser.,  torn.  U,  pp.  1-12, 
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tcollected;  whilst  thD-^e  of  Schottin^  rai^  it  as  high  m  22,4  part.^  per 
which  ^  however,   12  parts  cousin  ted  of  epithelium  and  inaoltiye 

42L  The  entire  amount  of  fluid  which  is  "iusendbly"  lost  from  the  CiitA- 
fli  aud  Puliiionary  surfaces  waa  e^iti mated  bv  Seguiii  at  18  graiiu?  jwr 
auie;  of  which  H  grains  pass  otf  by  the  ^kin,  and  7  by  the  lungs, 
Funke/  with  two  student**,  niade  numerous  ex [leri mentis  upon  the  amount 
and  characters  of  the  Sweat  escrete<l  from  the  hand  and  forearm  under 
differt^nt  cireu  instances.  In  tbe^  eiLperimentf  the  arm  wilb  iuelosed  in  a 
miuitchoue  hair,  and  each  experiment  hinted  for  one  or  two  houn*.  It  was 
fciund  that  the  hirges<i  quantity  of  sweat  obtained  from  the  forearm  and 
hand  uoiler  favorable  nrcumetaDces,  in  one  hour,  was  740  graioi?,  which 
would,  in  24  hf*u ns,  supposing  the  secretion  to  continue  at  the  mme  rate* 
Amount  to  about  2^  lbs.  But,  from  accurate  measurementif,  Funke  ascer* 
taio^ed  that  the  ratio  of  the  superticles  of  the  forearm  and  hand  to  that  of 
the  bodv  geuerally  was  as  1 :  17;  so  that  if  the  perr^piratiou  took  place  con* 
tiuuoui*ly  and  at  the  same  rate  from  the  whole  surfaee  of  the  body,  upwards 
of  42  lb.*,  might  be  dischargerl  in  24  hours.  On  the  other  hand,  the  mini- 
mum qiiantity  excreted  by  the  band  and  forearm  was  48  grains  per  hour, 
which  would  amouut  to  1152  grains  in  24  hours,  and  this,  mulli plied  by  17, 
would  give  2}  lbs.  for  the  amount  eliminated  from  the  whole  body  in  24 
hour>>  It  was  found,  however,  that  different  regions  of  the  body  gave  off, 
in  proportion  to  their  surface,  very  different  quantities  of  Huid  :  thus,  in  no 
instAuee  was  the  amount  discharged  by  the  leg  equal  to  that  given  off  by  the 
^Jipm.  Moreover,  the  three  experimenters  furnished  very  different  propor- 
Ds  of  awe4il  under  the  same  circumstances:  thm,  with  active  exercise  in  tlie 
Biin,  the  projKjrtion  between  them  was  m  1 ;  2.3:  4,4,  and  in  another  experi- 
ment m  l:L7:2-06.  Funke  draws  the  concius^ion  from  his  experimenln, 
that  the  entire  amouut  of  perajii ration  from  the  whole  body  may  fluctuate 
from  aljout  2  ounces  (819  grains)  to  about  29  on ncci^  (12,588  grains)  per 
hour,  the  quantity  of  solid  residtie  varying  from  14,25  to  107.57  grains  per 
hour,  Favre^  by  taking  large  quantities*  of  warm  flrink^,  and  exposing  the  body 
to  a  high  t cm pcratui-e^  collected  no  \g^s  than  25(>0  grammes,  or  above  oHbs. 
of  water  in  1  i  houra.  It  is  difficult  to  give  an  average  for  the  24  hour^  when 
the  variations  are  so  great;  but  it  may,  perhap^  be  estimated  at  about  2  11m,| 
the  exhalation  of  aqueous  vapor  .by  the  lungs  being  rather  le^  than  1  lb* 
(§  318 1*  An  interesting  series  of  observations  has  recently  been  published 
by  Dn  Victor  Weyrich^  up<>n  the  relative  amounts  of  insensible  pej-spira- 
tion  under  different  conditions.  The  instrument  he  employed  was  a  modi- 
fica  t  i  on  of  Da  n  ie  1 1  's  h  y  g  ro  nle  te  r ;  and  his  ex  peri  in  e  n  ts  e  xte  n  d  ed  <>  ver  m  ore 
than  a  yean  He  found  that  variations  of  temperature  between  55^  and  70** 
F,,  when  the  body  was  clothed,  produced  little  eflect;  but  every  PC. 
(^^1|^  FJ  above  70^  F,  occasioned  an  increase  of  2  per  cent,  in  the  total 
amount  of  vajtor  exhaled,  and  for  every  1^  C  below  So''  F,  there  was  a 
dtminuiion  of  from  1  to  li  percent.  He  ob^rved  that  the  effects  of  the 
r^Iati%'e  moisture  *>f  the  air  were  in  great  measure  concealed  by  variatiouii 
in  tem})eratiire,  go  that  the  highest  averages  of  inaeuBlble  perspiration  occur- 


>  Arehiv  for  Physlul*  Hdlkundc,  Bd.  ii,  pp.  7S^!04. 

'  B«*itm«o  zyr  KfmntniJis  d^r  Schweis^s  St?ereiion;  Moleschott's  Untersuchungea 
mur  Nfttiirlrhre,  u.  ^,  w..  iv,  p,  36. 

*  D\q  iinmerkVicho  Wnftscrv^ird^in stung  der  Mcni^chUchen  Hmtti  Leipzig,  1862, 
S(*e  abMriict  in  Med,*Chin  Rev.,  1B63,  voL  ji,  p.  «59.  S«e  alao  Rfthnif,  Die  Phy»- 
iolo^U  tier  Hiiutnthmung*  Deutsche  Klinlk,  1872,  No.  28;  wnd  En?mHnn,  Eur 
Phviiiologie  dcr  WM&AePverdunfllung  von  der  HiLut,  in  Eeit«<Jhrift  t  Biolugie^  lJd<  Jt1| 
pp.'  1-78,  1876, 
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irrl,  not  with  the  lowest,  but  with  moderate  amminfj;  of  moisliiir  in  the  »^t 
The  minimum  amount  of  perspiration  iilwaya  occurred  on  rising  in  thr  mom- 
ma;,  bpin^r  then  25  jwr  cent  belovT  the  average*  The  maximum  amount  wni 
eliminated  at  noon,  when  it  rose  to  52  above  the  minimum.  Fo^mJ  Iriv:iri- 
nblv  increa?ied  the  cntaneou;^  transpiration*  cofieo  and  lea  hav 
larfv  powerful  influene^.  The  increane  i>ceurred  j^oiinc^t  after  i  ,  — 
wa.**  iireate^t  and  moat  permanent  after  dinner.  M«j<lerate  niu«seular  or 
exertion  slightly  increased  the  amoaut  of  per-^ni ration,  but  fatigue  an^ 
haa^tion  produced  a  considerable  decrea?^e*  Violent  mu§culaf  efflirt  trnwed 
it  ti3  77  per  cent,  above  the  mean  ;  severe  iatelleetual  labor,  42  prr  c^t 
During  sweating,  the  rise  was  equal  to  110  ]yer  cent,  over  the  mean,  bun  »fii^ 
sweating  it  fell  even  to  26  per  cent,  below  the  mean.  The*  am^iunt  of  itigim* 
5ible  |)er!^pi ration  varies?  greatly  with  the  condilions  of  the  atnM>*i>li«»'rH,  md 
of  the  body  it^lf,  in  respect  to  exposure,  food,  exercise,  and  ar '  - 

accretions  :  and  the^e  variationi^,  m  we  ghall  hei^eafter  nee  (S  424 
important  ?^hare  in  the  regulfltion  of  the  teiu}>eratui'e  of  the  h 
ing  to  Garrod,*  fiweating^  I>eg!n8  when  i^tanding  at  rei^t  ai  al'^ 
Exact  obser  vat  Ions  on  this?  point,  however.  In  wliieli  not  merely  lii 
atnre,  but  the  hygro metric  state  of  the  air  &houhl  tw*  pret'i*«eiy  d^ 
arc  much  wanting  r  the  best  hitherto  r(>cordeti  beinj;  thofle 
8outhwof>d  Smith,'  at  the  Phcrnix  Gas  Works,  in  which  the  fu;...  . 
only  was  carefully  note<L     The?e  observations  were  uiade  upou  eight  of  ihf 
workmen  employed  in  **  drawing"  and  **  chaining"  the  rt*tortH,iiml  in  oiAk- 
liig  up  the  firei?,  during  which  they  are  exposed  to  lutense  heal ;  llit*  mrn  wei 
accurately  weighed  in  their  clothes,  immediately  lu-fore  th*fy  began,  &0i 
after  they  had  finished  their  work;  and  in  the  intt*rval  between  thi-  flrHtftinl 
nei'ond  weighings,  they  were  not  allowed  to  partake  of  any  »olid  m  UqfM 
in^fmia^  nor  to  part  with  urine  or  fiw.'es. 

Experiment  I.  Nov.  18th,  1836.     Dav  bright  and  clear.     T 
the  air  in  which  the  meu  worked,  6<J°  Fahn      Bartmieter  211. 
in.     Duration  of  labor,  45  minutes. — Average  Ujss  of  weight,  a  tU».  *« 
maximum,  4  Iba.  8  oz. ;  minimum,  2  lbs,  8  oz. 

Experiment  II.  Nov.  25th,  1^36.     Day  foggy,  with  scarcely  any  ^ 
Temperature  of  the  air  39^  Fahr.     Barometer  2fi8.     Dnnitton  of  labof,  71 
minute.4.     Average  loi^s  of  weight,  2  lbs.  2  oz.;  maximum,  2  jbd,  to  qol; 
mum,  14  oz. 

Experiment  III.  June  lid,  1837.  Day  exceed  in  gly  bright  and  cWr^irkl 
little  wind.  Temperature  of  the  air,  60°,  Duration  of  lalK>r,  *iO  miii*l» 
Average  loss  of  weight,  2  lbs.  8  o^, ;  maximum  3  Ibri, ;  mimimum,  2  II^l 

Experiment  IV,  On  the  same  day,  two  other  men  wf^rketl  in  an  uau?»tt*lN 
liot  place  for  70  minnles;  the  loss  of  weight  of  one  of  these  wa*  4  1!»  Um.: 
and  of  the  other  5  lbs.  2  ok. 

Although  the  individuals  subjected  to  those  experimeni*  w^f*^  nuliiiiB 
iuManrei!  the  game,  yet  there  was  enough  of  i^lctitity  among  t"  U^\ 

of  the  certain  inferent^e,  that  the  amount  of  fluid  h>st  mn^t  be  i  ^f 

the  state  of  the  individual  system,  as  well  ai*  by  that  of  th-  '"I 

medium*  Thus  in  the  t^econd  experiment,  Michael  Griffith*  \\>^  .  "*^ 
and  Charles  Cabell  2  U)§,  15  oz.:  whilst  in  the  third,  Michael  Oririiiiit  W 
3  lbs.,  and  Charles  Cahell  only  2  lbs.  It  is  probable  that  the  m%imv4 
liquid  ingested  not  long  previously,  might  have  a  considerable  infltteflC*'* 
the  quantity  lost  by  transpiration  under  such  circunwtance*.^Tb«  ^ 
recent  iuveutigator  into  the  conditions  affecting  the  evai>oratiun  i»f  <!»'" 


»  Joura,  of  Aitat  iind  Phy».,  vM,  ti,  18172.  p.  UH>, 
*  Philoiophy  of  H^ftltb^  vol.  li,  pp.  S^I-806. 


PBRSPIItATORY   GLANDUL.^. 


625 


from  the  hci^y  h  Erismann/  who  exanimed  them  both  in  the  dead  and  in  t lie 
livin«  body.  In  the  dead  bmiy  he  found  that  the  amount  of  fluid  evaporat- 
ing from  a  given  area  of  the  skin  was  the  mme  whether  the  ynder  i^urface 
was  in  contact  with  serum  or  with  water,  and  whether  the  vessels  were  fully 
injected  with  water  or  noL  The  amount  inereased  rapidly  with  temperature 
and  with  the  dryness  of  the  air,  but  it  made  little  ditfercuce  whether  101)0 
or  60CK)  litres  of  atr  pa^ed  over  the  surface  in  a  given  time.  Evaporation 
totik  plat^  most  actively  from  those  part^  which  contaiued  niauy  awesit- 
plandn;  the  skin  of  the  sole  of  the  foot,  for  example,  which  contains,  accord* 
ing  to  Krause,  2685  gweat-glands  in  the  ^juare  inch,  yielding  nearly  double 
the  amount  of  insensible  j>er»pirauon  a**  compared  with  the  ekin  of  the  belly, 
which  haj?  only  1136  in  that  areai  notwithstanding  the  much  greater  thick- 
neM*i  of  the  epithelium  in  the  fonner  situation,  A  dead  iMKly  (the  size  of 
which  la  not  given)  of  a  wonmn  lost  617.6  grains  in  24  hours*,  the  tempera- 
ture lx?ing  63^  F,,  and  the  amount  of  aijneous  va|>or  in  the  air  04  \Htr  ceut. 
(^  compared  with  ssnlunuioii).  Experiments  made  upon  tlie  /m'm/  hodif 
ebowed  that  the  most  important  external  factor  in  determining  the  amount 
of  evafMimtion  wm  the  relative  dryness  or  moi.«ture  t)f  the  air.  Next  came 
the  tenfperature,  and  then  the  ventilation  or  amomuof  air  blowing  over  the 
8urlace.  The  ind>ibitiou  of  a  large  r|uatitily  of  hot  fluiib  by  filibeg  the  ves- 
&els  and  increasing  the  pressure,  augmented  the  evaiK>rnt!on,  It  wa^  aL*o 
increase* I  by  work,  even  though  sweating  did  not  occur.  Cooeidernble  dif- 
ference of  opinion  exi^l^  a^  to  whether  the  insensible  perspiration  \s  dis- 
charged by  the  suHace  of  the  skin  generally  (Krause,  Donders),  or  whether 
this  is  not  the  exclusive  province  of  the  sweat  glands.  Erismanu  adduceji 
many  reasons  in  favor  of  the  latter  view^  and  it  may  at  least  be  admitted 
that  the  greater  part  of  the  **  insensible*'  and  all  the  ** sensible"  perspiratioti 
is  elimiuated  by  tliese  glands, 

422.  That  the  Cutaneous  excretion  is  to  a  certain  extent  vicanons  with 
the  Trinary  in  regard  to  the  amount  of  fluid  eliminated,  has  been  generally 
admitted,  and  is  probably  true;  but  the  observations  of  Weyricb  have  shown 
that  under  similar  ci>nditions,  avoiding  extreme:*,  both  excretions  rise  and 
fall  together,  and  that,  eonsieqnently,  no  deductions  can  be  drawn  as  to  the 
amount  of  pers]>imtion  given  oft*  from  any  estinmtes  of  the  volume  of  urine 
digcbnrged.  We  muil  not  disregard  the  circumstance,  however,  that  these 
two  excretions  are  to  a  certain  extent  vicarious,  in  regard  to  the  elimina* 
tion  of  the  products?  of  the  *'  wiistc*'  of  the  system,  Leubc^  has  in  particular 
shown  that  in  certain  affections  of  the  kidneys  the  skin  exmles  uj-ea,  phos- 
phoric *ici4l»  and  chlorine  in  excess,  whilst  the  (][uantity  of  these  comjwnjnds 
appearing  in  the  urine  is  correspondingly  diminished.  The  share  which  the 
Skin  has  in  this  office  has  probably  been  generally  uuderrated.  As  we  have 
seen  <S  421),  there  is  reason  to  believe  that  at  least  100  grains  of  azoti/.ed 
matter  are  excreted  from  it  daiiy;  and  any  cause  which  checks*  this  excre- 
tion must  throw  additional  labor  on  the  kidneys,  and  w;ill  be  likely  to  pro- 
duce disorder  of  rbeir  function, — From  the  experiments  of  Bcharling  and 
Hannover,  it  would  appear  that  the  proportion  of  Carbonic  acid  elindnated 
by  the  8k in  is  lo  that  discharged  by  the  Lungs  as  1 :  38,  Aubert,  however, 
gives  a  much  smaller  proportion,  viz,,  as  1  :  200  (see  p,  3i)5).  Reinbardt* 
estimates  the  daily  amount  of  Carbonic  acid  eliminated  by  the  whole  skin 
of  an  adult,  by  calculation  from  experiments  made  on  one  of  his  arms,  at 
from  3-)  to  36  grains,  and  Rohrig  found  that  the  skin  of  one  arm  yielded 
half  a  grain  of  Carbonic  Acid  gas  per  hour.    The  secreting  action' of  the 


*  Erii-rnHfitii  Zur  Phyaic>loj^io  der  Wnss^rverdun^tung  ?on  der  Haul,  in  the  Zoit- 

»  Zalu,  for  Biob,  1869,  p.  28, 


•chrift  f.  Biulogie*,  Bd,  xi.  1S7»*  pp.  1-78. 
*  Bcut«ebe  Ar^hiv  f.  Klin.  Med.,  Bd.  vii^  p.  1 
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Skin  is  inflacoced  by  general  condilions  of  tlie  va^^cular  and  nrr 
wliich  are  as  yet  ill  umk-mocRl,     It  b  quite  eeHniTi,  hovre%vr 
the  influence  of  the  latter  the  t^eeretiou  may  be  excited  or    n^j.; 
seen  oo  the  one  hand  in  the  *tate  of  .^yticope,  aod  in  tJip  ett* .  i -  i  i   i  ^j 
emotiou^,  especially  fear,  and  ite  more  aggriivated  eondttiot)^  terfrir; 
the  other,  id  the  dry  condition  of  the  .^kin  during  states  of  high  tierv^a 
ci  lenient.     It  is  possible  that,  In  some  forms  of  fevef,  the  snppresisiort  ot  tlM 
perspiration  is  a  cause,  as  well  as  an  effect,  of  disordered  v^aseuW  actjott;  fee 
there  are  several  roorbid  conditions  of  large  parts  of  the  sur&ce,  m  wUck 
the  suppression  of  the  transpi ration  appeals  to  be  one  of  the  chief  mmmm^l 
danger,  having  a  tendency  to  produce  congestion  and  inflamnmtloii  of  tb« 
internal  organs.     The  operation  of  gome  poisons,  like  tobacco  aad  j&bormii£» 
induces  copious  sweating.     From  the  experJmentg  of  Dr.  Fourcaull,  nhiA 
have  been  confirmed  by  Valentin/  it  appears  that  complete  supfi 
the  perapimtion  in  animals,  by  means  of  a  varnish  applieil  over  ihe  skin, 
rise  to  a  state  termed  by  him  ** cutaneous  a&|>hyxia»*'  which  is  m. 
imperfect  arteriati^tion  of  the  blood,  and  considerable  fall  of  len^i 
and  which,  as  it  produces  death  in  the  lower  animals^  would  probably  do 
the  same  in  Man.     A  partial  suppression  by  the  same  means  gives  riee  to 
febrile  symptoms,  and  to  albuminuria,^     Other  symptoms  that  have  be«i 
observed  are  tremors,  hypera^thesia,  and   snbsefjuently  anasthesia  of  tb« 
skin,  increased  reflex  excitability*  tetanic  cramps,  movements  of  rotatioii  of 
the  whole  body^  paralysis  of  the  bladder  (Feinbei-g),  ulcers  in  the  ^tomaci 
in  consequence  of  extensive  extravag'ations,  and  ditluse  parenchymatMiii-  ia- 
flammatiou  of  the  kidneys  (Socoloff)*^    In  Valentin's  expriiiients  it  w? 
iiamd  that  removal  to  a  room  uf  high  temperature  (71^  to  140^  Fahr. '  w» 
Jbllowed  by  remarkable  temporary  improvement  in  the  condition  of  ihea&i* 
mals,  sensibility  and  voluntary  motor  power  being  react^uired;  ar^d  in  «>ttHf 
instances  food  being  taken.     Death,  however,  alwara  ultimil^  r^l 

Lacschkewtt.*ch*  regards  the  etiect!^  pro^luced  as  aualogons  to  i  in 

imraiy^is  of  the  va^o- motor  nerves,  where  a  iiyf^^»eriemie  eouditluu  ot  ih^'  vi--^ 
eels  is  present,  and  the  animal  loses  heat  rapidly,  and  more  in  t*!>^r    'L-h  '•■ 
the  ^mall  ness  of  its  size.    He  denies  that  the  caui*e  of  death  U  '  >  * 

attributes  It  to  cold,  and  refers  in  supfwirt  of  his  view  lu  the  tu  .  .....  .1'^ 

may  be  deferred  or  prevented  by  wrapjiing  the  animal  in  cotion-waol    l-*r^ 
ha^' pointed  out  that  crystals  of  the  triple  phosfjhates,  which  h^-  -•'-^-^ 
the  decomposition  of  urea,  may  be  founil  in  all  paru*  of  iho  ho- 
hy  eup|>re&&ion  of  the  perspiration.     He  con^ulers  the  unimaU  of.^  iroru  unr- 
mic  poisoning*     Fein  berg/  on  the  other  hand,  refers  tlte  symplon»  U>  1^ 
irritation  of  tlie  cutaneous  nerves  cauM-d  by  the  stiffening  of  the  tiniiri^ 
which  leads  to  vascular  disturbances  and  paralysis,  and  seeondanlr  lo  iu 
affection  of  the  spinal  cord.     The  poij?onous  nature  of  the  cutaneouA  *tscn^  . 
m  well  shown  in  an  exi>eriment  made  by  Rohrig,'  who  found  tliat  I  be  inj«^ 
tion  at  noon  of  3J  ccm,  of  fresh  filtered  human  sweat  Into  the  extrnml  jujf 
niar  vein  of  a  rabbit  caused  the  temperature  to  rjj?e  from  99/2^^  F.  ti>  M^' 
during  the  evening,  whilst  the  pulse  rose  from  192  j>er  mitiut^  to  I^'26»  a*»l 
the  respirations  from  82  to  10-5.     On  tlie  following  mornings  the  Irttip'i*;' 
ture  remaining  the  same,  the  eardiae  beats  were  315,  and  the  rf»|>ifalii*ii  -^^ 

•  Arc!ldv  for  physiolog.  RcUk  .  Bd.  if,  1858,  p.  489. 

uat\  BHt,  Hud  For,  Mod.  tipv  ,  vet   xs,  p(u  106-108, 

•  Siicolojf,  CVtitrnlhlittt,  1872,  n.  fiSS.  *  E^icbert'a  Arrfelr,  !W  ^  <* 
»  Affliiv  d.  HciJkundc,  1872,  lid.  xlil,  p  277. 

•  ConlrattilMtt  f  d.  Med.  Wis*  ,  Win,  r».  M^, 

'  Bdtraije  *ur  Pbytiologie  d<?r  HHUt,  Jiihrb.  f  Bain eo log! 0,  1873,  l*d   i,  p  '* 
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in  the  minute;  after  this  it  gradually  returned  to  the  normal  in  the  course 
of  the  day.  During  the  fehrile  state  the  urine  contained  albumen.  There 
can  be  no  doubt  whatever,  that  imperfect  action  of  the  Cutaneous  glandule, 
consequent  upon  inactive  habits  of  life  and  waut  of  ablution,  is  a  very  fre- 
quent source  of  disonler  of  the  general  system  ;  occasioning  the  accumula- 
tion of  that  deeompoeing  organic  matter  in  the  blood,  which  it  is  the  special 
office  of  these  glandule  to  eliminate.  Hence  the  due  maintenance  of  health 
requires  that  this  excretion  should  be  promoted  by  the  use  of  the  natural 
and  appropriate  means  just  referred  to ;  and  this  is  the  more  necessary,  when 
from  any  cause  the  function  of  the  kidneys  is  imperfectly  performed.  There 
are  many  diseased  states,  moreover,  in  which  there  a[){)ears  to  be  a  special 
determination  of  the  maieries  morhl  to  the  Skin;  and  in  which,  therefore, 
the  use  of  means  that  promote  the  cutaneous  excretion  constitutes  the  most 
efficient  method  of  eliminating  it  from  the  blood.^ 


CHAPTER   XII. 

EVOLUTION  OP   HEAT,   LIGHT,   AND   ELECTRICITY. 
1.   Oeneral  Considerations, 

423.  The  series  of  Nutritive  operations  which  has  now  been  passed  in 
review  has  been  shown  to  consist  in  the  continual  appropriation,  by  the 
Animal  organism,  of  certain  " organic  compounds"  or  "alimentary  mate- 
rials," which  have  been  generated  for  its  use  by  Plants ;  and  in  the  con- 
stant restoration  of  their  elements  to  the  Inorganic  world,  either  in  the  very 
same  forms  of  combination  in  whii^h  they  originally  existed  there,  or  as 
products  of  incipient  decay,  by  whose  further  decomi)osition  those  simple 
oinary  compounds  will  be  reproduced.  And  thus,  so  far  as  the  material 
components  of  the  Organic  Crcati(m  are  concerned,  the  agency  of  Vegetable 
life  is  employed  in  withdrawing  them  from  the  Minenil  world,  and  that  of 
Animal  Hie  in  returning  them  to  it,  after  they  have  served  their  purpose  in 
the  living  structure.  But  if  we  examiuc  into  the  source  of  those  active 
powers  or  "  forces,"  on  whose  operation  every  change,  no  lej«s  in  the  organ- 
ized body,  than  in  what  is  commooly  designated  as  "  inert "  matter,  is  de- 
pendent, we  shall  find  that  they  are  all  traceable  to  the  .solar  radiations.  It 
IS  by  the  action  of  the  Light  and  Heat  of  the  Sun  upon  the  Vegetable  germ, 
that  it  is  enabled  to  exercise  its  wonderful  tran.sformiiig  capacity,  whereby  it 
extracts  carbon,  hydrogen,  nitrogen,  and  oxygen,  from  thecarbonic  acid,  water, 
and  ammonia  furnished  by  the  atmosphere  or  the  soil ;  and  that  it  converts 
tliei*e  into  the  albuminous,  saccharine,  and  oleaginou.s  compounds,  which 
arc  the  destined  food  of  Animals.  And  it  is  under  the  influence  of  Ileat 
chiefly  derived  from  the  same  source,  that  the  greater  number  of  tribes  of 

'  The  [iraclic'Ml  vaUio  of  activu  diaphoresis  in  nuiny  f«brii(*  (lisfiiM-.-,  is  \vt»ll  undor- 
rtoiid  bv  iho  nutive  prMctitionc*rH  iiinong  the  Noproes  ol  the  OuirH'.i  Cou.-t;  who,  aroord- 
ing  to  br.  Dunif.Ol  (Medicul  Topography  and  Nativo  DiseaHi*s  of  ilie  Gulf  «>f  (fiiinea, 
pp.  lll»-20),mMk('  iiso  of  it  mosft  8uece:<bfully  in  the  treatment  of  aMynamie  nMniitent 
fbVGrit.  Dr.  Danicll  stutes  that  having  hin):self  had  abundant  exp'>ri(>nc(>  of  its  effi- 
cacy, he  ha^  no  doubt  of  its  superiority  in  thesse  eases  to  the  ordinary  |>ractiee  of 
venesection,  saline  purgatives,  birge  doses  of  calomel,  etc.  And  In-  has  repeatedly 
stated  that  one  great  secret  of  preserving  health  in  tropical  clinuiles,  liea  in  due  atten- 
tion to  the  cutaneous  functions. 
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Animals  are  enabled  ta  ajipiy  tbtsr*  cnmpiHiD*k  to  the  p*jrpi>*i?«  of  or^a 
tioo  J  aoil  that,  thmiij^h  tlie  |x?culiar  iu^truincoU  ihn^  f^on^t7^irti»c|,  thi«f1 
vari  0  as  kimh  of   Vita  I  Fo  ree  a  re  e  vo  1  v  eiJ ,  w  h  a^e  opv  rat  i*  1 1  ■  I  iflemi 

from  any  which  we  wui*e*is  in   the  Jtvur^rauic  worM.     A-  ^vmttuh-^ 

etrve  that  the  **rate  of  life"  in  thiw  larger  profnirtMm  of  tbt*  Annxial  kii^> 
dom,  is  regulated,  as  iu  Plants,  by  the  amtjunt  of  Heat  feupfil'-  ^^  t. 
gaabra  from  external  sources;  and  that*  when  the  exteroai  t; 
reduced  below  a  certain  point,  there  h  an  entire  reasation  of  ah  .  - 
ity*     But  there  are  certain   tribes  especially  Birds  anti   Manitna 
possess  the  piiwer  of  generating  Jftnit  within  them&dve'^,  to  -     ' 
m  to  render  the  rate  of  their  vital  priK-e^ea  almos^t  eutirely  ii. 
external  influences;  and  there  is  probalily  no  one  bpecie**  thai 
thift  power  more  effectnaUy»  and  through  a  greater  range  of  ^ 
ditions^  than  Man  in  al)le  to  do.     Of  this  we  nhail  presently  havtj  •  i 
The  evolution  of  Lit^ht,  again,  in  by  no  meana  au   nDUHual  phenoii 
among  the  lower  tribes  of  Aninuibj  but  where  it  doen  uccur,  it  iL-timllya^ 
pear»  to  have  ?ome  special  purptx^e,  a*  is  ohviouH  enough  in  the  imaa  of  ib^i 
g!ow*wonn  and  other  Inmiuou!*  InMectii,     Bui  the  bnninimty  nhiHi  i*  wita-f 
filoaally  eachiblit'd  iu  Man  inusl  be  regarded  m^  an  uliogether  aiition 
pbeuoinenou,  \\Ut>m  phyf^iologieal  jiitere^it  arifte*  out  of  the  peculiar 
the  circunmlanceii  under  which  it  preieuts  iu*elf — Of  the  de^n--«  in  ^ 
Eiedrieity  h  generattil  in  the  livtpg  body,  we  know  com  pa  mtt  vely  little.  J 
There  ran  be  no  doubt  that  a  di^jturbance  of  Electric  polnrily  lake* 
ill  every  action  of  Organic  m  well  as  of  Inoi^Qtc  Cheniisitry ;  and 
that  e\'ery  molecular  change  in  tl»e  Animal  m  well  ai?  in  the  ^'         ' ' 
gnnism  mii^t  iuvolve  an  altemtion  in  its  electric  condition. 
seem  that  In  the  Animal  body  generally,  these  alterations  an 
anee  each  other  so  exactly,  that  no  considerable  disturbaut^  «  ; 
equilibrium  ordinarily  takes  place  iji  the  orgaui.Hoi  as  a  whole,  diiul . 
only  iu  certain  peculiar  cas^^-s  (as  in  the   Electric   Fishes?)  that  a  prov 
e%hu  for  the  generation  of  Electricity  in  considerable  amount  and  lOW^ 
sitVi  will*  a  view  to  some  special  purjHise.     In  the  litimaii  subjix^t,  bonf^rer, 
an  extraordinary  prodnclion  of  free  electricity,  as  of  Light,   iKt^a>«nuaU^ 
presents  itself;  and   this,  taken  in  connectitm  with  other  cvidcti«T,  wcmU 
seem   rather  to  indicate  a  departure  from  the  hnhmrf*  usually  maintnuK^ 
between  the  oppo^iie  electrical  changes  continunlly  taking  place,  than  to  k 
due  to  the  introduction  of  any  extraordinary  s<mrces  of  eWtric  disturbntjcft 

2.  Emlnimi  of  Ilttd. 

424.  All  the  vital  actions  of  the  l>ody  of  Man,  m  of  that  of  ••  ctrah 

blooded"  animab  generally,  ret^uire  an  elevate<l  tcm]>eraturc  ?^  ' 

of  their  perfbrnmnce;  and  the  high  degn^e  of  eonstaucy  and  rep 
is  observable  in  these  actlous,  appears  to  ilepend  in  great  de;.-  '►« 

p ro V is i o n  w h  i ch  I h c  o rga n h n\  ct i n  t a i  n 8  w i t  li i  n  i t sel  f,  fo r  th e  m :  \  *^ 

that  tempemture  at  a  fixed  staudaril  This  constancy  and  rcgoljinty  tn* 
most  remarkably  exhibited  it*  the  various  perimlmii  change^f  to  wbicti  tbf 
body  is  subject  l>ath  in  health  and  in  disease;  the  uniform  it  j  of  i^b<*ew* 
currenee  is  due  to  a  corrcsi Mantling  uniformity  in  the  rate  of  vital  iwtwi 
taking  place  in  the  interval.  TIjus,  as  will  be  shown  hereafter,  I  he  pt^rirf 
of  parturition  is  in  great  degree  determined  by  the  maturation  of  tb^  fa^il 
structures;  and  the  unitbrmity  of  the  time  which  this  requires  (like  tln;««^ 
respoudiug  uniformity  in  the  period  of  development  in  the  «     '  '*f 

be  fairly  attributed  to  the  regularity  of  the  supply  of  I !  '^ 

power  that  especially  determines  the  formative  operations.     1-  ur  *Mk.  pcncd* 
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of  all  similnr  phetioriifMia  in  "  cold -blood  eil  "  aiiinmk,  wJiich  have  compara' 
tlveljr  but  let'ble  ptiwer  of  nmiutaiiiing  an  imUj>ej3dent  temjicmture,  exliibit 
iio  feuch  uiiilbrnjiiy :  yet  eveo  in  the  lowest  Vertebrala,  nQCQnHtig  to  Mr, 
GulUver,*  iKc-  teinpcmtiire  of  the  boijy  i;^  from  2'  to  5*^  wanner  than  that 
of  the  meilium  lu  wliidi  they  live.  Heal,  which  U  a  mode  of  motion,  is 
generated  whenever  etronger  chemical  affiiiities  than  those  which  wt^re  pre- 
viuu«ly  in  aulion  are  sati^Hed;  hence  the  temperature  ri^^  in  muscles  that 
are  nmdc  to  contract,  and  in  glands  when  they  are  in  the  active  perform- 
ance of  iheir  Ainetioih  The  liver,  spleen,  kidneys,  and  glands  of  llie  intes^ 
tinal  tubi.%M?iih  the  bniin,'' the  muscles  during  exercisie,  and  the  blood* 
itself  are  the  chief  generators  of  beat  in  the  body,  bfK^ause  in  all  these  parts 
active  proceis*es  of  oxidation  are  taking  place  by  which  the  constiiuetita 
of  thes4?  organs  and  tii*snes  are  reiluced  to  lower  and  more  stable  planes 
of  coraposiition  and  a  certain  amount  of  force  is  set  free  in  the  form  of  heat. 
We  shall  now  inquire,  in  the  first  place,  into  the  amount  of  beat  thua  gen- 
era te<l  by  Muu ;  and  then  iuto  the  sources  of  its  production* 

425.  Our  present  knowledge  of  the  ordinary  Temperature  of  the  Human 
B<»fly  under  different  cirenmsUnces,  is  due  to  the  investigations  of  a  multi- 
tiiiie  of  observers,  references  to  many  of  which  will  be  found  in  Wnnderlich's 
exhaui?tive  treatiee.  A  series  of  ol^er vat  ions  made  by  Dr,  J,  Davy  *  included 
114  individnals  of  both  ssexeg,  of  diiferent  age?,  and  among  various  races 
and  different  latitudes,  and  under  various  tetnperatures;  the  external  tem- 
penUurc,  however,  wai*  in  no  instance  very  low,  and  the  variations  were  by 
no  mcjins  extreme.  The  mean  of  the  ages  of  all  the  individuals  was  27 
jfeans.  The  Jbl lowing  U  a  general  statement  of  the  results,  the  temperature 
of  the  body  having  been  ascertained  by  a  thermometer  placed  under  the 
tongue : 


Tempftfuture  of  Ihc  air^ 


Htun  uf  alt  the  estporinipnl*, . 
Lowra  t<?mperaime  of  Hir,     . 


Average  temperature  of  the  body, 


Merttj  of  flll  the  RxperiTiienta, 
Hight.*st  temperrtturo  of  body, 
Lowest  teinpefiiturtj  of  body, 


100° 


From  this  w^  see  that  the  variations  noted  by  Dr»  Davy,  which  were  evi- 
dently in  part  the  consequence  of  variations  iu  external  temperature,  but 
which  were  aho  partly  attributable  to  individual  peculiarities?,  amounted  to 
5 1  degrees;  the  lower  extreme  might  be  found  to  undergo  still  further  de- 
pression, if  the  inquiries  were  carried  on  iu  very  cold  climates,  Wunderlich  * 
gives  as  the  result  of  the  numerous  observations  made  by  himself  and  others 
of  late  year^,  a  lower  mean  temperature  than  Dr,  Davy,  and  stake  that  the 

»  I^Clore  IX,  Med.  Tiinefi  and  GiiK  ,  Jrtn.  17th,  ISHS. 

*  S*i*  Wiriic'friitit,  in  Sirieker's  M*h1.  Jtibrbiicbcr,  1871,  p.  ISO. 

»  Um1f"iii»nio,  Prtat^*r's  ArchW,  M   iii,  p,  504,     Funk**,  Physlologle,  1 87.1,  p.  300, 

*  Set?  Citim^ei',  On  Ucat  GeneniiiKl  in  tbo  Blood  during  AnorUiUsiuion,  liritp 

AMOiJ-   K".^f>l^^N»  1871. 

*  Ste  Armi*«mit'iil  nnd  Phys^joJogical  Ri?sonrche«,  Wun-lGrlich'i  tr«*atise  has  bei3ri 
Imn^Utitl  by  Dr.  Woo4iniin  for  thr  New  Sjd.  SociHy.  Sm  id  so  Brown^Setjuard 
^  Jimrnul  d"  Irt  Phyj-itdoyitj,  1859,  p  641>s  whitsi*  C'X|M^rimcni^  ef&cntiidly  carruburiit^ 
tUose  Iff  Dr  Bavy,  jij  wt*\[  as  tbu  ulder  on^.*  of  MM.  Evdmii  i^nd  Houtoyet  (Cmnpteft 
Ri-ndtHi  1836,  p*  157),  cxcr-pt  Ibut  he  found  n  i^renicjr  ditrerciice  in  tbe'tom|iyritture 
cf  th«?  in*?n  tio  eiammed,  ihough  the  vHrlwIkm  uf  itie  itLnii^spIieric  Icmperuturo  whs 
much  l&si. 

*  Loc.  cit.,  p  82. 
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mtjge  of  normal  temperature  in  the  ajtilla  m  frum  97/25^  Fahr.  tn  91»J 
and  that  the  mean  normtU  temptrfilure  iw  98.6^  F.     The  meao  t*!iiif 
appears  from  Dr.  Crombie*s  ubsiTvatioiis'  to  Im*  a  little  higher  in  the  i 
of  ludia.     It  is  also  higher  in  Icelttnder^/  whilst  h  is  ms  much 
lower  io  Africans.*    Bex  and  Pregnancy  in  woroen  make  n^  dilTer 
the  mean  temperature,  though  a  slight  augmenlation  of  0.3^  F.  i.-*  (  " 
during  lahor  pains.     Amougst  the  most  im  porta ut  of  these  vartatioa 
o<?eur  io  the  temperature  of  the  body  are  those  depeudent  upon  Ap\  1 
of  the  day.  Exercise  or  Repose,  Ingeatioo  of  Food  or  Drink,  and  Exurri 
Temperature. 

I.  The  temperature  of  Infants  just  born,  according  to  the  ob^rrviitioni  s 
AndraK  Dn  Davy,  AL  Eogtr/  and  Dr.  G.  C.  HuUaiKt,^  U 
than  that  of  adults,^  provided  that  they  are  plac-ed  in  cw.. 
to  \U  sustenance  J  but,  as  wiU  be  shown  hereafter,  iotbnr^    .   ., 
dren  are  very  inferior  to  adnitd  in  their  power  of  rt-i^ he, _    t 
influence  of  external  cold.     Their  temperature  liefore  birtli    -        r 
than  that  of  the  motber^a  uterus  or  %^agina,'     When  exaimiu  ii  < 
after  birth  by  a  thermometer  in  the  ascilla,  It  U  nejirly  100^  ;   1   < 
(2  liours*)  fails  to  about  95,5"-',  and  gradually  rises  in  the  cour- 
twenty- four  hours  to  about  97,7"^  in  weakly  ^abject^.  and  to  ti 
infantis.     Between  four  months  and  six  years  of  ugc,  M,  It*^-  i 
average  temperature  to  be  98.9"*;  and,  between  six  and  foiirteen; 
age,  99.1*3^.     Dr.  Finlavs^on*  stated  that  from  I^OO  observations  ma 
children  he  bad  sati.^tied  himself  tlmt  in  them  there  was*  a  minimuni 
about  IQ  p,M,  to  3  a.m.,  a  gradual  rise  during  the  early  dkm  '     mM 

maximnni  dnrlng  the  day,  and  a  tolerably  rapid  full  during 
of  the  evening.     The  average  niuge  of  temperature  ammnjted  Uj  m^m  thw" 
3^  Fahr.,  aud  this  variation  he  believes  eaunot  be  expliunL^d  by  fefen»nef H* 
the  diurnal  range  in  the  temperatui'e  of  tlie  air,  to  the  influt-ntv  of  darlijM^ 
of  mu.^cular  exertion,  of  food,  or  of  sleep^  but  is  simply  an  expr^a^ii^ii  m  j 
daw  of  daily  periodicity  affecting  the  bmly/'^— The  Temperature  of  iKpfirf  pe^ 
sons,  from  the  observations  of  Dr.  J.  Davy,  doe^  not  wet^m  to  be  liefuv  tint 
of  persons  in  the  vigor  of  life,  provided  that  there  be  no  t"*xt4.*rnal  deprmsiofJ 
influeuees;  but  they  seem,  like  infants  and  young  child ren»  lo  have  kmi 
power  of  resisting  external  cold,  the  temperature  of  their  bud  it**  beio^  mors  I 
easily  and  considerably  reduced  by  it  than  is  that  of  adulu  :  antf  hwK*  ' 
probably  it  has  happened,  that  popular  opinion  assigns  to  them  au  habitutUf 
i n ftsrior  tern  pe ra tu re, 

ti-  A  slight  diurnal  variation  in  the  temperature  of  the  !jo<!v  appem 
usually  to  take  place,  quite  irrespectively  of  external  heat  or  i  '  -  '  f^i^ 
does  not  ^eem  to  be  very  constant  either  in  its  period  or  its  ^  ■  ^^ 


1  Indinn  Annals  of  Med,  Seience,  No.  xxkIL 

'  Tliomften^  U*?ber  Kranliheiten  auf  Uljind,  ete.^  p,  24. 

*  Liviit|Ljsi*»rjt!,  Tmvels  in  Soutli  Al'riCHi  p,  oO*J. 

*  Arcliiv.  G(?n   do  Mod  ,  1844.  *  Iiujiiiry  rnt^j  the  Law*  iif  I 
"  Dr.  W.  I\  Edwurdi  (On  Iho  Influeiieo  of  Fhysk*nl  Ag*>«t*  ♦*?*  I  i' 

Ra  tbif  rf*ultt>f  his  ob&<*rv»nion9.  wJiUb  were  m\\y  ttm  In  m 

ture  of  inTiOiU  i;^  hi  wit  lliiiti  lluit  »tiiU*d  ittHivc^;  l>ut  it  U  (U 

tfon*  wcpti  made  durinj;;  iliu  puriud  uf  di'pres*ion  which  intur?  in   ur^  nrpi  i-  «  -a-/ 

wliibt  lUt!  res|driin»py  iunctiitn  is  bi*L'omi»»iyf  t<«!lHbH!slK*d 

'  UftrpJisprung^  MaUer'a  Arebiv,  I8&i    "Slt  niso  Aiidrnl,  Omiptt^  Ri^ndi^  t  ^ 
IBTO,  p,  ma. 

'  Dr  J-  Mrtfliigun,  Trnnsact.  Roy,  Soo*  of  Edlnb  ,  1870 j  ttbeiriwrl  in  Ladc'L  A<< 
13th,  1870.  p.  '^J3, 

'  In  a  papt?r  rciid  bcture  ih©  Phil,  S<>c.  of  Gln8gow»  Dw,  8d,  18T8. 

»<*  SklE  (Jdhrb.  f.  Klnd.-iidlk.,  Bd.  Iv,  1871,  p.  4Hj  i$  in  accord  wiUi  Ftflr-  ' 
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seldom  very  considerable.  The  concurrent  observations  of  Dr.  Davy,  Dr. 
W.  Ogle,*  t>r,  Jiirgenscn,*  and  Dr.  Casey,'  sliow  that  the  body  is  wannest  in 
the  morning  and  coldest  at  night.  Dr.  Ogle  found  that  the  tempenituro 
rose  from  morning  till  late  in  the  afternoon,  after  which  it  fell  till  oedtimc. 
The  lowest  temperature  occurred  about  daybreak.  The  average  diurnal 
variation  was  about  1.5°  Fahr.  The  minimum  temperature  noticed  was  97° 
at  5.30  A.M.,  in  winter.  The  maximum  was  100.6^,  whils-it  in  a  Turkish  bath 
of  120°.  The  extreme  oscillation  of  temperature,  therefore,  was  not  more 
than  3.5°  F.  in  health.  Dr.  Jiirgenseu  found  the  diurnal  variation  to  amount 
to  from  1.8°  to  3.6°  F. ;  the  minimum  occurred  from  1.30  a.m.  to  7.30.  The 
temperature  then,  with  some  fluctuation,  rose  till  4  p.m.,  when  it  attained  its 
maximum,  which  lasted  till  9  p.m.  ;  and  after  this  it  again  fell.  Dr.  Casey 
found  his  mean  temperature  during  the  day  to  be  98.07"^  F.,  the  mean  range 
of  temperature  1.61°  F.  The  maximum  range  2.5°.  The  maximum  tem- 
perature was  at  7.30  p.m.  Sydney  Kinger  and  P.  Stewart*  give  the  average 
maximum  temperature  for  persons  under  twenty-five  years  of  age  at  09.1° 
Fahr.,  of  those  over  forty  98.8°  F.  They  find  the  period  of  highest  tem- 
perature extends  from  9  a.m.  till  6  p.m.,  the  lowest  is  about  midnight.  These 
oheervatioDs  correspond  well  with  what  has  already  been  pointed  out  with 
r^ard  to  the  relative  activitv  of  the  respiration  (§  311,  viii  and  ix)  and 
circulation  at  different  periods  of  the  twenty-four  hours.  As  a  rule  the 
temperature  of  the  two  sides  of  the  body  is  alike,  but  Blake  ^  has  observed 
that  the  right  side  is  sometimes  as  much  as  1°  F.  higher  than  the  left  during 
exertion,  especially  in  the  sun. 

III.  That  an  increase  in  the  heat  of  the  body  is  produced  by  exercise,  and 
that  repose  tends  to  its  reduction,  is  a  matter  of  familiar  experience ;  but 
the  observations  of  Dr.  Davy  show  that  there  is  scarcely  any  perceptible  dif- 
ference in  the  heat  of  the  deepseated  parts,  the  augmentation  and  depres- 
sion being  confined  to  the  extremities.  Thus,  on  one  occasion  recorded  by 
him,  the  tem})erature  of  the-air  of  the  room  before  walking  being  60'',  that 
of  the  feet  (shown  by  a  thermometer  placed  between  the  toes)  being  only 
66^,  that  of  the  thermometer  under  the  tongue  being  98°,  and  that  of  the 
urine  being  100^', — the  temperature  afler  a  walk  in  the  open  air  at  40°,  the 
exercise  having  diffused  a  feeling  of  gentle  warmth  through  the  body,  was 
96.5°  in  the  feet,  97°  in  the  hands,  98°  under  the  tnw^uo,  and  101°  in  the 
urine.  So,  on  another  occasion,  the  temperature  having  been  60°  in  the 
room,  75°  in  the  feet,  81°  in  the  hands,  98°  under  the  tongue,  and  100°  in 
the  urine, — after  a  walk  in  air  at  00°  the  temperature  was  99°  in  the  feet, 
98°  in  the  hands,  98°  under  the  tongue,  and  101.5°  in  the  urine.  These 
eflects  are,  therefore,  in  all  probability,  chiefly  due  to  an  increase  in  the 
energy  and  frequeiK*y  of  the  heart's  contraction:?,  by  which  means  the  warm 
blood  is  driven  with  greater  velocity  through  the  extreme  ca])il]aries,  im- 

?arting  its  heat  to  the  surrounding  parts.     Marcel*  found  in  the  ascent  of 
_Iont  Blanc  that  when  at  rest  the  temperature  of  the  body  did  not  vary 

•  St.  Georj^e's  HospitHi  Reports,  vol.  i,  n.  2*21.  Dr.  Og!(?'.s  oxporinn*nt8  woro  inndo 
on  two  healthy  lulult!*;  the  temperature  Deiiipj  taken  by  iiitroduoing  a  warmed  s^elf- 
rtgijittTin^  thermomett^  three  or  four  times  a  day  under  the  tongue,  and  retaining  it 
in  that  poi<ition  for  several  minutes.     They  extended  over  a  year. 

•  Dcuttches  Archiv  f.  Klin.  Med.,  Bd.  iii,  p.  100.  Dr.  Jurji;en.«5en'*  ('.\i»eriment8 
ext»*nded  over  three  dav-s,  and  consisted  in  readinir  off  at  inlervalff  of  five  minutes  the 
indicHtion.s  of  a  thermometer  permanently  retained  in  the  rectum  at  a  depth  of  about 
two  incbeF. 

»  Lancet,  vol   i,  1873,  p.  200.  *  Proeetnl.  of  the  Roy.  Soc,  vol.  xvii,  p.  287. 

»  E.  Blake,  Mc»d.  Times  and  Gazette,  Oct.  1871. 

•  Archiv.  des  Sci.  Fhyfiqucs,  t.  xxxvi,  p.  247. 
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very  murli  at  different  heights-     In  the  ascent,  na  Lortcl'  ol>=iefTed,  ibe  \m^\ 

ternal  tenipurature  of  the  body  fell  during  exerrlse,  cfiped:>^^<^  « 
sturuaeh  wa?  empty,  aud  the  skin  was  freely  perspiring— to  a  J 
that  was  almost  proportional  to  the  height  ascended.  When  uw  it^uh-Mi 
malaise,  so  often  complained  of  by  Alpine  travellers,  or  tHflf/  rfr  himiMm!, 
was  most  evident,  the  temperature  was  lowest,  and  the  senBalioa  wa^  be* 
removed  and  the  terni>erature  raised  l>y  frequent  inget^tiuii  of  f*MidL  Tb* 
observations  of  Clitford  Allbutt^  do  not  support  the  slaten^  *  '  r 

he  found  that  with  one  or  two  exeepti^nis  the  tendency  of  ■  .  ,  II;  . 

climbing  was  to  elevate  the  temjierature.    The  forenoon  rihe  ocmiJv*i  earlier, 
and  the  evening  fall  liad  often  reached  the  night-levei  at  9  P.M.    Th«  diie^ 
ence  wa-*  probabiy  owing  to  the  differ€*nt  jihvsique  of  the  two  cybecsrTenL 
Passive  movement  (swinging  or  rockijig  tor  fifteen  minuter )  wa«  fouiMl  hf 
Manassein'^  to  hjwer  the  teniperatui'c  of  rabbits  abtiut  P  Fahr.,  eifen  wm 
they  were  carefully  protected  from  draught.     The   depreti^iou   r^^ied  ili_ 
maxitnum  half  an  hour  after  the  swinging  had  ceased,  and  ht^ttd  ttr  Xw^l 
hours,     Tlie  ex  peri  meets  of  varieus  obiervers,  moreover,  huvt*  .Nhtmn  tlmli 
certain  amount  of  heat  is  developed  dnriug  the  active  eouCracttou  of  oio 
lar  tissue,  the  ri^e  in  temperature  of  a  inn^cle  like  the  Bicej^j^,  nAer  a  \ 
powerlul  contractions,  being  as  much  m  V  Falir.;  arid  thl^  lncn?«^  ta  itnhl 
perature  may  be  reganled  a:*  due  to  llie  increased  energy  of  fV       '     I'l^! 
changi^,  and  in  gome  measure  aUo  to  the  met  hajtieal  efft^cii*  ul 
taking  place  in  tbe  eontractiug  mnsi?le.     It  h  remarktibb'  i" 
creajse  of  the  frequency  and  esctenl  of  the  rei*pirutnry  n, 
space  of  ten  minute,*^,  or --nsj>eij6?ion  of  the  re^ftimtiou  ut  the 
inspiration,  alike  pn>duee  a  dee  line  in  the  lcmpeniU*re  of  the  b!. 
by  that  of  the  nkin  over  the  radial  artery;  in  the  former  ease  amountii 
M.  LomhardV  experiments*  to  as  mneh  as  2^  Fahr.     IVrhapi*  in  thiJi 
a^  Df^,  Wilson  I'hilij^  Hasting?,  and  C,  J,  B.  Williams  have  ^miritml  uull 
takes  place  in  the  j>erformwnee  of  artiticiHl  rcj^pinttion,  the  coolin.^  itT-Hwfl 
the  air  intn>dnced  is  greater  than  the  warming  effect  of  the  rt  ^m- 1 

eess*?^  to  which  it  beeomt^  gubservient     Cinneiilentully  with  ^ n-  u^se 

of  the  respiratory  movements^  however,  there  is  dimiuiitirm  of  the  fuit* 

and  tension  of  the  pulse,  as  .shown  by  the  sphygmograph,  which  may  to 

some  extent  escplain  the  fall.     It  thus  appears  that  the  icmpenitnri!  ijI'  tht 

body  is  not  raised  by  exercise  to  the  extent  that  might  be  cm 

crciisu  beyond  a  certain  point  being  provided  for  hy  njore  mi 

the  quicker  circulation  of  the  blow!  through  the  skin,  and 

quicker  cooling  by  radiation,  sweating,  etc-,  so  that,  as  Wuivflrr 

the  opposing  conditions  of  the  loss  of  force  by  mechanical  work  n ;  ^^if 

cooling,  and  on  the  other  hand  the  overplus  through  aitgiucM  "^ 

action,  com pensaltj  each  other  in  hesihh^  and  thr  fif ml  J ijiWriux  oj  ixmi/ef^ 

tftre  dnruiff  red  and  during  luhor  is  extremely  triHing* 

IV.  The  influence  of  Int^tMon  af  fund  upon  the  tempera  tun?  of  the  My 
was  found,  in  I>r.  Ogle^s  and  in  Dr.  Jiirgensen's  ex|ierinient».  »«<  fAu^  i 
slight  elevation  of  the  temjx-rature  Ixjth  of  the  mcinth  ami  i'  ?=>* 

unless  wine  were  consumed,  when  a  decline  occurred.     Dr  .^  ^^ 

Be r veil  no  change  beyond  a  slight  depression  of  the  menn  diurnii  " 

afler  fasting  for  26  hours  ;  but  when  the  ab!!itinence  was  proJongro  m  u  \^  i^^^ 
of  62  hours,  the  mean  diurnal  temperature  rose  and  the  usual  jk* riod  *if  ^ie* 


1  Cenlrnlblatt,  18C9,  p.  781. 

*  Jourawl  of  Anntomv  ttnd  Phy§iologv»  18T3,  Tol.  vil,  p.  117- 

*  PflugcT'ji  Arehir,  lid.  iv,  1871,  p.  m 

*  Browji-B^uard,  Arcbivei  do  Fliyitologbp  t.  i,  IS68,  p*  I7t* 
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prp>^if>u  Hid  not  oecnr.  Dr^,  Ruiger  aiul  Rickards^  have  shown  that»  cxeept- 
ir^g^  in  tha-**'  who  are  [unch  afciistomf^il  to  its  u?e»  the  iiigeation  of  alcohol  ix^ 
c**nsiHerabIe  closes  etiuse^  a  reiuarkablc  diitiimUion  of  temperature,  aitiount- 
ing  ID  ^ime  ernes  to  ahgut  3"^  Fahn  lu  rabbit:*,  the  injeetion  of  aleuhol  into 
the  rectum  caused  a  (lepre^siou  of  the  imimal  heat  aiii<iunli»g  to  15^.  They 
found  that  alcohol  iu  variQU^  dos^e.^  prwhica4  only  slight  and  temporary  de* 
pre^^^ion  of  the  tem[>eniture  of  febrile  persons;  and  consequently  that  although 
when  indii'ated,  it  will  act  to  some  extent  benefieially  in  virtue  of  iU  power 
to  cnmt  some  diminution  of  the  tempemture^  yet  it  run  not  bring  the  tera- 
pe^mtiire  of  febrile  pei^ons  to  that  of  healtlu  The  eic|>enments  of  Dr.  W. 
Ogle,'  and  of  T:?ehesi?hichin,'  are  confirmatory  of  the  pree<xliirg  res^ult*.  Dn 
Og ! €  fo « n d  th at  tea  eau &ed  a n  e  1  c va ti oti  of  tetnpe ratu  re,  Co m  mon  e x  pe ri en ce 
leads  to  the  eonclusion,  that  after  a  meal,  m  after  exercise,  tliere  i^  greater 
warmth  in  the  extremities;  but  Dr  Davy*s  observations  show  that^  in  hi^ 
own  person,  whilst  resident  in  England^  there  wa.s  usually  an  appreciable 
deprc*i*ion  im media tety  after  dinner,  though  in  Barbadoea  the  etfeet  of  a 
niodemte  meal  was  t<»  produce  an  elevation.  In  both  cases,  however,  Dr. 
Davy  observed  that  the  inge.stion  of  tvhte  had  a  positively  depressing  inriu- 
euee  on  the  temperature  of  the  body,  which  increan^d  with  the  <|Uantit^ 
taken  :  and  it  may  have  been  the  constant  employment  of  wine  with  hii 
dinner^  which  wa*?  the  real  causae  of  the  depression  observed  in  England. 

V.  The  influence  of  i^dermd  tempeminre  is  sufficiently  apparent  in  the 
observation!*  already  citeil ;  for  although  external  cold  may  act  in  a  different 
d egree  on  d i  tfe  re u t  i n d  i  v  id  u a  I e* ^  at^^'o ni  i  j i g  to  th  e i  r  res peeti  ve  a ge§ ,  po  wer^  of 
reHisiimce,  etc,  ^ometime.^,  when  lU  action  h  brief,  cau^iing  a  slight  increase 
of  temperature,  yet  there  is  ftnif^le  proof  that  on  the  whole  a  continued  ex- 
pimirc  to  it  rednct!rt  the  temperature  of  the  body  somewhat  below  it>s  ordinary 
standard,  whilst  eontiuued  exp^Hire  to  heat  occanons  a  slight  elevatiou  in 
t he  te  It i  jie  ra t  n  re  of  1 1 j e  bo<] y .  Th e  i  n  H  u e n ce  o  f  eo  1  d  if,  o f  co u  ri«e ,  m ost  pow- 
erfully  exerted  when  the  bo<ly  is  at  rest ;  and  under  ^uch  circumstances  Dr* 
Davy  found  the  tem|H;niltire  of  his  own  body  to  be  redutied,  on  an  average 
of  tour  observations,  to  !r*G  J°,  the  average  temperature  of  the  surroiuuiiug 
air  having  been  37^.  On  comparing  the  bodily  temperature  of  ibffereut  in- 
dividuals working  in  rooms  of  various  temperatures  in  the  same  factory,  Dr, 
Davy  found  the  tongue  thermometer  risse  to  lOQ"  in  one  man,  and  to  IWJ.O^ 
in  another  who  had  been  working  for  some  hours  in  a  room  at  92^  ;  whilst 
it  was  ilO"^  in  a  young  woman  who  worked  in  a  room  at  73^,  and  only  97.5° 
in  another  who  worked  in  a  temperature  of  *iO^.  Dr.  Schuster'  found  the 
effects  of  baths  of  different  kinds,  as  hot  water  and  douche  baths,  was  to 
caufi^e  an  elevation  of  temperature,  and  to  increase  the  rapidity  of  tlje  pulse. 
Horvath,  in  experimeuLij  on  rabbits,  found  that  when  they  are  cooled  down 
by  snow  to  73"^  F.  the  heart  l>eBts  rarely,  excitatioti  of  the  vagus  is  inopera- 
tive, the  intestines  are  motionless  and  uon -excitable,  aspdiyxiation  causes 
ncitiier  augmeritation  of  the  blood-prej^sure  nor  cramps,  but  all  these  phe- 
nouienu  are  rever*;ed  when  the  tent|>erature  is  raised  to  100'^  Fahr.^  The 
hnvest  temperature  to  which  Horvath*  aucceetled  in  cooling  puppia^  with 
gnbsetjuent  restoration  wn^*  40^  Fahr,  Ek^  measured  by  a  tliermometer  in  the 
rectum. — The  effects  of  sreasonal  change  are  less  marked  in  Man,  than  they 
are  in  the  lower  animals,  which  are  more  exposed  to  extremes  of  temperature  ; 
but  it  seems  principally  exerte<l  in  modirying  the  heat- producing  power. 
For  it  has  been  shown  by  Dr.  W,  F.  Edwards,  that  warm-blooded  animals 

1  Proceo^.  of  the  Ruy,  Mcd-Cbir.  Soc,  voL  v,  lSfi6,  p>  209. 

*  Op.  clL,  |>.  28g.  »  Reicherl'B  Archiv^  iefi<?,  p.  !5l, 

*  VJrfhow's  Archiv,  Bd.  xHii.  p.  60,  mm. 

*  Hofvuih,  Wkn,  Ak«dem.,  1870,  J^o.  11.    •  CentralbUtt,  1871,  p.  513. 
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are  mor«fi  speedily  killed  by  extretue  cold  in  summer  than  in  ^  '  ni\ 

eeern^  probable,  therefore,  that  we  are  partly  to  attribute  the  p* 
intiuetice  of  a  cold  day  id  summer,  and  the  oppressiveoe^  of  a  -  .r  ,    i  iv  ^ 
winter^  to  the  seasonal  change  in  the  body  itj^elf;  although  the  t  Ei«-t  r-  I  .ui:- 
less  referfible  in  part  to  the  effect  of  contrast  upon  our  own  feelutgvw^ 

426.  The  u^ual  Temperature  of  the  body  oecasiouaJJy  undergoisg  i*oci««to^ 
abie  altemtloD  m  dhem^ ;  and  this  in  the  way  either  of  in  crease  nr  of  "  ' 
nytioHH  Thus  in  maladies  whieh  involve  an  acceleration  of  r^^^*'  *ml 
quickening  of  the  respiration,  the  temperature  is  generally  higl 
even  though  a  large  jjortJon  of  the  lung  may  be  unfit  for  ii^  i 
k  often  remarkably  seen  in  the  last  stages  of  phthisis*  wbi^n  tf 
are  extremely  rapid,  and  the  pulse  so  tjuick  a.^  scarcely  to  ii*un 
counted;  the  gkin,  iu  such  c4tses,  often  becomes  uhn*>i5t  painfully  h^H,  ( 
the  other  hanrl,  in  diseases  of  the  Cfvntrary  eharactpr»  such  as  "  ini^rba*  rwrn-' 
lens,**  asthma«  and  cholera,  the  tenifierature  of  the  bf«Jy  f^ilU ;  a  rDrluctkm  &« 
7>*°  having  been  notieeti  in  the  former  maladies,  nuir  to  fi?^-'  iti  the  ' 
The  range  observed  by  M.  Andrai  in  diseases  which  les^  fiflt-^^tpd  th^ 
fying  function,  was  from  95^  to  lOLS"^;  and  hyM,  \' 
eases  of  childreti,  from  74,3''  to  108.5^.  Prof.  Dung  I ; 
&een  the  thermonieter  at  106^  in  scarlatina  and  typhus;  an 
Ilome'^  found  it  to  stand  at  104"*  in  two  intiivi*luals  in  the  ci*l 
intermittent,  whikt  it  afterwards  fell  to  lOl/^,  ami  subsequently  l*- 
ing  the  sweating  stage.  Dr.  Inwards  mentions  a  ca2*e  of  tctanil^  .  *  - — J 
the  temperature  of  the  ho<Jy  roi^eto  llOil^:  The  foM owing  ob^rvalJoiks  bai^| 
been  made  on  this  subject  by  ^l,  Donni*  '*  iu  a  ra!«  of  puerperal  ferer»  ih^^ 
pnlse  being  1G8^  and  the  respirations  48  per  niinute,  the  tempcmta 
104°;  in  a  case  of  hypertrophy  of  the  heart,  the  pulse  h  '  ''^ 

rt*^ pi  rations  34,  the  temperature  was  103^  ;  in  a  case  of 
pube  being  136,  and  the  respirations  oO,  the  t.  itre  wa-  lui   ,  aj 

case  of  phthisic,  the  puli^e  being  140,  and  tht- :  n^  02,  the  tiMOL 

was  102^;  on  the  other  hand,  in  a  cjise  of  jauiuiicij,  in  which  the  pitl 
but  52j  the  temperature  was  only  96*40^  ;  but  the  same  temperaiur« 
served  in  a  ca^  of  dia1>etes,  in  which  the  puli^e  was  84,     Ihesie  limi 
nervations,  whilst  they  clearly  indicate  that  a  ^cft^rfii  relation  ezWta 
the  temperature  of  the  body  and  the  rapidity  of  the  pulse»  a  bo  sliav  thil 
this  relation  is  by  no  means  invariable,  but  that  it  is  liable  to  be  afffcM  bf 
several  causes,  of  which  our  knowledge  is  as  yet  very  slight.     Purwitftiil 
high  temperature  of  the  body  (lOo'^-llO^)  in  febrile  affections  miiaUy  Wi* 
caies  a  fatal  issue.    The  highest  temperature  yet  oWrved  has  been  reportal 
by  Dr.  J,  Teale,  of  8carborough,  who  in  a  cm^  of  injury  to  tbe^piOf'fnB 
a  fall  registered  the  remarkable  temperature  of  122''  Fa^in,  the  pm»  bi*i| 


1  M»ny  of  the  liiwcr  hnimwU.  aa  ibo  3l»riTt0l  iiticj  Uopiiirui«t\  ^ 
wlntfr,  and  ih^iT  tlBlo  hm  br»t*n  vorv  cnrcfully  <*xnminf*d  by  V,. 
vuth   (Centmlhialt,  187**,  |^p.  TO*I,  7*'!,  iind  747).     H*>rvtttb*i%  oi, 
duetto]  ^^n  Mui'miHSi  (Spc*rii!f>pbiki«  I'JtiUup),  which  i»3itst  in  }nr>j 
In  fttpUvity  li<?  firidij  thiit  durrrig  the  winter  ih^y  #t(?ep  fi»r 
Wiikc  for  four  diiv**     During  ihw  iJiHipioir  poriod  ihi^y  vnn  t- 
degree  ibai  a  rJn^piROnvnter  intrtKlii(*e<,i  trila  ib^  n^etum  n*  tb«'  4^  , 
liuif  iiidiuiiied  i>tily  3"^  F*  nbovo  the  fri^eJUing-pciint,     TIip  t-^mi- 
*  aftffr  lilt"'  nninirtl  iiwokr^,  *t>  ihni  in  th^  eunrsf?  t*f  tun  hour  it 
[  eloisft  *if  tbo  *eu<md  huur  tP  F.  higher,  and  nt  tb»  vnd  »>f  Xh* 
JT*     TbeejiufrOiif  this  remnrkHhle  cle¥ittit>n  of  t<>riipfrn'    - 
•Qifeely  cxplicuble  i*n  the  ordiivupy  eh^.^micKt  ihtn^r^' 
tlwre^-pir-iiiiun  n<»r  ib*j  tnuscoUr  tiiav^ornenU  w<'re  Ci>f r«:  ^    : ^.^ 

•  Humiin  Pbyaioloijy,  7tb  edit*,  vol    ji,  p,  22»>. 

•  Mediciil  Fncts  und  Experimtmt**  Loiitftm,  1760. 

•  ArMv.  Q^n.  de  M^,,  October,  IBm, 
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In  thiff  inHtance  the  patieDl  recovered.'  Jaeobsony*  from  expenmeota 
niatJe  witli  iheriiHt-^leftnc  iii&trimient?,  Iieia  mti^fied  himself  that  ihe  temper- 
ature of  iuteiiBely  hitlamed  skin  and  niusclej^  never  rune  m  high  a:^  the  lera- 
j>emture  of  th«  iuiier  pa  Ha  of  the  hody,  which  is  quite  in  accordance  with 
the  dictum  of  John  Hunter,  that  local  inflammation  cannot  rais^e  the  tem- 
perature iiightrr  than  the  degree  of  warmth  found  at  the  centre  of  the  circu- 
lation* It  Its  still  doubtful  whether  the  augmented  temperature  nb.se rved  in 
febrile  diMsas^s  it*  due  to  diminished  elimination  or  to  iucreased  produetion 
of  heat,  but  considering  the  large  excels  of  heat  that  is  developed  during 
the  crisis  of  fevers!  there  seems  to  be  reason  for  believing^  that  Ley  den  *^  view 
in  favor  of  eatceasive  priMlucttou  of  heat  is  correct.* — ^It  is  not  a  little  re- 
markable that  the  temperature  of  the  body  should  frequeotly  n>e  coni*idera* 
biy  <ifW  thath;  aud  this  not  merely  in  euch  cases  as  Cliolera,  in  which  it  has 
undergone  an  extreme  depression  during  the  latter  part  of  life;  but  even  in 
the  case  of  febrile  disorders,  in  which  the  lem|ieralure  during  life  has  been 
above  the  usual  standard.  This  has  been  ascertained  by  Dr.  Benuet  Dowler,^ 
of  New^  Orleans,  on  the  bodies  of  those  yelhnv  fever  subjects  which  have 
already  been  referred  to  as  exhibiting  a  remarkable  degree  oi'  ttwief^idur  life 
after  mmatte  death  (S  2li3).  In  one  case,  for  example,  the  highest  temf^era- 
tare  during  life  was  in  the  axilla,  104^  ;  ten  minutes  after  deatli,  it  ha/l  risen 
to  109*^  in  the  axilla;  fit'teen  minutes  afterward?!,  it  was  XVl^  in  an  incisiim 
in  the  thigh  ;  in  twenty  minuter,  the  liver  gave  ll^i*^ ;  in  one  hour  ancl  forty 
minutes,  the  heart  gave  109^,  aud  the  thigh  in  the  former  incision  lOlP  ;  and 
in  three  hours  after  the  removal  of  all  the  viscera,  a  new  incision  in  the 
thigh  gave  110^  It  is  curious  that  the  maxinuim  beat  observed  ai>er  death 
sfaoidd  have  been  in  the  thigh,  aud  the  minimum  in  the  brain.  The  post- 
mortr-m  rise  in  temi^erature  appears  to  be  essentially  due  to  the  passage  of 
the  muscles  of  the  bo^ly  into  the  state  of  rigor  mortis„  a  change  that  is  asso- 
cialeil  with  ehemtcal  action  analogous  to  that  occurring  during  contraction, 
au<l  acci  f  m  pa  n  ied  by  a  cor  respond  i  ng  el  eva  ti  on  o  f  te  ni  pe  ra  tu  re/  A  c  k  e  r  m  a  n  n 
L#^I0  p*iirited  out  that  the  post-mortem  rise  may  in  part  be  dtie  to  the  persis- 
'*%8lice  of  the  heat-prod ucing  chemical  changes  in  the  deej^er  parts  of  the  bmly, 
whilst  the  radiation  and  loss  of  heat  from  the  surface  by  evaporation  is  re- 
duced liy  the  contraction  of  the  cutaneous  vessels,  and  W under lich  suggests 
that  it  may  be  also  in  sonie  measure  owing  to  the  paralysis  of  that  pnirt  of 
the  nervous  system  which  inhibits  or  regulates  the  generation  of  hcaii  sup- 
posing such  centre  to  exist. 

427.  illthough  there  appeiirs  to  be^  for  all  kinds  of  animals,  a  distiuct 
limit  to  the  variations  of  bodily  tem|>erature,  uruler  which  their  vital  oj>era- 
tions  can  be  carried  on,  this  limitation  does  not  prevent  certain  spjfcies  from 
existing  in  the  midst  of  great  diversities  of  external  conditions;  since  they 


1  Liincet,  March  Cth,  ia75. 

'  Ateufding  lo  LcwilKky  the  febri?(?  ofmdilinn  that  foUiJws  the  injection  of  putrid 
fluids  in  til  tU<>  blcH>d  ia  not  due  In  the  Biioterm  tlint  are  present  ill  siieU  fluid  Cea< 
lr«Hilrvu,  18/3,  p.  7i!3;  «o^  aim  Nnunya,  (*bsira.ct  in  idem,  p,  731, 

*  V  i  rt*  h  f  *  w  *s  A  f  e  h  i  V  T  B^  I ,  I  i ,  H  f  *  ft  2. 

*  Sett  Milner  Futhcrgill'*  p*vper  rend  bpfora  the  Medical  ScKiiety  of  L^^ndon,  P(*m- 
phlct.  IHTa. 

*  Wt!sli'rn  Journal  of  Mndicine  and  Sureory^  June  and  Oct.  1644;  citnd  in  FhiU- 
ddpbiii  Mc^dieid  Exttminer,  June,  ISIu,  andin  Prof.  Dunglls^on^t  Hunmn  Physiology, 
7th  edit.,  voL  ii,  p.  71^ 

«  Se«  the  pflp^?rJJ  of  WaUher,  Centridbltitt  fuF  dio  Med.  Wh»  ,  18(]7,  p,  81*1  ;  Wun- 
dorlioh,  Arc^hiv  d.  Heilkundti^  Bd,  v,  p  20-5;  Hu|jpert,  idem,  Bd.  viii,  p.  321 ;  Fii-k 
Mfvd  Dybkow«ky^  ViHriidJHhrsrhrift  d.  Zurich  Naltirf,  Gf^a«llach,,  18^7;  AfkeraiMnn, 
D^utwhe  Archiv  t  Khn.  yUnl,  Bd.  ii,  p.  359 j  Videniin,  d.  Post^ajwrt.  terap-al^jj- 
gerung  Divert.     Leipzig^  18i!0. 
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hfive  within  theniijelve^i  the  |>ower  of  ci>mf>€n>iAtii3g  f«vr  tl 
tmordiiiary  diegree.     The  mwer  spcms  in  exist  it»  Mnn  r- 
than  in  most  other  animak:  sioce  he  efinnot  only  $nppt>ri,  t'  i*     : 
111) Her  extremes  of  which  eitlier  won  Id  be  fatnl  tn  munr.     In  r    . 
the  tropical  zoDe»  the  thermometer  rises  tVQty  dn\\  thrnu^h  ^ 

of  the  yean  to  110'';  and  in  British  India  it  is  said  u*  ^^^  -^ 

ai  130"^.     On  the  other  hand,  the  degree  of  c^ld  fre<|t] 

Aretie  voyagei*s»  and  qnitc  endurable  under  proper  prcrant 

more  astoni&ihing ;  by  Captain  Parry  the  therniometer  Uu 

as  —5 5^.0  r  87  ^  he! ow  t  h  e  freey. i  n f? - po i  n t ;  by  Ca  pta  i  q  Fra  r i  k  i  n i  a ' 

50^  below  the  freezint'-|Kiint :  and  by  Captain  Biiek  at  ^70^,  *ir  1 

the  freezini^-point     In  brith  ea^^,  the  eiieet  of  the  at' 

on  the  bod y  i 8  g rea I  \y  1  u  fl ii en eed  by  1 1 1 e  oo n d  i t  i o n  of 

refit !  thiiti,  every  one  has  heard  of  the  alino**!  nnbeamblt*  ♦^j- 

the  *'firoeeo/'  or  hot  wind  of  Sicily  and  Italy»  the  actual   * 

U'hich  is  nM  higher  than  has  often  been  experienciKi  wkr- 

comfort  when  ibe  air  m  calm;  and  on  the  other  (*ide,  it  i 

thafc,  irj  the  experience  of  many  Arctic  voyagers,  a  teni 

may  be  sw^tained,  when  the  air  la  perfectly  atill,  with 

than  i^  caused  by  air  in  motion  at  a  tern  pern  lure  fifty  dej--  i 

h  quite  conformable  to  what  iiji*|bt  he  aniicipatc*d  on  phy^^^  i.  |  ►  >  r 

428,  Again,  the  degree  of  mmsture  contained  in  a  beat^Ki  attii  -i  m 
makes  a  great  diflereuce  iu  the  degree  of  elevation  of  tenif»»  n:iturv  • 
may  be  unstained  wlthoul  inconveniem-e.  Many  instances  a  ri^  r.  r.^.r.  . 
a  lieat  of  from  250°  to  280'  being  entlured  in  *iry  air  for  a  cni^^  1  -. 
length  tjf  time,  eveti  by  jwr^ons  tnmeen^tomal  to  a  partirnlarly  ln_'i  i^ 
perature;  and  jjersoni*  whose  oecu  pat  ions  are  such  as»  to  n*tpnn-  u,  ■  m  - 
tain  a  much  higher  degree  of  heat,  though  not  perluijie*  for  nuy  liuj  f 
The  workmen  of  ihe  late  Sir  F.  Cliantrey  were  accnj^tomed  lo  rn:*  -  a  '<^r•u 
iu  which  his?  moulds  tvere  tlried^  whilst  the  floor  wai*  re<l-hor.  uj-i  iv  u»rf> 
momeler  in  the  air  ?tootl  at  350^  ;  and  Chabert  the  **  Fin*  Kh\>j  v.  i- 
ha  hit  of  enter*  ng  a  n  o  ve  j  j  the  te  m  pe  ra  t  u  re  of  w  h  u  'b  wa^*  frt  j  rn  4  ""  i 
it  h  po?i^ihle  that  the^  feat*  might  be  easily  mateheil  by  muny  n  rl. 
who  are  habitually  exixised  to  high  temperatures;  such  aj*  lhf*!*t*  L^mpLuJ 
HI  Iron 'foundries,  Ghiss-houi?e?,  and  Ga8*workf».  In  all  tht'sc  itiN^aiK^e^  tb4 
drvne^of  the  air  facilitates  the  rapid  vaporization  i4'  the  tluiil  whtMr  i«ei^ 
tion  by  the  Cutaneous  glandulse  is  promoted  by  heat  appticiJ  to  iht?  sniHbci; 


'  The  Author  hn*  h^tttn  in  formed  by  Sir  John  Kichnrd^n,  tli*t  fn  hit  hift  4r 

Eicpt-diHtmi  wloUtHl  winli<r  qunM»*f*»  Iim  wkh  HcciiHtni^mtnl  li*  ^tt  from  hW  tftUuf'f' 
to  titp  mngri«?tjt:  ob?L'rviitnry  n%  a  ^Uori  dbtiincc  (nbont  un  ordiniirr  ttjvvi'ft  hr«i4tl.vl 
wi  I  hi  H II  Jl'i  •  I  i  n  y  it  n  ei-'ii^siv  r  y  i^  v  en  to  j  m  t  on  ii  i*  ir*m  t  e«  «i  T ;  si  1 1  b  o  » „  '     '      ^  rxijMrAtliri 
of  Iho  riirnirr  wsts  Hbmit  fjO^^  nnil  Ihi^t  of  llo*  wir  llifnti^ii  whiili  ^  |44»U»€k 

hitter  WH^  — SO**,  the  dilfi*rrm't*  lw*ihg  KK)^.     Thi*  immunhv  Ifo  ,rf  .-.-t^ 

WHS  cliiffly  itttributJibJe  tn  Ih"  iit'tjntns  nod  atHiHrxM  of  tfjt?  «f 
woclljy  of  note  tlrwt  Sir  J  Kitdiiird^tin  Hiid  th*>  wIm»U*  t»f  hii  pun 
iib^iiiitied  cntirt'Lj  from  nlcoholrc  U(]Uor»;  fir>4  tli«  Author  hnii  \ 
d^urnncet  that  his  fsxperi^nee  on  tliii*  OL-oimun  rully  bare  ciut  UU  [  ,    . 

lliHl  Clint inu*^  s<?vert!  coUl  is  mnth  hetUr  bortm  without  rtvourti!  tt*  Uif»t  ttis 
tbuii  under  the  Dinph*ynu*Kt  of  tbt^ni, 

'  Tbfi  wundcrful  feiitfl  pcj-furfurd  by  uistny  indivldimU  ff         ' 
pi  HE  Ih**  bntjd  into  m<'lt«»d  Jend,  JHyini:  \uA4  t»f  u  ri^  hot 
cently  sbnwn  by  M*  do  BHiijti;?ny  to  bt^  ev|ilpi?nh}e  upon  verv 
in  nW  mu'h  cmi^  a  thin  film  of  nipicnuH  ftnti)   tri  liny  **  apli 
K4w**t*n   Mio   ekin  find   llio  lu*Mtr'd  *iirf*icf< ;  nnd  ti  bmiif  v. 
or  which  hn!a  been  sUirhily  nioiAtcnr>d,  mny  bo  snfi^ly  ] 
it&n  iM   it  Hows  from  the  fur»>ir«^;  ns  wa«  di^nKiTlHlrn; 
meiHing  of  the  British  A^&oemtioa  tit  Ipawicb  in  1S6L 
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and  the  larf^  amount  of  caloric  which  is  consumed  in  this  chnnge,  is  for  the 
mo0t  part  withdrawn  fn)m  the  body,  the  temperature  of  which  is  thus  kept 
down.  By  some  experimenters,  as  by  Ackermann,*  an  attempt  has  been 
made  to  show,  that  the  lungs  as  well  as  the  skin,  constitute  a  regulating 
mechanism  for  preserving  an  equality  of  the  temperature  in  warm-blooded 
animals ;  since  if  an  animal  be  exposed  to  a  gradually  increasing  tempera- 
ture its  temi>erature  rises,  but  its  respirations  also  increase  in  number,  quite 
apart  from  the  deficiency  of  oxygen  or  increase  of  carbonic  acid  in  the  blood, 
and  ultimately  a  form  of  dyspncva  is  produced,  due  simply  to  heat.''  The 
increaseil  number  of  respinitions  on  exposure  to  warm  air  does  not,  according 
to  Riegel,'  occur  in  rabbits  and  dogs  in  which  the  spinal  cord  has  been  divided 
high  up,  and  the  temperature  of  the  animal  continues  to  rise.  In  Kiegers 
experiments  on  animals  under  the  influence  of  woorara,  and  in  which  artificial 
respinition  was  maintained,  all  conditions  of  the  experiment  remaining  the 
flame,  the  temperature  invariably  fell  in  proportion  as  respiration  was  (juick- 
ened.  It  is  difficult  to  say  whether  the  |)ower  of  generating  heat  which  the 
body  possesses  is  capable  of  being  stdf-rcgulated  or  governed  in  conformity 
with  the  external  conditions  that  may  at  any  time  be  present ;  that  is  to  say, 
whether  when  the  body  is  exposed  to  cold  more  heat  is  produced,  and  when 
to  heat,  less.  Liebermeister*  found  that  in  a  cold  bath,  or  on  exposure  of 
the  surface  to  cool  air  (54^-70^  F.),  the  temperature  of  the  interior  of  the 
body  in  the  first  instance  rose  slightly  or  remained  stationary,  though  it  fell 
after  long  immersion  or  exposure.  It  fell  also  after  removal  from  the  cool- 
ing influence.  This  he  explained  by  considering  that  the  body  possesses  the 
power  of  generating  more  heat  when  required,  though  this  power  is  limited  ; 
whilst  the  secondary  fall,  when  there  is  no  longer  any  withdrawal  of  heat,  is 
due  to  the  cooling  of  the  blood  circulating  in  the  capillaries  of  the  cool  skin. 
Kering^  endeavored  to  furnish  a  further  proof  by  showing  that  with  increase 
of  external  heat,  or  by  preventing  the  body  from  losing  its  temperature,  a 
diminished  production  of  heat  takes  place.  Jurgensen*^  and  Senator'  op- 
pose these  statements,  and  maintain  that  when  the  body  is  exposed  to  cold, 
there  is  no  increased  production  of  heat,  but  the  superficial  veA?els  contract, 
and  a  badly  conducting  superiicial  layer  of  tissue  exists,  so  that  the  blood 
in  the  deef)er  organs  is  prevented  from  giving  off  its  heat,  and  thus  with 
unaltered  production  of  heat  may  rise  in  tcmjK'rature.  As  soon  as  the  ex- 
posure to  cold  ceases,  the  cutaneous  vessels  dilate,  and  the  blood  circulating 
through  the  cooled  part  leads  to  a  fall  of  temperature.  Funke^  considers 
that  the  rapid  rise  that  occurs  in  the  temperature  of  the  body  in  animals 
that  have  been  thoroughly  cooled,  when  placed  under  favorable  circum- 
stances, is  in  favor  of  Liebermcister  and  Kering's  views.  P]xposure  to  in- 
tense cold  causes  a  fall  of  the  temperature  of  the  whole  body  from  the  first, 
and  ricf  vemt  during  exposure  to  a  hot  bath.  The  temperature  may  rise 
above  that  of  the  bath.' 


*  Archiv  f.  Klin.  Med  ,  lid.  ii,  j>.  801.  See  W<»«jdinun's  Abst.  of  Kio^ul's  ytnuvr  in 
Lond.  Mod.  RtiN.rd,  1874,  p.  744. 

'  S<^o  .MlHi  Kick  and  Goldstein,  Uober  Warmdv.-pncRn,  Inaiig.  Abhand  ,  ^Vdrzhurg, 
Wrhaiid.,  1871. 

»  Virchow*  Archiv,  Bd.  Ixi,  Hoft  IJ. 

*  Archiv  for  Anatomic  ii.  lMu>iol.,  18»^0,  pp.  320  and  589;  1^01,  p.  *JH ;  1802,  p. 
061  ;  Archiv  f.  Klin.  Modicin,  Bd.  v,  p.  217. 

'  £xp<rrirni'nt.  BtMtrhir,  zur  Kcnntni.«.s  d.  Wannerpgiilirung  Dis.«.,  Dorpat,  1801. 

•  l>«fuL*ch.  Archiv  f.  Klin.  Med.,  Bd.  iv,  p.  ;i2:5. 

'  Virchow'*  Archiv,  Bd.  xlv,  p.  351 ;  Bd.  I,  p.  .3r)4      «  Phvsiologic.  187H.  p.  308. 

•  Schuster,  DcuUcho  Klinik,  1804,  pp.  2K3,  220,  248;  Uohrig  and  Zuntz,  riliigrr's 
Archiv,  Bd.  iv,  p.  57  ;  Miirri,  Del  potcre  regulatore  della  tt^mpcratura  animale; 
I'ainphlct,  Fircnzc,  1873  ;    Koscnthul,  Contralblatt,  1872,  p.  840. 
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429,  Exposfure  to  a  very  elevated  temperature,  however*  if  CT»iitTfi««d  fbri 
siifBcicni  leugtb  of  time^  doe^  pmduee  a  eertaiii  elpvnfii>n  ^^  ^*'"'    -*'*>- 
body ;  as  niiglit  be  expected  from  the  statemeiUr  aln^ndr  m:i«^ 
the  variation  hi  the  heat  of  the  body  with  changes  in  ntm  : 

tyre  (1425).     In  the  expermieuts  of  MM.  Berger  ainl   ' 
found  that,  after  the  body  bad  been  expo^d  to  air  of  I2u    -i 
Ute^,  a  thermometer  placed  in  the  mouth  rose  nearly  7'^  abnvi 
temperature;  it  may  be  remarked,  howeirer,  that  a^  the  bwly  w^  misiuiT^l 
in  a  ch)5e  box,  from  which  the  head  projected  (in  order  h^  avoid  tli^drmt 
influence  of  the  heated  air  on  the  temperature  of  the  m^  f  - 

tn^obably  become  charged  with  the  vapor  exhaled   from  -m 

ifld  therefore  somewhat  of  the  effects  of  a  moist  atma^pherc.     At  any  ratr, 
the  temperature  of  the  body  di*e^  not  appear  to  rise^  under  any  cimna* 
Stance,  to  a  decree  very  much  greater  than   this.     In  one  rif  ibe  eipcrv 
mentB  of  Drs.  Pbrdyce  aud  Blagden,*  the  temperature  of  a  I>og,  dial  h»A 
beeu  fhut  up  for  half  au  hour  io  a  chamber  of  which  the  temjit-rainrt:  wm 
between  ^i^O"*  and  23^",  yvm  found  to  have  risen  from   lOP  lo  tkU    '   '^'^ 
MM.  DeJaroche  and  Berger  tried  j^cvcral  experiment*  on  filfft^rent 
animals,  in  order  to  ascertain  the  highest  temperature  to  which 
conkl  be  raised  witlHuit  the  dt?struction  of  life,  by  inclosing   tb#  i      i 
heated  from  122^  to  201°,  until  they  died;  the  retfiuh  wa*  ver- 
te m pe ra tu  re  of  t  h e  boi i y  a 1 1  h  c  e n d  of  t h e  e x  pe ri  n i e n t  * m  1  y  ' 
diflereiit  species  between  IP  and  V^'^  above  their  natural  slao', 
it  luiiy  he  inferred,  that  a  sudden   elevation  to  this  degree   t^ 
Thi!?  devatiou  would  be  obtained  comparatively  snou  in  a  intji 
pa  rt  f  y  beca  ii  &e  of  th  e  greater  co  n  d  ui'  ti  n  g  pi  *  w  er  o  f  the  r  u  t-  d  i  n 
pally  ou  account  of  the  cheek  which  h  put  upon   the  vapor 
fluid  setrreted  by  tlie  skin.     Even  here,  howevi^r^  cuf*tom  aud 
stitulion  have  a  very  striking  influence;  for  whilst  the  iubul 
country  are  unable  to  t^uetain,  during  more  than  10  or  12  mih  .. 
gion  in  a  vu|H)r  l>ath  of  the  tenqjerature  of  110'^  or  120^,  iJip  Fiin 
antrj'  reiimin  for  half  an  hour  or  nu>re  in  a  vapor-baih»  whcisc  in 
tinal'ly  rige^  eveu  to  158^  or  167*^.     HouchH*  has  endeavorrd  u  -I 
when  ^mall  animaU  are  exposed  to  cold^  death  results  from  nhang*-*  t>-L^f- 
ring  in  tlie  blood-corpUMilei*-  Walther^  hiw  reft*rred  the  liital  iAstiftiMiiiiiMJi 
of  the  nervous  system.     But  Benmrd/  w\w  has  made  many  *  ^  *  ^' 

this  pjunt,  attributes  it  to  the  toxie  iuflucuee  of  heat  tin  the  ^tn.. 
tissue^  which  speedily  occasions  the  arrest  of  the  card in**  hUii  i- 
movements.     Death  occurs  in  cold- blo<jded  animals  on  Midden  v\; 
a  tem[>emtnre  of  from  96"^  to  102"^  F.»  in  Mamnial^  on  expn^nrt* 
(>erature  of  109Mir  F.,  and  in  Birds  of  l2rP-122^  F.     On  rxn; 
the  heart  is  found  to  have  stopped^  though  it  long  con  tin  tics  to  tk*ai  iw  »n$i* 
nary  asphyxia,  atid  neither  it  nor  any  of  the  striated   miusolo*  rwpnd  *<* 
electrical  or  other  stimuli,  whilst  cadaveric  rigidity,  dur  aptmrcfitly  tuio- 
agulAtion  of  the  myelin,  sets  in  with  wonderful  rapidity.     The  uo»triii«4 
mu^ular  fibres  seem  to  be  powerfully  stimulalt*d  by  llnia  dcgrw^  of  i«»^ 


*  Bjtpineacra  ior  let  EffWia  qu'uno  forto  Uh»leuf  prodult  tiir  I'Ecotimti 
1805;  iind  Journnl  d(!  Fhy^iqiii'^  tum<^i  lutiiy  ]%%l,  @t  Ixivti. 

*  Fhito^ophical  TrHnsnttions,  1775. 

dr^iitb  of  tho  Rhitiiiilsin  thc^^e  nnd  stmitur  c'Xr»erimt'iit'*  to 

rigor  muriift  »»f  tbn  hi-urt  being  tMsiMbtUUed*     H«  rtJuiul  th«  i*., -  m,,  ^,  «...  ^  - 

but  lUu  ^i*(*iriclo5  firrnly  contriu'tHd  *otd  empty. 

*  JourDHl  de  l'Annt<tmje,  Jjin.  W&k  *  CentrHlblftli.  April,  \^^ 

*  Ln^mj  in  the  Eevua  ^ioniittque,  1871,  ft.  ISS  et  weq. 
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The  blood  is  dark  and  contains  little  oxygen  (1  or  2  per  cent.).  Both  Dr. 
Davy'  and  Pouchet  found  that  completely  congelated  animals  were  incajwi- 
ble  of  being  restored  to  life. — Accurate  experiments  are  yet  wanting  to  de- 
termine the  influence  of  humidity  on  the  eftbcts  of  cold  air.  From  experi- 
ments on  young  Birds  incapable  of  maintaining  their  own  temperature,  of 
which  some  were  placed  in  cold  dry  air,  and  others  in  cold  air  charged  with 
moisture,  it  was  found  by  Dr.  Edwards  that  the  lost^  of  heat  was  in  both 
instances  the  same;  the  eifect  of  the  evaporation  from  the  surface  in  the 
former  case,  being  counterbalanced  in  the  latter  by  the  depressing  influ- 
ence of  the  cold  moisture.  This  influence,  the  existence  of  which  is  a  mat- 
ter of  ordinary  experience,  is  probably  exerte<l  directly  upon  the  Nervous 
system. 

430.  Having  thus  considered  the  general  facts  which  indicate  the  faculty 
possessed  by  the  living  system,  in  Man  and  the  higher  Animals,  of  keeping 
np  Its  temperature  to  an  elevated  standard,  and  of  preventfng  it  from  being 
raised  much  beyond  it  by  any  degree  of  external  heat,  we  have  next  to  in- 
quire to  what  this  faculty  is  due.* — It  may  be  stated  as  a  general  fact,  that 
every  change  in  the  condition  of  the  organic  components  of  the  body,  in 
which  their  elements  enter  into  new  combinations  with  Oxygen,  muHt  be  a 
source  of  the  development  of  Heat.  And  as  we  have  seen  that  a  C4)nsider- 
able  part  of  the  carbonic  acid  and  water  which  are  exhaled  in  Respiration, 
is  formed  within  the  body  by  the  metamorphosis  of  its  own  tissues,  and  that 
this  metamorphosis  is  promoted  by  the  active  exercise  of  the  nervo-muscular 
apparatus,  it  follows  that  in  animals  whose  habits  of  life  are  peculiarly 
active,  whilst  the  temperature  of  the  surrounding  me<iinm  is  sufficiently 
high  to  prevent  its  exerting  any  considerable  cooling  influence  over  them, 
the  conibustive  process  thus  maintained  may  be  adequate  for  the  mainte- 
nance of  the  temperature  of  the  body  at  its  normal  standard.  This  seems 
to  be  the  case  with  the  great  Carnivorous  quadrupeds  of  warm  climates, 
and  with  certain  races  of  Men  who  lead  a  life  of  incessant  activity  like 
theirs.  But  whenever  the  cooling  influence  of  the  atmosphere  is  greater,  or 
the  retrograde  metamorphosis  of  tissue  takes  place  with  less  activity,  some 
further  supply  of  heat-producing  material  is  ro<]uired  ;  and  this  in  derived 
either  directly  from  the  food,  or  from  a  store  previously  laid  up  in  the  body. 
Although  the  albuminous  and  gelatinous  comp<.)nents  of  the  food  may  he 
made,  by  decomjKwition  within  the  body,  to  yield  saccharine  and  oleaginous 
compounds  which  serve  as  an  immediate  pabulum  to  the  combustive  process 
(§S  78,  344),  yet  this  metamorphosis  involves  a  great  waste  of  valuable  nu- 
tritive material ;  and  the  needed  supply  is  much  more  advantageously  de- 
rived at  once  from  those  farinaceous  or  oleaginous  substances,  which  are 
furnished  in  abundance  by  the  Vegetable  kingdom,  the  latter  also  by  Ani- 
mals. No  reasonable  doubt  can  any  longer  be  entertained,  that  the  pro- 
duction of  Heat  by  the  combustive  process  is  the  purpose  to  which  a  large 

'  pro|K)rtion  of  these  substances  is  destined  to  be  subservient  in  the  bodies  of 
Herbivorous  animals  and  of  Man  ;  and  the  results  of  experience  in  regard 
to  their  relative  heat-producing  powers,  are  in  j»reciso  accordance  with  the 
indications  afforded  by  their  chemical  composition. 

431.  Our  knowledge  of  the  dependence  of  all  the  vital  processes  in  warm- 

»  Proceed  of  the  Koy.  Sot-.,  18GC,  p.  250. 

«  It  wui  Hflirmod  by  Dr.  Granville  (Piiil.  Trans.,  1825)  that  the  tomnoratiire  of 
the  uterus  during  |mrturition  .Hoinctimi-s  nM^-^  as  hij^h  as  1*20°.  In  sorni'  t»i)<«'rvution8 
ninde  nt  the  Philadelphia  Hospital,  hiiwever,  at  the  desire  (»f  Prof.  Duni^lison,  the 
teiufierHture  of  the  uterus  was  not  I'ound  to  be  nnieh  above  that  of  the  vai^ina:  the 
former  beinj;,  in  three  caiHss,  100°,  102°,  and  106°,  whilst  the  latter  was  100°,  100°, 
and  105°.     (Prof.  Dunglieon's  Uunian  Physiology,  8th  edit.,  vol.  i,  p.  002.) 
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hfotrtied  animals  upon  the  Heat  of  their  bofiie?,  an*!  cif  the  ik*peiMi»r»ee  of 
their  calorifying  p«3wer  upon  the  due  f?u|>p]y  of  material  for  the  conibtirtm 

Sroee^s,  has  ^e^:eived  some  remarkable  adilition^  from  the  cxperiiiimt^  *4\ 
f.  Chos^at  upon  Starvation.'     He  found  that  Bird;*,  when  totallr  dcp 
of  food  and  drink,  suffered  a  progre^ive,  tliough  ?li^ht,  daily  climioiiliniii 
temperature.     Tim  diminution  wa.^  not  m  much  sihown   by  a  fall  of  lifir" 
maximum  heat,  as  by  an  inerease  in  the  diurnal  variation,  which  lie  smu^ 
taiued  to  ooeur  even  in  the  normal  state  (§  425,  li),     Tb€  avemge  Tumtjoi 
in  the  uianitUited  s^tate,  was  about  6^  (instead  of  1|*^ )  gradually  ifirfwi^ng  u 
the  animal  became  weaker ;  moreover,  the  gradual  riw  of  tem[»^  h\r^. 

ahoLild  have  taken  place  between  midnight  and  noon,  was  rei;i  ^inln 

the  fall  isuhset|ueutly  to  noon  commenced  much  earlier  than  in  ihe  bcaltfaj 
fltate ;  so  that  the  average  of  the  whole  day  was  lowered  by  alx^iit  4p,  b^ 
tween  the  Jtrnt  and  the  penulfmutte  days  of  this  condition.  On  the  /itW  ilay, 
the  production  ofheatdiniinii^hed  very  rapidly,  and  the  thermometer  fell  frc« 
hour  to  hour  until  death  supervened  :  the  whole  Io«^h  on  (bat  day  being  ahod 
25^  Fahr,,  making  the  total  depi^ssitm  about  29i°,  Thiis  ilepr*  -  -  ■ 
trom  the  eonfeiderations  to  be  p recently  slate*!^  to  be  the  immf 
Death,^On  examining  the  amount  of  loss  sustained  by  the  difi 
of  the  body,  it  was  found  that  9o  per  cent,  of  the  Ful  had  db*iip|v.  i> 
all,  in  fact,  which  emild  he  removed  ;  whilj^t  the  nervous  cvwu^  -  -  ir 
hibit^  any  diminution  in  weight  (^78u  From  the  con  lais'  • 
between  tlie  entire  cousumptirm  of  the  fat,  and  the  dei>re-i!?i- 
ature,^oined  to  the  iket  that  the  duration  of  life  nuder  th^ 
procesj*  evidently  varied  (other  thing:^  being  eipial)  with  the  un  .u  :  ini 
previously  aceumiilttted  In  the  IkhIv,— the  infereuee  ^eems  irr*-i  -m  it ,  thai 
the  calori  fyin|T  protT-s?  depended  chiefly  on  the  mute  rial!?  suj>pli«i  isy  thi* 
iubstanee.  Whenever,  therefore,  the  store  of  coudiuMible  tnailei-  in  tli* 
system  was  exhaa^ted,  the  inauiliatefl  animaU  died,  by  tha  euni ii>g  of  tb«f 
bodies  consequent  upon  the  loss  of  calorifying  power, 

432,  That  this  is  the  real  explanation  of  the  fact,  was  8h**wn  by  the  n»<iiti 
of  a  ^ries  of  very  remarkable  experiments  performed  by  M.  ijhoaml,  with 
the  purpi>se  of  leiJting  the  correctne-^s  of  this  view,  W  hen  in ani tinted  anioiab 
wbcM^e  death  seemed  im|>ending  (death  having  aclually  taki  '  ici  tevefil 
instance*,  whilst  the  preliminary  processes  of  weighings  the  .  ..fi  nf  tbi 

thermometer,  etc,  were  being  performed),  were  eubjfctt'd  tu  .. 
they  were  almost  uniformly  restored  from  a  state  ut  iusensibiln 
muscular  power  to  a  condition  of  comparative  activity;  th<'t« 
ro!*e,  their  muscular  power  returned,  they  Hew  about  the  rr. 
food  when  It  was  presented  to  them  ;  and  -if  the  artificial  n 
ciently  prolonged,  and  they  were  nijt  again  subjecreii  tn  thr 
most  of  them  recovered.    If  they  were  left  to  themselves  too  early,  bowrtw, 
the  digestive  process  was  not  performed,  and  they  ultimately  dt***!      t'n  1. 1  tie 
time  when  they  began  to  take  food,  their  weight  continued  to  *i 
secretions  Ijclug  renewed,  under  the  influence  of  artiticial  hr*nt, 
a  considerable  amount*    It  wa^  not  until  digeation  had  actual  I 
(which,  owing  to  the  weakened  functional  power,  w!i^  comni 
subsequently  to  the  ingestion  of  the  food),  that  the  animal  r* 
of  generating  heat :  m  that,  if  the  external  source  of  he-at  w,'t-  v, 
body  at  once  cooled  ;  wnd  it  was  not  until  the  quantity  nf  fo*Kl  act 
was  sufficient  to  support  the  wants  of  the  body,  that  its  indci>cndtni  p«>\vij  l4 


'  Rvcberchoe  Experimeotnloft  for  riunnitiQn,  Funs,  J843;  nn  ji 
will  be  found  in  the  BrJL  und  For,  Meti,  Kev.,  April,  I84i>  8*i: 
Rfticbert  aad  Du  Boii-Enyiiiaii(l'i  Arcbiv.,  Ii72,  p.  L 
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calorification  returned.  It  is  to  be  remembered  that,  in  8ucb  cases,  the  re- 
sources of  the  body  are  on  the  point  of  being  completely  exhausted,  when 
the  attempt  at  reanimation  is  made ;  ccjnsequently,  it  has  nothing  whatever 
to  fall  bacK  upon  ;  and  the  leaving  it  to  itself  at  any  time  until  fresh  resources 
have  been  provided  for  it,  is  consequently  as  certain  a  cause  of  death,  as  it 
would  have  been  in  the  first  instance. 

43.3.  It  can  scarcely  be  questioned,  from  the  similiarity  of  the  phenomena, 
that  Inanition,  with  its  couKequent  depression  of  temperature,  is  the  immediate 
cause  of  death  in  various  Diseases  of  Exhaustion  ;  and  it  seems  probable  that 
there  are  many  cases  in  which  the  depressing  cause  is  of  a  temporary  nature, 
and  in  which  a  judicious  and  timely  application  of  artificial  heat  might  pro- 
long life  until  it  has  passed  ofi',  just  as  artificial  respiration  is  serviceable  in 
casei<  of  narcotic  poisoning  (§  221).  It  is  especially,  perhaps,  in  those  forms 
of  Fever,  in  which  no  decided  lesion  can  be  discovered  after  death,  that  this 
view  has  the  strongest  claim  to  reception  ;  and  the  beneficial  result  of  the  ad- 
ministration of  Alcohol  in  such  conditions,  and  the  large  amount  in  which 
it  may  be  given  with  impunity,  may  probably  be  accounted  for  on  this  prin- 
ciple. That  it  acts  as  a  specific  stimulus  to  the  Nervous  system,  cannot  be 
doubted  from  it«  effects  on  the  healthy  body ;  but  that  it  serves  as  a  fuel  to 
keep  up  the  calorifying  process,  appears  equally  certain.*  Its  great  efficacy 
in  such  cases  seems  to  depend  upon  the  readiness  with  which  it  will  be  taken 
into  the  circulation,  by  a  simple  act  of  endosmotic  imbibition,  when  the 
special  Absorbent  process,  dependent  ui>on  the  peculiar  powers  of  the  colls 
of  the  villi  (§  135),  is  in  abeyance.  Tliore  is  no  other  combustible  ffuid, 
whose  miscibility  and  whose  density,  relatively  to  that  of  the  Blood,  will 
permit  of  its  rapid  absorption  by  the  simple  physical  process  adverted  to.* 

434.  That  the  oxidation  of  certain  components  of  the  food  or  of  the  tissues 
is  the  fundamental  source  of  Animal  Heat,  is  further  indicated  by  the  close 
conformity  which  we  everywhere  find  between  the  activity  of  the  Respiratory 
process  and  the  amount  of  Heat  which  is  generated  ;  and  this  is  not  merely 
when  we  compare  different  tribes  of  animals  with  each  other,  but  also  when 
we  compare  the  amount  of  oxygen  absorbed  and  of  carbonic  acid  exhaled  by 
the  same  individuals  under  different  degrees  of  external  temperature  (§  311, i). 
For  we  find  that  the  system  }>ossesscs  within  itself  a  regulating  power,  by  which 
the  conibustivc  process  is  augmented  in  activity  when  the  cooling  influence 
of  the  surrounding  medium  is  consi<leral)le,  so  that  this  influence  is  re^sistod; 
whilst  the  internal  fire  (so  to  speak)  is  slackened,  whenever  the  temperature 
of  the  outer  air  rises  so  much  as  to  render  the  same  generation  of  heat  no 
longer  recjuisite.  The  appetite  for  food,  and  especially  for  those  particular 
forms  of  it  which  best  afford  the  combustive  pabulum,  varies  in  the  same 
degree;  and  thus,  when  supplied  with  appropriate  nutriment,  Man  is  able  to 
brave  the  severest  cold,  without  suffering  any  considerable  depression  in  his 
bodily  temperature. — It  would  seem  that  the  Cutaneous  Respinition  (S  313), 
small  as  its  amount  is,  promotes  those  molecular  changes  on  which  the  main- 
tenance of  Animal  Heat  depends ;  for  it  was  found  by  MM.  Hecquercl  and 
Breschet,'  and  Socolotf*,*  that  when  the  hair  of  Rabbits  was  shave*!  off*  and 
a  composition  of  glue,  suet,  and  resin  (forming  a  coating  im|)ermeal)le  to  the 
air)  was  applied  to  the  whole  surface,  the  tem])erature  rapidly  fell,  notwith- 


*  Sec  the  article**  written  by  M.  Haiidot  in  L'Union  Medicailo  for  N«>v.  18ti8. 

*  The  Author  has  stated  th«'  very  ^trikiiiLj  results  of  «^b.-opvatioii:*  whicli  ho  has  had 
the  opp<»rtunity  <»f  making  upon  this  point,  in  hi8  Kr«suy  on  lhc»  lMi\>ioh)gy  of  Tcm- 
pprance  and  Total  Abstinence,  ^  213. 

*  Coinpte*  Kendus,  October,  1841.  These  exp<?riment3  were  rejieated  and  confirmed 
bv  Magendie  (Gazette  Medicale,  Dec.  6ih,  1843}. 

*«  CVntralblatt,  1872,  No.  44. 
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standing  the  oh«tftcle  thus  offer^id  to  the  evapomtioa  of  the  swait,  wli 

it  luii^ht  be  siiipjmsed,  the  teaiperature  of  the  body  would  be  <  iiiisiilrraJiWI 

eleviilfd.     In  the  fi rrft  rabbit,  which  had  a  tenipt^ratare  af  100  hi- 

ahaved  nnd  plastered,  it  bid  fnlhyn  to  81*1*^  by  the  linie  the  uu,  - i-u's\»\ 

over  him  was  dry.     An  bcmr  after wardi?,  the  therraometer  ji.  *      l   ki  iK 
^ame  \mrU^  {the  muiscle^  of  the  thigh  aod  tiheatj  had  dej<eendeti  b*  7^i  *    Ui 
anotlier  rabbit,  prejmred  with  more  ™re,  by  the  time  that  the  planter 
dry,  the  tetupemture  of  the  biMly  wa,^  not  more  than  5^^  abcivc  that  of  ili 
surrouDding  medium,  wbirb  was  at  that  time  691'^;  and  in  an  hour  atk 
this,  the  aniraai  died.     The  variiLsh  appf-am  to  net  by  in. 
Dr  Sanderson*  found  thtit  a  mblnt,  which  iu  the  normal  - 
3  heat-units  in  ten  minutes,  gave  about  20  after  varui.^hiti;_r,  u 
that  in  the  former  c^^e  ita  temperature  w.'ts  constant  at  'ii*»5^  t 
other  it  sank  from  S6^  to  2*1",     In  8ocoh*fJ''^  exjierimrni.^,  n\l 
made  its  appearance  in  the  urine^  and  tetanic  ctinvukionis  or^ 
death.     Neither  wrapping  the  animal  in  wooU  nor  com pid ling  it  ici  hrcaili 
oxygen,  prevented  the  fatal  result.     After  death  a  ditia:*cd  parencbym 
iafiamniation  of  the  kidneys  was  observed,  and  ulcers  were  found 
gEomaeh  consequent  upon  profound  ejttravasation.     These  ex[»erimeaf*-l 
olj#ervations  place  in  a  very  striking  point  of  view  the  imptjftanee  of  iliil 
cntaneoui^  surface  a«  a  respiratory  organ,  even  iu  the  higher  animal-f;  aadl 
they  enable  n,s  to  unden^taud  how,  when  tlie  aerating  power  of  the  Lungt  iij 
nearly  de.^troyed  by  diasease,  the  heat  of  the  body  ib  Kept  up  to  ltj»  natu 
standitrd  by  tlie  action  of  the  skin,     A  valuabJe  therapeutic  ludiruiinn,  i 
IS  derivable  from  the  kJiouledge  which  we  thus  gain,  of  tlje   • 
the  euiaiK'ous  rei*pi ration ;  (or  it  leads  ns  to  perceive  the  desirali 
ing  the  akm  numU  in  tliase  febrile  dlM^a?H*s  in  which  there  In  ^  :  itnfl 

drynejss  *}f  the  surface,  since  aeratitm  cannot  pro[ieriy  take  phi  i,'h 

dry  membrane.  Of  the  relief  afforded  by  cold  or  tepid  sfmitgiug  m  %u 
ea^ejs,  experience  has  ^nven  ampie  evidence, 

435,  It  Um  been  held  that  the  Cbemit-al  iheory  of  Cahinfii^ation  ip  m 
fielent  to  account  for  the  total  amount  of  Heat  generated  by  a  warm-bk 
animal  in  a  given  time ;  this  assertion  being  founded  u|Hm  the  experin 
rei^ults  obtained  by  M.  Dulong.     MM,  Favre  aud  Silbenuaim'  have  4 
however,  that  the  original  estimates  ret^uire  correction  for  tht*  true  < 
equivalents  of  carbon  and  hydrogeu ;  ami  that  this  correction  baviaj^l 
made,  I  lie  heat  produced  by  the  comhustion  of  the  Carbon  whtrh  iineont 
iu  the  carbonic  acid  expiretl,  and  by  the  combustion  rif  sueb  :\ 
the  Hydrogeu  contained  in  the  exhaled  water  as  may  l*e  fuiHv 
h a ve  u n d e rg< i n c  ox y gena t i o n  w i  t h  I  n  t !i e  s yst e m  t  !i  'H  8  j ^  p r< 
to  com|>eniiate  for  that  wbich  would  be  dj^.*ipated  by  tlie 
the  water  tmm^ptred  from  the  ?kiii  and  lung!^,aml  al^o  to  ,  iitn^im- 

perature  of  the  body  itself  in  an  atmosphere  of  (^rdinnry  ■  Andl*  j 

the  combustion -heat  of  carbon  and  hydrogen,  wc  *houid  also  add  thai  li 
thase  relatively  minute  quantities  of  PhoHiphorns  und  Sulphur,  whidi  »1« 
undergo  oxidation  within  the  system  (§41-4)1  whereby  n  smatl  additinKal 
amount  of  heat  mnsit  be  generated. — ^Th rough  wbate%'er  d^-  '- '*  -  f  ^^-mhi- 
natiotis  or  successive  stages  of  oxidation  these  elements  r-  js 

their  progress  to  complete  or  final  oxidation,  it  may  be  reiziui-'j  u^  au  nah- 
pii table  fact,  that  iheii  give  otd  precm'/ff  the  Sf^me  ammait  of  hmi  in  ih*"  »^^ 
Off  if  thetf  had  tmdergom  the  most  rapid  cnnibrnttan  to  the  tame  dt^^  ojmi^ 


"  HftndUw>k  for  tho  Fhysioh  Latwr.,  1S73,  p  S213. 

*  Seo  their  Mema1r#,  Dee  Chnleur*  do  CombufUt^o,  ia  Cofnptes  Rcnclui,  tipro*  >*f 
3Exii. 
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ii&n  m  pare  o^i^gen :  and  lb  us  alnuwt  ever?  laokcijlar  chano^e  iu  the  body, 
but  pre'ernineiitly  those  which  ar«  coneeriied  lu  the  diHtnifffraiiun  of  it^  tex- 
ture»»and  in  the  elindnalioti  of  iheir  products  by  Respimtion,  participate  m 
the  fuiictibii  of  Caiorifieati^^u. — The  experiment  of  Kanke,'  mad*-' uihjii  him- 
(4ljalf.  furnish  perhaps  the  bes't  data  otj  which  the  absolute  atuouui  t\t  heat 
developed  in  the  bady  cao  be  calculated ;  and  they  are  by  m  much  ihe  more 
to  l>e  depended  npon,  as  the  results  agree  well  with  the  determimitiona  of 
Fmnklaiid  on  the  amount  of  heat  developed  by  variou!!  kinds  of  aliment 
daring  the  act  of  combustion.  It  may  be  remarked  that  the  age  of  Eaoke 
was  twenty-four,  hii*  height  about  six  feel,  and  his  weight  154  lbs.  The  first 
experiment  was  made  to  determine  the  amount  of  heat  developed  on  niixed 
food.  The  ingesta  and  the  egesta  were  equal  iu  amouuti  the  weight  of  ih© 
botly  remaining  the  -tame.     The  number.^  represent  grammes : 

Exp.  L^ — ProiliicUrm  of  he^d  on  I  he  fint  dtnf  qJ  total  nbdinena^e  from  food 
teommenciog  23  hours  after  the  last  meal),  the  ingesta  {L  «f.,  cousumplion  of 
the  body  itaelf )  ca  leu  la  ted  from  the  egei^ta : 


lDgr«lN.  In  Gnin]m<*9> 


18,3     Uroa. 
0,24  Uric  Acid- 


From  these  data  it  may  be  calculated  that  the  daily  production  of  heat 
aoiounted  to  2012.8  calorics. 

Exp»  IL — Produvtioii  of  heat  on  matt  did^  the  depoijition  of  flesh  in  the 
body^  and  the  consumption  of  fat  being  calculated  from  th€  excretious: 


183^  grm,  of  Mi^nt,  of  whifh  onSy  1300  grm. 

TOirrm,  Flit  "f  FT>otS,  V  « 

75J4F.it  of  Body.       /t^^^^l4F»t. 


86        Urt-ft. 
1  05  Uric  Acid. 


The  dailv  protiuetion  of  heat  produced  here  was  2799.d  calories. 

Exp.  lli.^Proiluctiftn  of  heat  (fti  iKyn-niiftajtmam  d'tet^  cons^uniption  of  al- 
humeo  and  deposit  of  fat  In  the  body  calculated  from  the  excreta: 

51  55  }^iH^y  Alhufiiftiu  17  1    ITrfi*, 

loO.OO  FhI,  cif  wKk'li  ^?.5  wert*  d<?po?li(*d.  0.54  Uric  Add. 

So  iliiU  only  as  5  wero  burrit  ofl'.  ^.0    Fa?ctsA* 

100       .Sugar. 

The  daily  production  of  heat  was  bere  2059,5  calories. 
the  daily" production  was  about  2200  calories. 


With  mixed  diet 


Tiniii  thtrmg  Fn«lin^^ 
Un  Noii^Nnrn-jonous  Diet, 
On  MixcHi  Diet.      . 
OTi.Abitnduiit  Mcnt  Diet, 


2012  CuLoriea  wcro  produced  prr  diem, 
m>9  ''  *^  ♦• 

22(X)  ^*  **  ^t 

nn        **  **  *i 


According  to  Senator/  a  dog  weighing  alKiut  12  lbs.,  fed  on  a  pound  of  meat 
per  diem,  gave  otf,  16-26  hours  after  food,  12-14  calories  per  hour,  during 
ibich  time  it  excreted  from  52  tu  57  grains  of  carbonic  acid  gas.  After 
»tiog  for  48  hour^,  it  gave  oif  11.0  calories,  and  eliminated  51.T  grains  of 
COj^  whilst  two  hours  after  digestitjn  it  gave  off  21  calori&s,  and  eliminated 
79.8  grains  of  CO.,. 

The  average  of  Rankers  experiments  on  himself  gave  the  number  of  calo- 
riei  produced  per  dient  at  2200,  wbieb  \^  a  quantity  sufficient  to  raise  44 


GrundzQgo  der  Physiologie,  1874,  p.  m^.  »  Centralbliilt,  1871,  p.  738. 
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ptiunils  pf  water  from  the  freerJtig  to  the  bnili rig-point*     H 

the  amniint  at  2700/     The  mode  m  which  the  heat  produc    .  ..  ,. 

been  c5ttfnate<i  m  foUowa : 

T^  the  i?l<*Vfttion  to  tho  l»Hny>oriitur«  of  ihe  body  of  the  foofj  in4^6$f«cl,      2S  per< 

Tct  till*  vtip(rriatnti^*n  of  thf  wnter  tli*4.*lijir(»^ed  by  tin*  luoiT't  <         <         •     H.7      ^ 
To  Lh«  rHtlJiilitiit  fraiu  tijtf  bndy  iitrd  tjviiipurfl.Lion  frt*rii  tlio  ikiiii  ,     77  «•      *• 

In   this  ealcniatlon   Helmbaltz  estimated  that  ciue  kibgmmnitt  of 

(  ^  2.2  lb,*,  uvoird,)  in  evapnrttting  from  the  ^kin  atNi  lungs  Uu}k  qji  nr  i 
quired  582  eti lories,  its  tetD|Mirature  being  already  nenrly  lUO^  F*  F»  _ 
wap  euiisidered  to  be  upon  the  average  about  20^  F,  cooler  I  bun  the  t«ii- 
pernlnre  of  the  body,  and  to  rerjiiire  the  i?ame  amouut  of  bent  to  ttnnn  it  ii 
water.     BirmP  gives  a  somewhat  diiferent  &^titaatei  iinl  r-i  tfi«t  laf 

the  total  heut  produced  in  a  man  at  re^t,  which,  in  «<*canj  ;h  UAm 

hohz»  he  estimates  at  2706.076  eak>rie€<,  690.801,  or  25.85  f»er  ceuL,  *nj  I'M 
m  the  water  eva(M>nited  from  the  ?kin  and  lungs  ;  100.811,  or  '^  7.' 
in  warnjiiig  the  air  breathed  ;  52.402,  or  1.94  per  cent.»  in  warn 
33.020,  or  1.22  per  eent,,  in  the  solid  and  fluid  exeretA ;  and  * 
67/22  per  cenL^  by  mdhition  and  conduction  and  mechanical  work* 
eslimatc^  that  a  man  dailv  develops  gulBcicnt  heal  to  raise  5*5  ]b&  of^ 
from  32Mo2l2^  F, 

436.  The  tnfluenec  of  the  iiervons  pyeteni  n[)on  the  tern  fie  ra  t  u  ns  iif  1 
body  w  well  s>hown  by  the  i'freclti  of  ^etlon  of  the  epinaJ  cord,  Tli<5»<  ~ 
however,  are  not  constant^  for  Buob  legion  in  i^omotimea  fatb>we<i  by  na  dd-" 
vation,  and  sometiuies  by  a  decltue  in  the  temperature*  Tbiifi,  u  emm  hn- 
eorded  by  Sir  B,  Brodle*  in  wbieli  the  ipinal  cord  having  been  t»o  mttktmij 
iojnred  Iq  the  lower  part  of  the  eervkal  region  that  the  whole  of  tbe  oerfB 
paHfiinj^  off  below  were  ci>rapletely  paralyzed,  the  beat  of  the  limly,  iii*  itjiiy^ 
by  a  fherroometer  placed  in  tbe  guiin,  was  not  Ic;*^  than  IIP  F. :  a!j»l  tiiii. 
not  w  i t  h *ta n d  I  n g  tba 1 1 he  re^pi  ra I o ry  fii  ric ti o ti  wa^  v e ry  i  m j je r fee- 1  m f 

tbe  number  of  Inspirations  being  coufiideraljly  reduced,  and  ttj.  .„  ..vL<t, 
Bimilar  eoj^es  have  been  recorded  by  other  obeerver^.  On  tbt*  oihi^r  hiail, 
wlien  the  i^pinal  cord  haa  been  divided  experimentally  in  animaU,  J^tr  & 
Brodie^  and  others  have  shown  that  the  temperature  of  the  twnly  n*umllr 
falls  rtith  rapidity,  even  when  artiflctal  reipiration  i^  steadily  miitiuinw* 
Thig  dilfi^reuce,  hoviever,  is  probably  due  to  the  secondary  coudilioti*  iif  tb* 
eacpriment,  for  it  is  to  l>e  particularly  noted  that  Mnnlon'of  lb'  '     ^^ 

Ijelow  tbe  medulla  oblongata  paralysed  the  vai^o-motor  <*rnfr. 
oucntly  produces  hypenemia  of  the  capillaries  of  the  body  -  —a  o*- 

aition  that  would  necessarily  lead  to  increased  produetiou  Qu^ 


1  Ur  nilher  2,700*000,  but  he  consic3pr«Ml  n  ealory  to  b«  thequNtiUtyof  (i«mt  ra|«*t}«t 
to  rjii^o  I  cnimirm  nf  vrnU^r  1**  C,  insteiid  ftf  1  kilogranime,  whleb  U  lOlXI  ^rt»i»" 
'  Stilt.  CUini,  dm  Ar»imaiii.     FatH^  18^). 

*  Pbysi*.!.,  mn,  j>.  561. 

*  Med.  Giiz.,  Jam*,  IflSfl,  nnd  I'hysJoIoit^  R*'S<*nrehcd,  fv.  121* 

*  Fliilusnphieul  Trans.,  1811.  lBl"2.  nnd  Phyi5iciK>^N0jil  K-ir^Mrrl...;  ?i^*^  »W  iM 
conllrnmtory  px  peri  men  Ls  of  MM.  Lo  GftUoit,  Aniitdc!«  do  CI  ^» 
t.  ii,  CiN»i«iil,  M^tnoiratur  l*Influefic&  du  Sy*l.  Kerv,  itir  In  •  **^ 

i5r?elK*s<?hii}hin,  lt(?irdjen'«  Arehiv,  I866t  np.  151-179.     C.  Bt^rrmr  '*^ 

18A8,  t.  stJcitvi,  pp.  4 Hand  C^^2.    i^^ihifT,  lTnternui?h*iiiifen,  Heft  8  j  1  -»• 

Igyali^iii,  lJ?i>5      Brtiwii-i4^;^Mttrd,  K"Vm3  Hciwritif  ,  1871,  |i.  :ift«.     Tli-'  r.  *»• 

ee(*nii?il  by  Hntcblnfion,  Lnrtcel^  187iV^  vob  i,  p.  713;  mid  ibnt  by  Dr.  'I* 

'  T'ofi^rrpd  i^n     H«>idrtnbidn,  lJ*?b<'r  Einwirkungen  dos  Xr ""  ■   ^'     '  '^* 

tiMnjiiTrtliir,  in  Pllni;t*r*j*  Archiv,  RJ   iii|  p  601;  >i(id  VV'  ^' 

Arcbivi*iof  Sfient,  nnd  Pruct,  Mad.,  1813,  ^o.  4*     ScLi ,...._,.  .  ...  '-^ 

viii,  187-,  p.  67ii. 
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whole,  there  seems  to  be  no  strong  reason  for  admitting  the  existence  of  an 
inhibitory  centre  for  the  production  of  heat  in  the  spinal  cord,  which  is  par- 
alyzed on  division  of  the  cord,  and  for  which  some  authors  have  contended. 
In  M.  Tschoschichin's  experiments,  section  of  the  pneumogastrics  was  not 
observe<l  to  produce  any  remarkable  effect  upon  the  development  or  distribu- 
tion of  the  animal  heat  in  nibbits — at  least  not  until  those  pathological 
conditions  which  have  been  already  described  (§  305),  as  resulting  from 
their  section,  had  become  established.  Various  pathological  phenomena  in- 
dicate that  the  withdrawal  of  nervous  influence  from  any  part  of  the  body 
usually  tends  to  produce  a  depression  of  its  temperature,  and  this  especially 
in  the  e?:^remities ;  thu?  Mr.  H.  E:irle'  found  the  temperature  of  paralyzed 
limbs  slightly  lower  than  that  of  sound  limbs  ;  so  Prof  Dunglison  has  no- 
ticed that  in  one  case  of  hemiplegia  of  five  months*  standing,  the  temperature 
of  the  axilla  was  96i°  on  the  sound  side,  and  96^  on  the  paralyzed;  whilst 
that  of  the  hand  was  87^  on  the  sound  side,  and  only  TOi*'  on  the  paralyzed; 
and  in  another  case  of  only  a  fortnight's  duration,  the  temperature  of  the 
axilla  was  100^  on  the  sound  side,  and  only  98 i°  on  the  paralyzed,  whilst 
that  of  the  hand  was  94®  on  the  sound  side,  and  90''  on  the  paralyzed.* 
According  to  Folet,'  the  temperature  of  the  paralyzed  side  soon  after  an 
attack  of  hemiplegia  is  1.8°  Fahr.  above  that  of  the  opposite  side ;  but,  when 
atrophy  su})ervenes,  the  temperature  falls  again.  The  elevation  is  (juitc  in- 
dependent of  the  seat  of  the  lesion  of  the  nervous  system. 

437.  Locfd  Variations, — The  blood  is  the  means  by  which  the  uniformity 
of  the  temperature  of  the  body  generally  is  maintained,  and  its  mass  enables 
it  to  equalize  the  variable  amounts  that  are  pro<luced  in  the  several  glands 
and  muscles  it  traverses,  according  to  whether  they  are  in  an  active  or  in  a 
quiescent  condition.  Warmed  during  its  passage  through  the  abdominal 
and  thoracic  viscera,  which  are  in  constant  functional  activity,  and  which  are 
prevented  from  cooling  by  the  thick  layer  of  fat  that  covers  the  abdominal 
narietes,  the  blood  carries  a  high  temperature  to  the  extremities  where  it 
becomes  gradually  reduced,  owing  to  radiation  and  conduction.  If  the  heat 
be  prevented  from  escaping  from  the  surface  of  the  body  by  nidiation  or 
evaporation,  as  in  cases  where  the  large  size  of  the  animal  causes  the  capil- 
laries of  the  skin  to  bejir  a  comparatively  small  proportion  to  those  of  the 
hotly  generally,  or  when  the  animal  possesses  a  thick  coating  of  wool  or  fat, 
or  \»  kept  in  a  warm  atmosphere,*  the  temperature  rises  to  a  high  degree: 
when  the  opposite  conditions  are  present,  the  temperature  falls.  The  great 
importance  of  the  supply  of  blood  to  any  part  in  maintaining  its  tempera- 
ture is  well  shown  by  the  experiments  of  M.  Claude  Bernard,^  from  which 
it  appears  that  an  elevation  of  temperature  constantly  takes  place  on  one 
side  of  the  face,  when  the  trunk  which  unites  the  Sympathetic  ganglia  of  the 
neck  on  that  side  is  cut  through ;  this  increase  being  not  only  perceptible  to 
the  touch,  but  showing  itself  by  a  thermometer  introduced  into  the  nostrils 
or  ears,  even  to  the  extent  of  from  7^  to  11°  Fahr.  When  the  superior  cer- 
vical ganglion  is  removeil,  the  same  effect  is  produced,  and  with  yet  greater 
intensity.  This  difterence  is  maintained  for  many  months,  and  is  not  ap- 
parently connected  with  the  occurrence  of  inflammation,  congestion,  <vdema, 
or  any  other  pathological  change  in  the  tissues,  though  the  sensibility  of 
the  parts  thus  afllbcted  is  no  less  augmented  than  their  temperature;  more- 
over, it  is  not  prevented  from  manifesting  itself  by  the  division  of  any  of  the 
cerebro-spinal  nerves  of  the  face.     This  exaltation  of  temperature,  there  can 

»  Mcd.-Chir.  Trang.,  vol.  vii.         «  Human  Physiology,  7th  edit.,  vol.  ii,  p.  238. 
»  Gmz.  Hebdomad.,  18«7,  Nor.  12-14. 

*  See  Naiinynnnd  Quincke?,  Roichort's  Archiv,  18C9,  pp.  174  and  521. 

*  Gazette  Medicalc,  F^\t,  21,  1852. 
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be  no  doubt,  is  sufficiently  explaioe*!  by  the  rekxatioii  of  Ui- 
Bmalieir  arteries  (prcMlunng  a  slate  reseinbliiig  a  prmanent 
the  c«ns€t|ueiit  increase  in  llie  flow  of  bitMjti  thmii|^!i  the  pari,  ^ 
been  shown  by  Dr.  Aug.  Waller  to  result  from  ilii?  ojjenition.     '  ^ 
A  cnrious  ex(wrinient  maJe  by  Bernard  tendn  to  ^huw  tltnt  tJ 
blood  taken  up  by  any  one  organ  h  supplied  to  it  at  tbe  expeiir_ 
and  that  the  excels  of  heat  developed  at  one  point  ot'  the  body  i- 
Bated  for  by  a  diminution  in  some  other  part.     He  found  tbat  -t^ 
eection  of  the  Sympathetic  in  the  neck  of  a  Rubhit,  both  of  ui 
previously  a  temperature  of  95^  F.^  the  temperatui^*  rose  tu  Ihh     \ 
gide  on  which  the  section  was  made^  whilst  it  fell  to  01*^  F.  on  ih- 
eide.     Wlien,  however,  the  peripheral  eod  of  the  cut  nerve  wit-  . 
the  temperature  fell  in  the  eorrcsppndiug  ear,  and  row*^  in  tbt- 
Local  variations  of  temperature  occur  in  tht*  vanous  organs  > 
with  the  changes  in  the  eirculatiou  in  them  re^uUIng  from  iho  it- 
anee  of  their  duties,  or  their  state  of  repose.     In  some  ii: 
such  variations  seem  to  be  independent  of  changes  in  ihi- 
Thus  Schiff^  has  shown  that  irritation  of  a  sensory  nervt*  ju  n  ■ 
influence  of  woorara,  and  therefore  incapable  of  rierf^^rraing  m  :^ 
ments,  causes  increase  of  the  temperature  of  one  or  the  oUR*r  lirmi*pii 
the  brain,  and  was  independent  of  changes  in  the  circulation,  *iiM?e| 
cur  red  even  as  late  as  twelve  nnriutea  after  the  hearths  action  Imd 
Even  irritation  of  the  nerves  of  special  sen^e  will  produce  this  eired,  I  ^ 
was  dislinetly  perceptible  in  a  thoroughly  woorarized  dog  beforr  wlticll^ 
umbrella  was  suddenly  o|>ened.     In  aceonlanee  with  this,  tb-  _'    -   -frap 
other  cireumiitanees  lead  to  the  increase  of  temperature,  is  th  i  ■' 

made  by  Bernard,*  that  if  the  icM>t  of  a  dormouse  be  pinched  wi.nn  in  i 
state  of  hibernation,  the  temperature  rises  almost  immediately  a$  mudi  u 
from  60^  to  70'^  F.     In  opposition  to  it  is  the  j^tatement  made  by  II 
that  irritation  of  a  sensory  nerve  causes  depression  of  the  tempemn. 
rectum,*     Horvath  having  observed  that  mere  binding  of  a  mbbil  >o  \ 
could  not  move,  caused  a  gnidnal  fall  of  temperature,  sometimes  ir  :t' 
as  3"^  Fahr.,  at  firet  attributed  it  to  its  cramped  condition;  bi.  ■' 

peri m cuts  led  him  to  conclude  that  it  was  due  to  the  pain  r\,  ''^ 

tJie  animal  when  its  limbs  were  tightly  bound,  Funke  '  siat^ts  thai  inlrl* 
lectnal  exertion  causes  an  iuerease  of  temperature  in  the  bniin.  A  coh^kJ' 
erable  fall  of  temperature  occurs  during  the  narcotic  condition  indneed  by 
chloroform/  which  is  probably  partly  due  to  its  depn^^ittg:  intl'scnn*  apou 
the  circulation,  as  well  as  to  its  direct  action  upon  the  bhuHi-corpn^^lta*.  In 
like  mariner  in  poisoning  by  wcmmra,  which  C*  Bernard  hjui  shown  fjr^l  pw^ 
alyze*  the  v  a  ho- mo  tor  nerves,  causing  dilatation  of  the  cutaneous  rapiU&nw, 
and  conifcquent  increased  loss  of  heat,  and  at  the  same  time,  a  j  '  n  of 
th  e  m  ove  m  en  ts  o  f  tb  e  h  ea  rt  a  nd  res  J  li  ra  t  o  ry  m  u  sc  I  e-s^  a  d  ccl  i  ne  u  ^n 

is  constantly  observed.    Jacobson  and  Landr^*  have  shown  th;s  im* 

ilarly  a  decline  in  the  temperature  of  the  rectum,     [BrTntird  Hai 

tlie  muscular  and  'nervous  systems  are  imjKirtant  soun  '  ** 

tremities  and  on  the  surface  of  the  bodv  the  venous  i  '^^ 


•  MfiTij  inj^tniicet  of  IuchI  viifiHtToiis  in  di?^B£e  hiiv#  been  <wl1ectc^  bjr  Wutiiiit 

•  ArcliJveB  dq^  Fhvditlogii*,  18TQ,  p,  198,  *  Rev.  Bcimi,^  n*7l,  pj 

•  Centralbliiii,  1871),  p.  lifl  •  Sec  aUo  Hoidt?tihiiin,  Ci^iitriktbliitt,  i 
'  P)iy*ii>kigie,  1878,  p,  300. 

•  8ee  St^lKflrina^oiv  Difi*ert.  iiber  d.  Einfluisd,  Cbloroform :  qui>t^  by  PuJikf, 
iolcjgu*,  1872.  p.  808. 

•  Nederlund.  AfcMv  y.  Oenees  en  NBlurk.,  Bd,  ii,  p.  3155, 
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I  the  arleriftl  [  but  m  the  cavities  of  the  bixly  this  law  m  reversed,  m  be- 
tween the  eriiml  vein  and  artery  there  is  a  difference  of  one  degree,  and  very 
near  the  bifurcation  of  the  aorta  and  vena  cava»  the  difference  is  only  eight- 
tenths  of  tlml  just  mentionetL  Inime^iiately  above  the  opening  of  the  renal 
vein*?,  the  bhiod  of  the  vena  cava  and  aorta  have  tJie  E?anie  tempemture,  which 
Beru  a  rd  ter  rn  ^  t he  rea  1  jjo  i  n  t  o  f  te  iu  jic  ra  t  n  re ,  Th  e  i  n  fer io  r  ve  n  a  ca  va  's  b  1  twd 
b  warmer  than  that  in  the  arteries;  that  of  the  sujierior  vena  cava  is  cooler. 

Bernard  believes  that  the  vaso-dilatora  are  calorific  nerves,  whilt^t  the 
va.*ti-eoiiiitnctor*?  are  frigorific* 

Prtif.  11.  C.  Wood»  -In,  belie veg  that  in  the  pons  or  above  it,  there  is  a 
nerv#  centre  who^e  function  it  ij*  to  inhibit  the  prodnctiou  of  animal  heat. 
This?  centre  doe^  not  act  directly  npon  the  tissue.^,  but  probably  through  a 
conEroUing  iniluence  over  centres  in  the  cord,  which  regulate  the  chemical 
activities.  The  action  of  the  centre  is  supposed  to  be  analogous  to  the  relies 
inhibitorv  centre  of  Set«chenon.]* 

438.  We  have  now  to  inquire  whether  the  power  of  generating  Ileat  is 
possessed  by  the  Human  subject  in  an  eijual  degree  at  all  ages;  thi^  question 
Ijeing  very  different  from  that  of  the  ordinnnj  tmnperatiirE  of  the  body  at  the 
various  periods  of  life ;  §iuce  an  indivitlual  who  can  maintain  a  high  tem- 
perature when  ihe  surrounding  air  is  moderately  warm,  may  linve  very  little 
power  of  bearing  eontiuncd  exposure  to  severe  cold.  Important  analogicul 
evidence  on  this  point  ha.^  beeu  supplied  by  the  experiments  of  Dr.  W.  F. 
Eilward.^  upon  the  lower  Mammal ia^  Birds,  etc, ^  It  appears  from  these  to 
l>e  a  general  faet^  that,  the  younger  the  aniunil,  the  less  is  its  independent 
tmlorifyiijg  fwwcr.  Thus  the  development  of  the  embryo  of  all  Oviparous 
Snimal^  h  entirely  dependent  upon  the  amount  of  external  warmth  t^upplied 
Io  it*  There  are  many  kinds  of  Birds*,  which,  at  the  lime  they  i^<ue  Irom 
the  egg,  are  so  deficicni  in  the  power  of  generating  heat,  that  their  tempera- 
ture rapidly  falb  when  they  are  removed  frnni  the  ne^it  and  placed  iu  a  cold 
atmosphere  ;  it  being  shown  by  collateral  exjjeriments,  that  the  lo^  of  heat 
wa^  not  to  be  attributed  to  the  absence  of  feathers,  nor  to  the  extent  of  sur- 
face exposed  in  comparison  with  the  bulk  of  the  body;  and  that  nothing 
but  an  abtfolute  deficiency  in  the  power  of  generating  it,  would  account  tor 
the  fall  of  temperature.  This  is  quite  con  form  able  to  facts  well  ascertained 
in  regard  to  Mammalia.  The  fietns,  during  intrauterine  life,  has  little 
power  of  keeping  up  its  own  temperature ;  aud  in  many  cases  it  is  much  de- 
pendent on  external  warmth  for  some  time  after  birth.  The  degree  of  this 
dependence,  however,  differs  greatly  in  the  various  species  of  Mammalia,  as 
among  Birds;  being  less,  in  proportion  as  the  general  development  is  ad- 
vanced. Thus,  young  Guinea-pigs,  which  can  run  about  and  pick  up  food 
for  themselves  almost  as  soon  as  they  are  born,  are  from  the  tirst  indepen- 
dent of  parental  warmth  ;  whilst,  on  the  other  hand,  the  young  of  Dogs, 
Cats,  Rabbits,  etc,,  which  are  born  blind,  and  which  do  not  for  a  fortnight 
or  more  acquire  the  mme  development  with  the  preceding,  rapidly  lose 
their  heat  when  withdrawn  from  contact  with  the  body  of  the  mother 

439.  In  the  Human  species,  It  is  well  known  that  external  warmth  is 
neces^ry  for  the  Infant,  its  body  rapidly  hi?^ing  heat  wben  exposeil  to  the 
chilling  influence  of  a  low  temperature;  but  the  fact  is  too  often  neglected 
(under  the  erroneous  ideas  of '*  hardening'*  the  constitution)  during  the 
early  years  of  childhood.  It  is  to  be  carefully  remembered,  that  the  develop- 
ment of  Man  13  slower  than  that  of  any  other  animal,  aud  that  his  ealorify- 
i»g  power  h  closely  connected  with  bis  general  bodily  vigor;  and  though 


^  [SttiitliBnniAn  Contributions.] 

'  On  the  Influence  of  I'byaical  Agents  on  Life,  part  iii,  ebiip.  I. 
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the  fnfaDt  berr>mes  more  iudeprKient  of  it  m  rle%*elopmeDt  aiimntr*,  it  > 
nmiiy  years  before  the  stAQihtrtl    vmi   he   maintainei!   witlioTit    a^UtjiDnr^l 
througbma  the  prdi nary  vids3itiide«  of  external  terHperatiirv.     ^  ^r» 

is  required  with  regard  to  the  nminteiiance  of  the  bodily  bcfr  !i.nAl 

warmth,  in  the  case  of  children  premafcur^iy  borti :  for  tbe  earlier  thr  i^^jy^A 
of  embryonic  life,  the  Je^s  k  the  power  (*f  caloriHeation  that  pvEwt,  tVsr  >iamv- 
time  after  birth.     The  temperature  of  a  seven  months'  ebih:  «^^l 

Bwatheil  and  near  a  good  fire,  was  found  by  Dn  W.  Edwards,  r,-^ 
three  honrs  after  \U  birth,  to  be  no  more  than  89.6^.  And  in  sume  i 
reroi*ded  instances  in  whieh  the  birth  has  taken  place  before  tlie  eouipy 
of  the  sixth  month ^  it  has  not  been  found  posi^ible  to  maintain  the  tnnnil 
of  the  infant  by  exposure  to  the  radiant  beat  of  a  tire,  the  eouiact  <  "  ' 
warm  l>ody  of  another  per!?on  being  the  only  effect nal  meatus  of  keejtifif  op 
iu  temperature. — The  fullest  measure  of  ealorifying  p^wer  is  pcig^eetieil  bf 
adult*;  but  even  in  them  it  is  sflnietimes  weakened  by  previoa^  exenion,  ^o 
that  death  by  the  cooling  of  the  body  may  occur,  when  the  body  i»  C'lpow^ 
to  cold  of  no  great  intensity,  but  in  a  ?lale  of  ex  hay  st  ion  of  Ders'tiui  p(»«^ 
a  fact  which  remarkably  confirm^  the  view-^  advanced  in  the  preeeditig] 
graph.  A  decrease  ol  calorifying  power  taken  place  in  ad  van  Ltd  lu^r 
people  ccmi plain  that  their  ''  blood  is  chill  ;**  aud  they  fiuffl  [ 
eJtpo&ure  to  eold,  the  temperature  of  the  whole  body  being  lou^... 

440.  These  fact^  have  a  very  interesting  connection  with  the  rteal 
gtatistical  inquiriei(,  as  to  the  average  number  of  deaths  at  dtffereiil  i 
the  ibllowing  are  recorded  by  M.  Qnetelet/ a«  occurring  at  BrtiaaedfJ 
mean  monthly  mortality  at  each  age  being  ^e4^kol]ed  a^i  100. 


Jjinuftfy,    ,  , 

Ft'brunry;  .  . 

Mil  roll,  .     ,  , 

ApHl^     .     ,  * 

M«y,,     .     .  , 

Jime,,    .    .  . 

JulVf ...  I 

Auirus^ii  .     .  , 

Rpfitf*mber, .  ■ 

Uciobofi*     .  . 

Novt*m  Wr, ,  . 

DecL-mbor,  .  . 


Fimt 

2-3 

6-ia 

25-80 

inutilh. 

yearn 

je»«. 

yearn 

t.an 

1.2*2 

1.08 

LOS 

128 

1.13 

LOG 

1.04 

hH 

I. SO 

L27 

LU 

102 

1.27 

IM 

loe 

OM 

hVI 

1.21 

L02 

0.83 

OM 

OM 

L02 

0.78 

0.82      I 

0.88 

O^t 

0.79 

o.7a    1 

0.82 

O.M 

0  8tS 

078 

oat 

OM 

0,01 

0.78 

0.7tt 

QM 

0  9S 

ODl 

080 

0,ft7 

1.07 

101 

OM 

a.07 

fi»ii. 


!f!» 


We  see  from  this  table  that,  during  the  fir?t  months  of  infant  iife-,tJi«a' 
ternal  temnemture  has  a  very  marked  influence  ;  for  the  nvemge  morttli^f 
during  each  of  the  three  summer  months  being  80»  that  of  January  i»  aattr 
140,  and  the  average  of  February  and  March  is  125,  This  i^  confirmHl  k' 
the  result  obtained  by  MM*  Villerm^^  and  MIIne-Edwanl^,  in  their  rmitJtljts 
on  the  mortality  of  the  children  conveyed  to  the  Fonmilin;^  U*  '  tbe 
different  towns  in  France,  tor  they  not  only  ascertaineil  tlvn!   '  »? 

IS  much  the  greatest  during  the  first  three  months  in  the  ^  ^*i 

it  varies  iu  different  parts  of  the  kingdom,  according  to  th'  -tJ 

of  the  winter/    Am  childhood  advances,  however^  the  winter  QioruidiiV  dh 


^  Bs^Bi  de  Phyfiique  SoHttle,  lorn   i^  p:  197. 

*  Dr.  SrnFirson  tias  ^hown  thut,  in   the   Sniuhern   and    Middle  StAtn  of  I^n 
Aniericiijthe  hi^h  fuwim«r  temperHturo  li  the  grenteat  cause  of  Infunt  tnor tilttj :  iki 
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minishes,  whilst  that  of  the  spring  undergoes  an  increase ;  this  is  probably 
due  to  the  greater  prevalence  of  certain  epidemics  at  the  latter  season ;  for 
the  same  condition  is  observed,  in  a  still  more  remarkable  degree,  between 
the  ages  of  8  and  12  years, — the  time  when  children  are  most  severely 
aflected  by  such  epidemics.  As  the  constitution  acquires  greater  vigor, 
and  the  liodily  structure  attains  its  full  development,  the  influence  of  the 
BeasoD  upon  mortality  becomes  less  apparent ;  so  that  at  the  age  of  from  25 
to  30  years,  the  difference  between  the  summer  and  winter  mortality  is  very 
dight  The  difference  reappears,  however,  in  a  very  marked  degree,  at  a 
later  period,  when  the  general  vigor,  and  the  calori tying  power,  undergo  a 
gradual  diminution.  Between  the  ages  of  50  and  65,  it  is  nearly  as  great 
as  in  early  infancy ;  and  it  gradually  becomes  more  striking,  until,  at  the 
■ge  of  90  and  upwards,  the  deaths  in  January  are  158,  for  every  74  in  July 
(a  proportion  of  2}  to  1) ;  and  the  average  of  the  three  winter  months  is  145, 
whikt  that  of  the  three  summer  months  is  only  68,  or  less  than  one-half. — 
The  results  of  the  comparisons  which  have  now  been  carried  out  for  many 
Buccessive  years  in  the  Keports  of  the  Registrar- General,  between  the  varia- 
tiond  in  the  weekly  rate  of  mortality  in  the  Metro|)olis  and  the  range  of 
atnioepheric  temperature,  present  a  close  coincidence  with  the  foregoing :  it 
being  especially  to  be  noted,  that  the  rate  of  mortality  (save  during  the 
prevalence  of  any  fatal  epidemic)  is  almost  invariably  the  highest  during  the 
winter  months ;  that  the  iucrea:«e  of  deaths  at  that  |)eriod  is  most  nuirked 
amongst  children  and  old  people ;  and  that  any  extraordinary  severity  of 
winter  cold  constantly  produces  a  great  augmentation  in  the  mortality,  the 
weekly  number  of  deaths  rising  from  the  average  of  1100  (or  thereabouts) 
to  1600  or  even  1800,  when  the  mean  temperature  of  the  week  remains  six 
or  eight  degrees  below  the  freezing-point. 

3.  Evolution  of  Light. 

441.  Although  the  evolution  of  Light  from  the  living  Human  subject  is 
an  exceptional  phenomenon,  which  has  only  been  observed  in  morbid  states 
of  the  Iwxiy,  yet  its  occasional  occurrence  is  fraught  with  interest  to  the 
Physiologist,  on  the  one  hand  from  its  relation  to  the  Luminosity  so  com- 
mon among  the  lower  animals,  and  on  the  other  from  the  indications  which 
it  affords  of  the  possibility  of  the  formation,  even  during  life,  of  ])eculiar 
phosphuretted  compounds,  which,  being  products  of  incipient  decomposition, 
have  been  usually  supposed  to  be  generated  only  alter  death. — There  is  no' 
doubt  that  luminous  exhalations  frequently  ascend  from  burial-grounds ;  and 
that  the  superstitions  of  many  nations  respecting  "corpse- lights"  have  to 
this  extent  a  foundation  in  fact.  A  very  decided  luminosity  has  been  ob- 
served to  proceed  from  dissecting-room  subjects,  the  light  thus  evolved  being 
sufficient  to  render  the  forms  of  the  bodies,  as  well  as  those  of  muscles  and 
other  di!<secte<l  parts  (which  are  peculiarly  bright),  almost  as  distinct  as  in  the 
daylight.  That  this  proceeds  from  the  production  of  a  peculiar  phospho- 
rescent compound,  is  shown  by  the  fact,  that  the  luminosity  may  be  com- 
municated to  the  fingers  or  to  towels,  etc.,  by  contact  with  the  luminous 
surfaces.^ — Dr.  W.  Stokes  narrates  the  case  of  a  patient  who  was  under  his 


proportion  of  doiitlis  durini;  the  first  yonr  of  childh«>o«l  oj'currintj:  in  the  months  of 
June,  July,  and  August,  boinp  Hbouifonr  tinuvs  ejreater  than  that  occurring  during 
the  SHine  months  in  any  subsequent  year  up  to  the  iiiije  of  2«>.  The  whifn-  mortality 
under  the  second  year  scarcely  exceeds  the  average  of  subsequent  v<*arg.  (Amer. 
Jour,  of  Med.  Sci.*  Nov.  1831.) 

>  See  Sir  Herbert  Marsh,  on  the  Evolution  of  Lij»ht  from  the  Living  Human 
Subject  (Dublin,  1842),  p.  20.— From  this  interesting  pamphlet  most  of  the  state- 
ments in  this  paragraph  arc  derived. 


sso 
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ohservation,  eome  jeara  since,  in  tlie  Old   Meath  Iltiwpilal,  hAviDg 
ftdmiUed  on  aecount  of  an  enormous  cancer  in  Iji'f  brea^^t,  whMi  u: 
advanced  stage  of  nice  ration^  the  edges^  being  irregttliir  and  r 
pail  of  the  bailie  and  edties  of  this  cavity  wa.*  sirongly  j^v"-"^ 
liglit  being  sufficient  to  enable  the  figures  on  a  waiobHliiil  r 
nltbin  a  few  incbes:  and  here  also  it  ap|ieared  ihai  tbe  luaij 
to  a  particnlar  exudation  from  the  exposed  eiirfaee,     TlirtH^ 
corded  by  Sir  H.  Marsh,  in  which  an  evolution  of  light  U-  '  :: 

living  bt>dy,  without  any  such  obvious  siiurce  of  decon.  -   all  tW 

subjects  of  thcjie  oa^*^,  however,  were  in  the  last  stage  ot  ptitliL»t»;  amS  it 
can  scarcely  be  doubted  that  hei«e,  aa  In  other  dif*ea.?es  of  exJuitiMttofi,  m* 
cipient  djisiutegmtion  wa:^  taking  place  during  the  later  j)€rkid*of  Itfr  (§  i 
The  light  ia  each  case  h  described  m  playing  around  the  facf%  bill  iwHi 
dir^'tly  proceetiing  from  the  surface;  and  iu  one  of  thef^c*  in$taneo,  wIim 
was  reeonied  by  Dr,  D.  Donovan/  not  only  was  the  lumitiini*  i&pfic«r 
pcTceplible  over  the  ht^ad  of  the  patieot'B  lied,  but  htminou^t  vnpcint  mi^ 
m  streams  through  the  ftpartrnetit.  It  can  scan-ely  be  doiibtrti  tW  it 
Vfm  here  the  hrmth  which  contained  the  luminous  eomj>ouiid,  morr  »pe- 
daily  a?  it  was  observed  in  one  of  the  caj?es  to  ha%^e  a  very  peculij*'^  .tm.  it  -  i^nfj 
the  probability  that  the  lumiut^ftity  was  due  to  the  pre^nnice  •  r-^* 

in  progress  of  alow  oxidation,  is  greatly  increased  by  the  fat  i  u 
ferred  to  (§31f>),  that  the  injection  of  phcisph u retted  oil  into  i: 
ve^^els  gives  ris^e  to  a  similar  appearance.  In  repealing  thl?  exprnmrrjij 
H.  Marsh  state^^  that  when  half  an  ounce  of  olive-oil,  holding  two  grittiif« 
phor^phnrus  in  solution,  was  injected  into  the  crural  vein  f»f  ii  dog,  ft  ilmi*' 
white  vapir  began  to  issue  from  the  nostrils  even  before  tbe  9friog<v  vm 
completely  emptied,  which  became  faintly  luminous  on  the  remoraJ  cif  llie 
lights:  and  the  injection  being  repeated  with  the  same  quantity,  the  exptrir 
tion  ininrediately  became  beautifully  luminous,  resembling  jct»  of  ptle^ 
colored  tlame  pouring  from  the  nostrils  of  the  animaK  And  tbr  }nrrimr«ST 
which  haB  been  occasionally  observed  in  the  urine,*  may  fair!'  ■'  i 

to  an  tncrea^e  in  the  quantity  of  unoxodiaed  phosphorus  wh    :.     . 
normally  to  contain;  its  libemtion  taking  place  at  a  more  mpid  m\t  tiiiii  I 
its  conversion  into  phosphoric  acid,  either  through  exceswive  escretimi  ^ 
[through   impeded  respiration-*    A  case  ha«  been  recorded  by  Ka^tir  i t«i(l  I 
icit.),  in  which  the  bodydineu  was  rendered  luminous  by  the  i>en^|iinitwii», 
niter  any  violent  exercise;  and  here,  too,  the  cause  may  lie  pre«wmtd  t*  | 
have  been  the  Mmc^On  the  whole,  then,  we  may  conclude  IL  niaJ 

evolutiot)  of  Light  from  the  Human  subject  to  be  the  conw  nen 

not  an  ekctrimi  phenomenon)  of  the  produciion  of  a  f*ho8phui\>4.tiit  ri^- 
pound  at  the  expense  of  the  disinlegrattng  ti?^ut^:  which  compound  p**« 
otr  through  one  of  the  ordinary  chaunelB  of  cxeretioD. 

4.  Emhttion  qf  Eledrieit^, 

442,  When  the  vast  variety  of  changes  of  condition  t*^  ^J«* 

nentB  of  the  living  Ixidy  are  subjected  during  the  perfoni  itii 


>  DuhHn  Medlenl  Pre«i,  J  tin.  mth,  lilO. 

*  Cxsper'sWrjcbcnfchrift,  I84n,  HtK  15 — Acnat^  Iih*  bi*<?n  pnt  nit  r***: 
Hrp'-rt.,  Bd*  vtil,  p,  3^;^),  in  whkb  th«  urim*  Hfid  ^^tmrn  of  n  fnilfnt  \ 
UvMUtimil  Ibr  ini|*ott?m'c  und  .»(H?pmttlorrliflcn»  Hrid  whu  wn»  r- 

*  Thr  liir;^c!'  pruportJon  of  int*-m[n*riit*_*  *uhjev'tf,  nmon^c  tho*t    « 
noim'hnii.  j-eciua  l<»  eon  Up  fit  I  he  vii^w  ftln-ady  i'Xprcftie^,  ihiit   ibr 
Aktdiol  in  the  blotid  iutorfLTcs  witb  the  ujcidMltoii  und «limiajitiuu  ~.  ^. 
mitt^rt. 
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operatioD9,  and  the  impos-sibility  of  the  occurrence  of  any  of  these  without 
fiomc  disturbance  of  Electric  equilibrium,*  are  duly  considered,  the  wonder 
18,  not  that  such  disturbance  should  be  occasionally  so  considerable  as  to 
make  itself  apparent,  but  that  it  should  be  ordinarily  so  obscure  as  only  to 
be  detected  by  the  most  careful  search,  and  with  the  assistance  of  the  most 
delicate  instruments.  The  researches  of  Prof.  Matteucci,  M.  Du  Bois-Rey- 
moud,  and  others,  however,  have  now  made  it  apparent,  that  there  are  no 
two  parts  of  the  body. (save  those  which  correspond  on  the  opp«)site  sides), 
whose  electrical  condition  is  precisely  the  same  ;  and  that  the  difforences  be- 
tween them  are  greater  in  proportion  to  the  diversity  of  the  vit4il  processes 
which  are  taking  place  in  them,  and  to  the  activity  with  which  these  are 
being  carried  on.* — It  is  by  the  compariiion  of  the  electric  states  of  different 
secreting  surfaces,  that  such  departures  from  equilibrium  are  most  readily 
demonstrated.  Thus,  Donne  found  that  the  skin  and  most  of  the  internal 
membranes  are  in  opposite  electrical  states ;  and  Matteucci  observed  a  con- 
siderable deflection  of  the  needle  of  a  delicate  galvanometer,  when  the  liver 
and  stomach  of  a  rabbit  were  connected  with  its  platinum  electrodes.*'  More 
recently,  Mr.  Baxter  has  found  that  if  one  of  the  electrodes  be  placed  upon 
any  |>a'rt  of  the  intestinal  surface,  and  the  other  be  inserted  into  the  branch 
of  the  mesenteric  vein  proceeding  from  it,  a  decided  deflection  of  the  nee<lle 
is  produced,  indicating  a  jiositive  condition  of  the  blood  ;  but  that  no  efl^ect 
is  pnxluced  when  the  second  electnxle  is  inserted  into  the  artery  of  the  part, 
instead  of  into  its  vein.  These  effects  were  found  to  cease  at\er  the  death  of 
the  animals ;  and  could  not  be  attributed,  therefore,  to  mere  chemical  difl^er- 
ences  between  the  blood  and  the  secreted  product ;  hut  must  have  arisen  from 
electric  disturbance  taking  place  in  the  very  act  of  secretion.*  Scoutetten 
and  Shetlle,^  again,  have  found  arterial  blood  to  be  positive  in  its  relations 
to  venous  blo<Kl. — That  the  process  of  Nutrition,  as  well  as  of  Secretion,  in 
parts  which  are  undergoing  nipid  molecular  change,  gives  rise  to  electric 
disturbance,  is  proved  by  the  exi)eriments  of  Matteucci  and  Du  Bois-lloy- 

*  Thero  h  probjibl}'  no  iiintnTiCi'  of  chemicnl  tnn'uti  or  decomposition,  in  which  tho 
Elpctric  condition  of  the  bodii's  cf>ncornod  is  not  altc^HMl.  Siinplo  chanfff.  oj'/nrmf 
Irom  Solid  lo  liquid,  or  from  li(|uid  to  «]jjis(»oii<,  i-  atlcndi'd  with  (Otfctric  disturhnnce ; 
and  this  i:*  gr«*ally  incroaM-d  when  any  .-fparaiion  take:'  place  ln'twccn  Mih-lances  that 
wtn-  pn*vi'iu>ly  united,  as  when  water  c»)?itaiiiinij:  a  small  ipmniity  t»f  >alirh'  matter 
i*  cHU^eil  lo  ovMpurute  and  to  leave  it  behind.  Hint,  attain,  i.-*  continually  i^eTieralini; 
EI«*clri<'ity  ;  for  not  only  is  a  current  produced  by  the  hVatini^  of  two  di>similar  Tiu-tals 
in  contact,  liut  also  by  the  unequal  hfatini^  oi  twt»  parts  of  the  rame  bar  ;  ami  lhoui;h 
the  effet't  is  mo.-t  ^trikint;  in  the  case  of  UH-tals,  it  is  by  no  means  limited  to  ilxMn. 
And  so  constantly  is  Electricity  cjenerated  by  the  retardation  of  ttKtfion,  as  in  friction, 
that  it  i*  n«»t  jM»ssible  to  rub  t<)g«'ther  any  two  .sub-lances,  exc<»|»tini^  ihos<'  whii-h  are 
of  tho  ino?it  perfect  homt»j»eneity  (such  as  the  fractured  surfaces  of  a  broken  bur), 
without  the  production  of  Electric  chauijjo  as  well  as  t»f  Heat. 

*  llavini;  had  an  oppi>rtunity  of  witnessing  some  o\'  the  i-xperiments  made  by  M. 
Du  Boi^-Keymond  with  a  mai^neto-eh'Ctrometer  of  extra<»rdinary  honsitiv«'m'?^,  tho 
Authfircan  bear  his  |M>rsonal  ti'stimony  to  the  fact,  that  the  electricity  even  o\'  the 
corrp.*|K>nding  fingers  of  the  two  hafids  is  very  seldoiu  iMpially  babmced,  and  that  tho 
existence  of  even  the  slightest  scratch  or  abrasion  of  surface  up«>n  one  of  them  pro- 
duc*-s  a  very  marked  disturbance. 

*  See  M.  Becquorel's  Traild  de  I'Electricite,  tr)m  i,  p  J>27,  and  tt>m  iv,  p.  0(K). 
Fnmi  his  researches  on  the  electrical  organs  of  the  Torpi'do,  Prof.  BabuthiTi  iCen- 
tralbhitt,  1870,  j).  241)  arrives  at  the  conclusion  that  lh«'y  are  essentially  mu-eles  in 
which  the  ffroper  muscular  or  contractile  substance  i«»  absent,  and  conver.r«'Iy  be  re- 
ganis  muscles  as  electrical  organs,  in  which  inuscular  Hbrc-i  are  introdu.-ed  betw«M»n 
llip  eleciriciil  septa.  Maroy  (Comptes  Kendu«',  Ixxiii,  pf»  01^  and  U'>Si  found  tho 
perir^l  of  Intent  excitation  of  tho  •  lectrical  apparatus  of  the  torpedo  io  bt'  ^'^th  of 
trecfind,  whilst  that  of  tho  muscles  of  the  frog  i-  g^yth. 

*  PhilojM.phical  Transactions,  1848,  p.  243. 

*  An  Essay  on  tho  Electricity  of  the  Blood,  18G7. 
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iDond,  upon  the  relative  electrical  states  of  different  |mrts  of  ttiu^J* 
nerves.  If  the  two  exireniities  of  a  Muscle,  removed  from  the  ImmIv  nf 
animal  vtry  recently  killed,  be  ajiplied  t**  the  two  electrtKJes  of  a  drliiuU* 
galvanometer,  there  h  Ui!=utilly  some  deflection  of  the  needkj  thw 
greater*  in  proportion  to  the  dlflereiice  in  the  ftrraogement  of  thr  mti 
and  tendinous  elenients  at  the  two  extremities.  Although  the  clir«*rti( 
the  current  is  constant  for  each  muscle,  yet  there  is  do  constant  wlatioii  ht* 
ttvecu  the  direction  of  the  currents  and  the  [M>sitioo  of  the  mns4dr*  in  iM 
body ;  thus  in  the  ^offtrocuemnas  of  the  Frog**  leg,  the  direction  i^  fmm  the 
fcK>L' towards  the  body,  whikt  in  the  sartnrittn  it  is  the  reverse.  TaV 
the  uinscles  of  a  part' together,  however,  there  is  ustniUy  ^uch  n  wjur 
ance  between  the  oppo?^ite  currents,  that  a  constant  cummt  i*^  *- 
the  direction  of  the  strongest  and  nuiat  nuniemus  nf  the  ftr|mi  . 
currents;  this,  in  the  Frog,  pa^i^s  uniformly  from  the  hi  ml  IH-t  Imv\;u« 
head,  and  wa^^  at  one  time  supptJ^ed  to  be  pecidinr  to  that  animal . 
similar  current  may  almost  always  be  detected  in  other  aninial:*.  Thr 
cular  current  grow.^  feebler  and  feehler,  the  longer  the  mu^r-|e  ha^  Nx^n  r^ 
moved  from  the  body ;  it  is  aHected  by  any  agentjs  which  tend  lu  lower  itt 
vitality,  and  becomci?  extinct  as  soon  as  its  contractility  ceaM-s.  From  the 
eic  peri  tn  cuts  of  M.  Du  Bois-Reymond,  it  may  be  cone  hided  thai  the  currrot 
in  the  arm  of  Man,  when  at  rest,  is  from  the  shoulder  towarcis  the  |K>i(t!*<jf 
the  fingers.  (The  e-pecial  conditions  of  the  ^*  Nervous  **  atid  "Muscular" 
currents  will  be  hereafter  fully  considered  in  the  chapters  devotisi  to  \h€ 
Nervee  and  Muscles  respectively/) 

443.  Some  of  the  most  important  par t-s  of  the  biniy  being  tli 
of  constant  dwequUibrinm  with  regarrl  to  eadi  other,  it  is  not  si. 
the  Electric  state  of  the  whole  should  be  ordinarily  in  dlseijuiiibMuui  v^nh 
til  at  of  !^urroundiu|^  bt>dies.     This  di  Here  nee,  however,  h  u^uallv  iitv^v*  iit^ 
from  manifesting  itself,  in  consequence  of  the  restomtion  of  th- 
by  the  free  contact  which  is  continually  taking  place  hetwi?en  i 
is  for  the  niost  part  only  when  the  Human  bodv  its  iusuhitcil,  that  it  bcc«>irn* 
apparent.     The  galvanometer  is  then  affected,  however^  by  the  cmjiari  »l 
one  of  itt*  electrodes  with  the  f>ei^on  insulated,  and  the  other  with  ai*v  winth* 
boring  uninsulated  body  :  and  a  I  ho  by  the  contact  of  the  electrode*  with  tk 
hands  of  two  persons  both  itisulateti,  who  join  their  other  hands  tugeth^*f.i 
difference  in  the  electrical  states  of  ihe  two  individuals  being  thus  iudicalM 
The  electriciiy  uf  Man  k  most  commonly  piksilivei  and  irritable  men  of pjiii- 
guitic  temperament  have  more  free  electriciiy  than  those  of  phlegnmtie  c^lt^ 
actcr.    The  electricity  of  women  is  njore  frequently  negative  than  llmt  "f 
men.     There  are  |>crsons  who  scarcely  ever  pull  off  articles  of  drtw  tW 
have  been  worn  ncatt  the  5<kin,  without  sparks  and  a  crackling  noi?»e  k^"f 
produced;  especially  in  dry  weather,  when  the  electricity  of  the  IkhIv  if  r^ 
taincd,  instead  of  being  rapidly  dissipated  as  it  is  by  a  damp  itfn^^ptK'rt. 
The  effect  is  usually  heightened^  if  silk  sti»cking3  auc)  other  siV  !< 

have  been  worn,  sinc^  these  act  as  iusidators.    It  is  doubtless  in  [  •^^' 

table  to  the  friction  of  the  articles  of  dress  against  each  t>ther  and  ap^tii 
the  body;  but  we  can  scarcely  tlotibt  that  it  is  partly  due  to  thr  -t  ri^M-it'io 
of  electricity  in  the  body  itself,  since  it  bears  no  constant  rvl-:  * 

form  e  r  of  th  esc  sup  posed  ca  u  ses»     Thus  a  Capuchin  f rl  a  r  is  1 1 » . , ^  "'J 

Dr.  Schneider/  who,  on  removing  bis  cowl,  always  found  a  number  fi(  ^^^^ 
ing  crackling  sparks  to  pass  from  hh  scalp ;  and  this  phenomenon  rrtattnitt" 
Hktiil  perceptible  after  a  three  weeks*  illness, — The  must  rcmarkahh*  ci«  o» 
the  generation  of  Electricity  in  the  Human  subject  at  present  koowUt«i* 
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neoorded  some  years  since  in  America.^  The  subject  of  it^  a  lady,  waa  for 
inttii]^  moutlifi  in  an  electric  state  so  differeot  from  that  of  surrounding  bodies, 
thni  whenever  &be  was  but  slightly  insulated  by  a  carpet  or  other  feehlj 
conducting  tnedium,  sparks  j>a?vHed  between  her  person  and  any  object  she 
tt|iproiiched ;  when  ino$t  favorably  circuinsitariced^  four  i^parkss  per  minute 
•would  pa5s  from  her  linger  to  the  bms^s  ball  of  the  stove  at  the  dis^tance  of 
li  inch.  From  the  pain  which  arcompanie*!  the  passage  of  the  .-sparks,  her 
condition  wa^  a  source  of  much  discomfort  to  her.  The  (circumstances  which 
mo5t  favorable  to  the  generation  of  the  electricity,  were  an  atmos- 


phere of  about  8(F,  tranqnillity  of  mind,  and  social  enjoyment ;  whil^^t  a  low 
tem()€rature  and  depressing  emotions  diminbbcd  it  in  a  corrtsponding  de- 
gree. The  phenomeuou  was  first  noticed  during  the  occurrence  of  an  Aurora 
Boreali^ ;  and  though  its  first  appearance  was  sudden,  its  departure  was 
gradual.  Various  experiments  were  made,  with  a  view  of  agcertaining  if 
I  he  electricity  was  generated  by  the  friction  of  articles  of  dre^;  but  no 
change  in  these  seemed  to  modify  its  iii tensity. 


CHAPTER  XIIL 

OF  THE   F0KCTIOXS  OF  THE  CEE EBRD-SPINAL  NERVOUS  SYHTEM, 
1 .   GentTui  Sh  mm  a  ry. 

444.  The  Nervous  System  of  Man,  like  that  of  all  other  Animal^  is  com- 
prised of  t/inigiimik  etmivfJi  and  nerimtrimh;  the  former  (Figs.  L'S^,  184) 
b**ing  essentially  composed  of**  vesicular  substance,"  made  up  of  cells  whieli 


Fio,  18S, 


Fig.  tfli. 


Fto.  189,— Miei«flc<»pk  G»nglto[i  frora  HMtt  of  Fnig. 

Tm.  ItfC— Blporar  Gaii^l ionic  Cells  apri  Kerve-nbrf-s  fronj  tins  Gauglioti  «jf  Fifth  Pair  In  Lamprej. 

may  be  spheroidal,  fusiform,  candate,  stellate,  or  of  almost  any  variety  of 
shape;  the  latter  consisting  entirely  of  "  nerve-fibres,"  which,  in  their  most 
c'ompletely  developed  state,  are  tubular.  If  the  structure  of  an  ordinary 
ner\'e  like  the  Median  be  examined,  it  will  be  found  to  consist  of  an  invest- 
ing membrane  of  connective  tissue,  or  perineurium^  In  which  small  vcfisels 

^  American  Journal  of  Med  lea!  Scicncea,  Jaauary,  1838, 
36 
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and  nerves  ramify.  From  the  internal  surface  of  this,  processes  are  giveo 
off  which  divide  the  nerve  into  smaller  bundles  or  funietili  And  tbw 
ftiniculi,  according  to  Ranvier,  are  invested  by  an  epithelium  exhibited  it 
Fig.  185,  consisting  of  large  flat  cells.  These  are  considered  by  some  ob- 
servers to  reprci?ent  the  lining  of  a  lymphatic  space.*  On  further  di«e^ 
tion,  the  individual  flbres  may  be  separated  from  one  another,  and  in  thepe^- 
fcctly  fresh  state  appear  as  clear,  transparent,  and  highly  refractile  threids^ 
in  which  no  trace  of  structure  can  be  discovered.  After  short  exp(»Dreto 
the  action  of  air,  water,  and  other  reagents,  a  kind  of  coagulation  occon, 
and  it  then  appears  that  each  fibre  is  composed  of  a  very  delicate  sheatii, 


Fig.  185. 


Fig.  186. 


^uu<»'j 


Fui.  IS,!.— ruiiiiiilu«<  i>f  a  ninu>t.'  afti-r  iinpr(>p;natioM  with  nitrate  of  silvi-r-  ]<ar^>>  fl-it  fjii'l'l"*^ 
ci.'IIn  ar-.'  ^Ofii  covt-iiii.:,'  il>  siiit'iico.  Tho  i-x)>luiiutiun  of  tin*  siuull  cn»ssv.H  i.^  »eon  by  rvferenif!"^^* 
next  fi^'un.'. 

Fiu.  ISG.— Ni'rvc-filtro  fntni  tlie  .>ioiatio  nerve  of  tlie  rabl^lt  after  tlie  artii»n  of  Ditrjilcnf  :«■'■*•'  - 
rin;;  furim.*!  by  thiikened  nienjbraue  <»f  Schwann  ;  ni,  wliite  sub.-.tani'-  af  Schwann  remb  n-l '"■* 
lian.iit  by  ^'lyel■rin  :  C//.  eylinder-axi.-*,  which  just  al>ove  anil  bibiw  the  level  of  the  auunUr  o'C'tr.'-"-* 
presents  thi-  ^tri:e  of  Frunuiumn. 

the  sheath  of  .Schwann,  or  nourilcnima  (1,  Fig.  187),  within  which  is  an  ole- 
aginous niatcrijil  termed  the  white  or  medullary  substance  of  Schwaiiu  -• 
whilst  the  core  or  centre  is  formed  by  an  albuminous  round  or  llattfuw 
thread,  the  (U/Vr /////< r^r,  or  primitive  band  {'^\     Ranviord^ 
fk..  i>7.     scribes  certain  annular  constrictions  '  Fig.  18(>)  on  all  moluliiff^ 
J,,         nerve-fibres  at  intervals  of  about  :.V^th  of  an  inch,  which  maybe 
brought  into  view  with  various  reaj^ents,  as  the  picnvcarminitt 
of  ammonia  and  osmic  acid,  and  which  he  thinks  are  cau^^dbr 
a  thiekeninjr  of  the  membrane  of  Schwann.     The  const rictiois 
appear  to  divide  the  white  substance  of  Schwann  into  S(»giueDt«, 
eaeh  containing  a  nucleus.     The  cylinder-axis  runs  t*ontiuuously 
through  the  constriction  without  presenting  any  trace  of  ?«f 
i»ia-ramof  uieiitation,  except  that  when  the  fibre  is  treated  with  nhratew 
stnietnre  <.f  silvep,  it  prcscuts  a  laminated  as|>ect,  just  above  and  Iwlo^tl* 
N.  rv.-jibre.    constriction.     No  such  constrictions  are  presented  by  the  fibrS 

^  Tainani-clj.-t',  O'nlralblMlt  fur  »li«  Med.  Wi>s.,  1872,  ]>.  .'»D3,  who  aUo  giiM-HnwiO' 
jciriiiivi-  tnhlr  of  tho  aciinn  nf  variotjs  roai»onts  on  tlio  cyliiulcr-nxifl  und  on  tlhumea. 
Soi'  uUn  A.  V.  'riirok.  Wur/.biiri^  rhy>ikal-Mcd.  Verhuiid.,  B«l.  iii,  41. 

'  iJn.vvri-Scqiiani's  Arrhivi-.-'do  lMi\>i()loi;io,  1872,  p.  129,  No.  2.  Siichf,  CfDinl- 
Matt,  1S7.'5,  J).  r)7S.  An  account  of  Kiinviur's  discovery  will  be  found  in  the  L«ncti 
1872,  vol.  i,  i».  477. 
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ak,  or  the  nou-meduUated  fibres.  The  nuclei  lie  between  the  mem- 
»f  Schwann  and  the  white  substance  of  Schwann,  in  which  last 
6  included.  They  are  surrounded  by  a  layer  of  albuminoid  sub- 
vhich  does  not  stain  with  perosmic  acid.  In  the  ganglion-cells  con- 
n  the  brain  and  spinal  cord,  and  in  the  ultimate  peripheral  rami- 
of  the  nerves,  both  the  neurilemma  and  the  white  substance  of 
1  become  indistinct  or  wholly  disappear, 
le  axis-cylinder  has  been  observed  to  break 
fibrils  of  extreme  tenuity,  tenned  primitive 
>ril8;*  these  are  represented  in  Fig.  189,  a, 
iginous  compositioa  of  the  white  or  medul- 
istance  is  shown  by  its  ready  solubility  in 
[t  possesses  great  refrangibility,  is  extremely 
le,  but  inelastic,  and  of  a  peculiar  viscid  na- 
that  when  its  continuity  is  interrupted  it 
e  or  no  tendency  to  return  to  its  original 


Fig.  189. 


-0,  Axi»-oyl!ndor,  showing  its  fibrillar  structure ;  at  the 
,/,  J,  it  iit  seen  to  arise  from  a  ganglion-cell,  a,  only  par- 
■spnteil,  and  to  bt-coine  incrusted  by  n  medullary  sheath  at 
d  axis-cylinder,  from  thedorsnl  rej^ion  of  the  spinal  cord 
The  medullary  sheath  ba.s  been  removed.      * 

-PrlniitiTC  nerve-fibrils:  a,  from  the  nervous  fibre-layer 
la;  6,  from  the  external  granular  layer  of  the  retina,  show- 
larger  Tmricoelty,  resulting  from  imbibition ;  c,  from  the 
lerre  of  the  pike,  showing  a  thick  nerve  inclosed  in  a 
ikiag  up  Into  Abrillc 

'    The  peculiar  appearances  it  presents  in  polarized  light  have  led 
o  maintain  that  it  consists  of,  or  contains,  doubly-refracting  bodies 

[MxSchultze,  Art.  on  The  ni.st(»I<)£jy  of  the  Nervous  S^'stem,  in  the  first  volume 
jr'i  Humiin  and  Compunitivo  Hisioloiry,  Syd.  Soc.  Trans.,  1870,  p.  147. 
fockhart  CUrke's  Observations  on  tho  Structure  of  Nerve-fibre,  in  Journ.  of 
.,  vol.  viii,  p.  1. 
ed  in  Kahne'n  Phys.  Chcmie,  1868,  p.  839. 
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{crystalline  part  J  el  as),  the  optie  axt".<  of  whiL-li  are  arrangtHl  raflially  to  the 
priinilivt^  batui.  The  eyllmit^r-axi?^  in  itL<oiuble  in  ether,  and  further  differs 
from  the  white  gLib^laiice  of  Sehwauti  in  readily  staining  with  earmine. 
The  sympatheiic  nerves  eouiaiu  some  fihrt^  that  are  of  a  paler  coh>r  tliau 
tlioee  that  eunstitute  ihe  Timjcjrity  of  the  eerebro-spinal  nerv^,  and  are  fur- 
ther characteriaed  by  the  ab^sence  of  a  double  eoniour,  and  by  prej^euting 
nuclei  in  their  course,  but  fine  dark-edged  fibres  are  abundapt;^  these  are 
believed  by  some  observers  to  coniiiijt  of  bundles  of  minute  fibrils.  The 
diameter  of  ordinary  nerve-fibres  varies  from  the  j^o^h  lo  -Fi^io^th  inch, 
but  the  nltimate  fibrils  above  alluded  to  do  not  exceed,  according  to  Dr, 
Beale,  ^"^th  to  yooVon^^^  ^^  ^"  inch.  On  eareful  treatment  with  varioua 
hardening  solutions,  the  latter  may  be  isolatetl,  but  soon  imbibe  water  and 
present  varicose  enlargements  (Fig,  189).  Th^e  increase  rn  size  till  the 
film  becomes  nn recognizable  and  di^snppears.  The  precise  mode  in  which 
the  nerves  terminate  peripherally,  can  scarcely  be  said  to  be  accurately 
known  in  any  instance  perhaps,  with  the  exception  of  the  Pacinian  curpus- 
c!^.  In  the  ea^e  of  the  motor  nerves  and  of  the  nerves  of  s]>ecial  :ten§e, 
conmderable  differenceiii  of  opiniim  exit^t  (which  will  be  hereafter  more  par* 
ttcnlarly  referred  to },  a.^  to  whether  there  is  a  terminal  plexus,  or  whether 
the  nerves  end  in  loop?*  or  In  free  extremities,  or  become  continnou?:  with 
gland  or  mnHcle-ceils,  Dr,  Klein,  in  following  out  the  ner\*e3  of  the  Cornea, 
seems  to  have  tiatisfied  himself,  that  in  this  part  at  least,  the  fibre?  end  in 
free  extremities  which  run  up  between  the  cells.  Nerve-fibres  are  divided 
into  atierent  or  centrijietal,  which  convey  impressions  to  a  nervoibs  centre  or 
ganglion  ;  efferent  or  centrifugal,  which  conduct  impremons  frrnn  a  centre; 
and  central  or  intra  mesial  Nerves,  The  Crntripetiii  tierves  are  subdivitled 
'into  the  sensory  nerves  and  exeito-motor  nerves*,  the  former  conveying  im- 
pre^ions  which  are  usually  perceived  or  felt  by  the  individual,  ivhilst  those 
eonveyed  by  the  latter  are  ollen  unf>erceived.  The  Centrifugal  fibre?*  are 
subdivided  iiUo  motor  tierves,  di^itributed  to  muscles,  both  striated  and  nn- 
5t Hated,  secretory  fibres  distributed  to  glands,  and  inhibitory  nerves,  which 
are  capable  of  aiTesting  or  preventing  the  contraction  of  muscular  tissue. 
The  exisiente  of  fibres  capable  of  causing  airtive  elongation  of  muscular 
Ihre  is  i<till  J^ub  judice.  Nerve-cells  vary  much  in  their  form,  size,  and 
ructure.  The  simpler  kinds  are  round  or  oval,  the  larger  jjolygonal  and 
letlate,  and  it  is  probable  that  all  posses  a  nucleus,  and  give  off  one,  two, 
or  more  prolongations,  that  either  intercom mnnieate  with  the  processes  of 
ther  cells,  or  become  continuous  with  the  cylinder-axis  of  a  nerv^e  fibre 
~^ig,  1 00 j,  gradually  acquiring  a  neurilemma,  and  the  white  suljstance  of 
trhwann*  In  souje  instances,  as  in  the  cells  of  various  part^  of  the  spinal 
cord  I  Fig,  HH  i,  the  subdivision  and  ramification  of  the  prolongations,  which 
are  someumcrs  called  protoplasmic  processes,  are  very  remarkable,  a  close 
network  liting  formed  which  pervades  the  adjoining  |K>nion  of  the  nervous 
tissue.  In  other  instances,  only  one  or  two  processes  can  be  traced,  the  cells 
being  then  teruied  uni-  and  bipolar.  In  the  sympathetic  ganglia  of  the 
frog  and  other  animals  Dr.  Beule,  whose  researches  have  been  fully  con- 
firmed by  subsequent  inqnirers,  hits  ol)«erved  nerve-eelis  of  great  complex- 
ity of  structure,  the  chief  micro?icoptc  features  of  which  are  shown  in  Fig* 
192 J  A,  Such  cells  are  pyrilorm  and  nucleated,  and  from  their  pnuted  ex- 
tremity two  fibres  arise  (a,  frj,  which,  on  reaching  the  nervous  bundle  to 
which  they  are  distributed,  run  in  opposite  directions,  thus  affording  some 
support  to  the  view  maintained  by  Dr,  Beale,  that  every  nerve-fibre,  how- 
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ever  long  it^  course  may  '>^>  i^  ^  1^»<JP  unslii^  in,  aii«l  relyniif- 
cell,     Otie  of  ihe  fibres  i*f )  ia  usual  I  v  5?t  might,  i>enetrate«  int 
of  Ibe  c-tll,  and  apprar;*  like  a  glulk  to  the  ceil;  the  other  \t* 
SiOiJietiiJje^  double  at  fipst,  j?eeiti^  to  jirif*^  frotu  llje  exterior  of  tJ,- 
wiucIb  iipinilly  for  t\vt>  or  three  tinier  roujid  liie  former,     Bot 
resemble  the  cyliutler-aitU  of  i»rt3ionry  iit!rvt*-fihrei*,  and   Wu.   ■ 
t|Ueutly  benaiie  dark-lwrflereil,  or  remain   |ntk%  fibre*.     The  *|" 
bear  large  ublong  uuelei  in  their  course.     The  tlefcri pi  101114  giveo  1 
a  Eld  Cuurvoisier  arc  in  accord  a  nee  wilb  that  by  l>r,   Beule,  ca 


Fiu,  im> 


F113  in. 


Fici.  10L— SIi'HiIc  Kcrt«-ceiL  from  (bo  niifkiif  <^«rvlelt  coraii  tfKiftcrtcir  r<iiit«Ur  t 
tit  six  ifiQiithA  '-'  4'iiJ. 
Fjn.  1112.— Slrui-tiifff  of  Gun^lloitlcr  N«rv«-ei'tl    a,  Afcordliif  fo  Dr.  Bct^v,    n,  Acc«ntittf  !•  J 

they  estate  they  have  traced  the  gtraighl  fibre  into  the  niK^  if-  it^^l  iti/ 
spiotl  iihre  into  a  plexus  on  the  exterior  of  the  cell,  but  u 
mniely  be  traced  into  the  nuele<dns  (Pi|r.  Iil2,  n)>  so  that  thr  » 
continyotir^  with  one  another  through  the  nucieu**  and  nuclei*! u*,  Tbul 
cell  13  invei^ted  hy  a  nucleated  t-ap^nle  of  connective  ti.^?ufv  priKT* 
and  coDtrnuouB  with  the  tiheath  of  Schwann  investing  the  nerve 
which  it  h  in  connection^  All  our  knowledge  of  the  structiir*.^  i 
ment?  of  the  ganglionic  centres  and  nerve-trnnk^  renders  it  pni 
thi*y  \wnr  &  romplaneittary  relation  to  ea eh  other;  the  \' 
having  for  its  office  to  ori^wute  changes,  which  it  k  ;. 
Fibrous  to  mnducf, 

445.  Rer^ftteratmt  of  Nfr%mt^  Strttrturr. — If  it  n^rve  be  divided  by  s  Jiiif 
i  11  ?t  ru  ta  e  n  t  J  a  u  d  t  h  e  en  1 1  s  pi  ncc<  1  in  a  p  j  ws  i  1 1 1  *  u .  1 1  *  cy  m  1 1  r».*u  r  1 1  Ij*,  i*  Hh  fiiii^l 
pkte  re^fcoratinn  of  t\i action.^     The  uaiou  18  acconipli.^hed  by  fli    » ffj-i  »o  ■ 
gelatinous  lyraph,  in  which  connect ive-tissu©  and   elafftkti' 


'  For  n  fuller  ih«?crSpti'»a  of  thes^t'  •^tnnlun'f,  8W  tji»hiri  iitiil  ^hm 
Ai]iil.«  p,  pxhii  ;    Dr.  B*nik\  I*Kilii!**tph.  Triili»iicL,   IB*».1,  p.  oM;  C    : 
Irwlbhiti,  Nil.  57,  18<ST  ^  Friintxi'l,  VirH>iiw*ii  An*hiv,  l%^«T,  iUh  sxsvlti,|i 

noltl,  td.,  JHcL  xli,  p,  178;  Scliult/^u,  hn*  cit. 

*  Cruit'k^lii*iik,  1770,     FuntHUrt,  1778.     Mich^cUi,  1765.     H 
t7ll5;   Vtij|»iiin,  Lr-^ons  J-ur  1m   PIiy*in|*»jyf1n  <ln  ^vNf^^rtKj  Hvrt*^. 
Hihf*r*  Raiivii^r,  Camptf*  R^-ndin*  d»^  rAcwIeiiiii*  tic^  8cM?nef*K*  1^ 

1/M^wjj  nT  St'tiUr,  Vulidni^  Lttridry,  Kiotvicr,  K5]ljk«T,  11  nd  mlirr* 
HJ<dt-Ott«.  V*irtltnw'3*  ArcJiiv,  six.  p.  3Vi,  Mrtd  E.  U<bi,  t^ul  priM* 
ftiono  del  Ntjrvi  rut/Ut,     FMVi»|  1604»  6vu, 
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Icli  the  o<mtimilty  nf  the  poritieiinutu  h  restored.    According  to  some, 

ilar  celb  ure  devtlDjK-d  wjtliiii  this  jiheftth,  the  processes  of  which  unite 

tn  fono  rh*.^  flxis-eyUiider!^  i>f  Dew  nerve?? ;  the  meduUary  sheaih  beiug  mh- 
seqin^ntly  developed  around  them.  But  lianvier  u\aiDtain»  that  the  fibrejs  of 
the  peripheric  stump  atrophy,  and  that  the  new  fibres  proceed  from  the  axis- 
cylinder  of  the  centric  Mump  which  make  their  way  through  the  cicatrix 
info  tbe  degenerated  fibres,  or  run  iu  the  connective  tissue  of  the  peripheric 
itump.  The  changes  that  occur  in  the  fibres  after  section  are,  that  they  he* 
come  cloudy,  and  their  margins  are  Iciis  defined.  These  changes  are  well 
marked  on  the  eighth  day,  and  ^oon  at\er  the  medullary  euhstance  becomes 
divided  into  f^ee^ments,  and  a  kind  of  coagulation  takes  place  in  it,  with  de- 
posit of  fat 'globules,  In  the  course  of  a  nnxith  or  &ix  weekn  the  metiunary 
sub@tnnee  h  reduced  to  a  nmi^ft  of  extremely  fine  granular  molprnle^  of  fat- 
like thm,  whitli  finally  di^iappenrt  nod  the  sheaths  collapi^e,  Wlieiber  the 
cylinder-axe*^  remaio  firr  a  long  time  unaltered,  a^^  Scbiff  *  maintains,  or  abo 
tmdergo  aUsorption,  n^  Ranvier  believes,  k  mW  doubtfoK  The  linie  that 
elapiei  Wfore  the  newly-formed  tii^gyc  can  fulfil  the  fn action  of  a  nerve  in 
transmitting  sensory  and  motor  impulse?  is  given  by  varnnia  imthors  at  from 
7-15  days  for  the  first  traces,  and  30-90  days  for  ci>mplete  return  of  sen- 
sation and  motion.'  According  to  Scbifl^  regeneration  of  the  pneumogastrie« 
may  occur  even  \vhen  two  inehes  have  been  excised.  It  is  questionable 
whether,  after  extirpation  of  a  ganglion,  new*  ganglionic  corpuscles  can  be 
formed  ;  yet,  in  Brown-S^qnard'^  experiments  upon  pigeons,  it  was  found 
thai  the  whole  spinal  cord  would  reunite  alter  division,  with  almost  complete 

iu ration  of  function.     The  distal  extremity  of  a  nerve  separated  from  \u 

Itre  by  section  undergoes  fatty  degeneration,*  whilj^t  the  proximal  portion 
fttains  for  a  considerable  jieriod  it^  normal  characiers*,  indicating,  according 
to  Waller,  that  the  ganglion -cell  with  whieh  it  is  in  relation  exercit^e^^  a  cer- 
tain iutinence  over  \U  nntrition, 

44tt.  M  regards  the  vhernwirtf  of  the  Nen^e^,  it  has  been  found  that  the 
Brain  eouiains  about  7*5  per  cent,  of  water,  and  25  of  mWd  rej?idue,  of  which 
about  li3  parts  consist  of  fuity  i?ubstanee^,  7.5  of  albuminous  comtK>unds,  1,5 
of  salts,  and  1  *>!'  cxtrfictive  matt^^^rt;.  The  proportion*^  of  these  constituents, 
however,  are  different  in  other  parts  of  the  nervous  system  ;  the  amount  of 
water,  for  instanc<3,  varying  from  70  (in  the  white)  to  85  per  cent,  (in  (be 
gray  subslance)*  The  iat  contained  in  the  gray  matter  is  always  much 
smaller  in  f|uantity  than  that  in  the  white.  According  to  Peilowsky^^  when 
dried  the  gray  substance  contnins  more  than  half  of  its  weight  of  albumen, 
the  white  only  one  quarter.  The  gray  substance  (dried)  contains  18J  of 
Chidej^terin  and  fat,  and  0.5  of  Cerebri n,  the  white  51.9  of  tlie  former, 
and  9 J}  f>er  cent,  of  Cerebri n.  Amongst  the  chief  coni^titnents  of  the  cere- 
bral ^ubstance^  in  addition  to  Cerebrin,  is  Lecithin,  with  the  products  of  its 
deconipfisition,  viz.,  glycerin,  phosphoric  and  oleo-pbosphoric  acids,  aud 
other  tkllike  substances  containiug  phosphorus  and  soiuble  in  ether,  palmitic 
acid,  small  quantities  of  ordinary  fat,  aud  volatile  fatty  acids.  Bei»ides 
tbe^e,  the  following  substances  are  enumerated  by  v.  Goru|>Besanez/ — 
an  albuminous  substance  resemlditjg  JMyosin,  a  suWauee  analogous  to 
Elastin,  small  quantities  of  a  soluble  u  I  hum  i  nous  ^s-nbstance,  coagubittug  at 
147"  F. ;  Inosite,  Sarkin,  Xanthin,  Kreatin,  Lactic,  Uric,  aud  Phosphoric 
acid,s  aud  their  combiuatlous  with  Potash,  Lime,  and  Magnesia ;  Silicic  Add, 


*-  CoTiiptefi  Rondu^  de^rAcHd^mle  dv*  Sdencei,  Mufr  6tb,  1864. 
'  Di'fcoi,  Tlid^v  Imiu^rtinile,  1822;  PagtH,  Suri;k'Ml  ridbnloify. 

•  VterortH,  Physlolo^ie,  ]8fil,  p.  44.  *  8ee  SvhiW,  rhysiologie,  p.  iii. 

•  FflUgorrs  Archie,  lS7a.  p.  8t>l}.  *  Pliv^.  Clit*mje,  1875,  ^  697. 
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Oxi^e  of  IroHf  Fluorine,  ^malt  rjuftDtitiei^  of  Alkaline  Satf»Kate»,  and  liai^r 
Cbloride  of  Sodiuuj,  Tlie  quantity  of  Fhot^pborui*  b  very  mri;i%  tttxuiittiitittf«  i 
according  to  Bor^ja relit,'  to  from  1,^^}2  to  L71*0  per  eeu(,  Fr^rt^ialy  Im  I 
nerves,  when  at  rest,  p«jss<^s«  a  neutral  or  |>erbap8  filigUllv  alknline  reMiA.n 
According  to  Hanke,  tliey  litM^oine  acid  after  tet^uiiH^  "tW  whiUi  stubtf«itt 
of  the  brain  and  spinal  cord  is  abo  feebly  alkaiuie  or  ney tral*  AClitf  tt- 
haiisting  work  and  after  death  it  ia  acid.  The  gray  t^ult^uiacc  U  liiaji 
acid/ 

447,  As  regards  the  general  relationi  of  the  principtil  Ceisirest  iif  tjie 
Nervous  System  of  Man,  it  h  only  requisite  here  Uj  remark,  thai  ikoi 
which  make  up  the  Cerebm-SpiuEl  portion  of  the  apparatus  limvu  midtia 
intimate  strnctunil  relation  to  each  other,  and  bo  much  more  t"i 
conaentuneously  thaa  t^parately,  that,  notwithstanding  the  a 
dence  of  the  diversity  of  their  respt^ctive  endow ments,  there  h  1**1. 
difficnlty  in  the  deterinination  of  their  special  function^:  giuce  i\w  m- 
tion  or  removal  of  any  one  portion  of  the  Nervous  system,  not  only  puL*i 
to  the  phenomena  to  wliiuh  that  portion  is  directly  §ub*?ervient,  hut 
ranges  the  general  train  of  nervons^  activity,  that  it  often  bet-omej?  \m^ 
to  iUicertain^  by  any  snt-h  method,  what  k  it^  real  shai-e  in  the  eotirp  ix  r!^if^ 
ance, — In  thia  diffacnlty,  however,  we  may  advantageously  have  i^ 
the  study  of  the  structure  and  actions  of  thai^e  fonns  of  the  Ncrirou- 
presented  to  ns  among  the  lower  animalsj  in  which  iL^  gatigtionic  crnifft  J(i« 
fewer  and  less  intimately  conneoteili  and  in  which,  thereifore,  it  i*  morr  *a*ir 
tci  gain  an  acquaintance  with  their  ieveral  end«)wmenis.  And  from  m  tit- 
tensive  isurvey  of  the*e^  we  seem  able  to  deduce  the  folh^  '  '  i- 
which  afiTord  the  most  valuable  guidance  in  the  study  of  th  '- 
of  Man  :* 

I.  The  Nervous  System,  in  its  lowest  and  simplest  form*  may  cor^wt  f4hm 
a  single  ganglionic  centre,^  with  allerent  and  motor  nerves,  wh  . 

essentially  internmimil ;  impressions  made  ufMin  the  aHi^rcnl  ii 
respondent  or  **  reflex*'  movements  in  the  muscles  suj>piifd  h\   l  1     .. 
without  aoy  necejs^ary  intervention  of  conscious ness.^S neb  muv^n,ti.'-  -r 
properly  distinguished  as  ejccikhtnohr. 

If.  A  simple  re|)etit.i4m  of  such  ganglionic  centres  may  ejtiat  h*  ?>^'^  Hir«u^ 
without  heterogeneousness  of  function^  or  any  esstMitial  denaii 
mode  of  action  just  indicated  ;  each  of  these  centres  may  W  ^i^c  , 
nee  ted  by  afferent  or  motor  fibres  with  one  segment  or  divbiou  of  1 
and  may  minister  peculiarly  to  if^  actions;  but  the  seveml  centr<\>* 
so  intimately  connected  by  commisroral  tii>ri*s»  that  an  impn^tssion  made  upon 
tlie  ailerent  nerves  of  any  one  of  them  may  excite  rc^pondet  1 1  -  m  *Ah^f  1 

segments, — This  we  see  effectetl  through  the  annular  gan^-!  d  uf  \hf  I 

higher  Radiata,  and  through  the  longitudinal  gangliaied  vind 
lata  J  the  dis^position  of  the  ganglia  and  of  their  coniu*eting  ■  u*; 

reference  simply  to  the  general  plan  of  the  body, 

in,  A  higher  form  of  Nervous  System  is  thai  in  which  llmneiii  iat]ItfpBai< ' 

J  Syd.  80c,  Year-book,  1861,  p.  82. 

*  St?e  M<*id(!nhiim,  Studvuii  des  Phys.  In^lit.  KU   Bn^tlnu.  IS^a,  p.  248;  m 
ri'ich,  1(1  TugeblMtl  dcr  NHtur-for^'li    V^rsainin    zu  Friiiikfilrl,  |J^7, 

«  &p<;heidloii,  Archiv  f.  l^hyt^i^il*  Bd.  viii,  1873,  p.  172. 

*  Fi*r  ti  gpiivral  viiJW  *>f  the  iUcts  on  wtiich  tbe^e  eooeluiUjii*  «r«  boated,  M 
of  Ct»mjj.  Phvi^.,  chap*  xiii 

*  It  nitty,  perbap,  be  doubted  whHhi^r  itrty  Animnl  rcAUjr  <^3fUtA  fnv^^mdom  «ie%i 
jicrvou*  jtystom,  nod  yc'i  nut  pnd*JW(?d  witti*eorisruniHh(i»i,  Ti  s*  .^,,,t..  ...^fHQ^  )^iv« 
6vi>rf  tlmiflni mills  do  extBi  ilhGTuJikntt'd  MoHdk'm  furi'ijiin  «  teti^i* 
at»4>ve  referred  £0  nre  tbti  only  oneu  uf  whiob  wv  have  iiny  di>.  frooi  v^ 
iervaiion  uf  tbdr  habiU, 
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tion  of  similar  parts  which  are  to  be  alike  supplied  with  nervous  power,  but  to 
the  exercise  of  a  diversity  of  functions,  through  the  instrumentality  of  differ- 
ent structures :  thus,  in  the  higher  Articulated  and  Molluscous  tribes,  we  find 
ganglionic  centres  s|)ecially  set  apart  for  the  actions  of  deglutition  and  respi- 
ration, as  well  as  for  those  of  locomotion ;  but  their  modtis  operandi  is  still 
the  same,  these  actions  l)eing  all  "  excito-motor,"  that  is,  being  i)erfonued 
through  the  "  reflex  "  agency  of  their  several  ganglionic  centres,  without 
the  necessary  intervention  of  consciousness.  These  centres  are-  connected 
with  each  other  com  in  issu  rally,  when  they  are  required  to  act  with  con- 
eentaneousness ;  and  it  is  frequently  to  be  observed  in  the  most  develofx^d 
forms  of  each  type,  that  they  come  into  actual  coalescence,  their  functional 
distinctness  being  still  indicated,  however,  by  the  distribution  of  their  nerve- 
trunks. 

IV.  In  all  but  the  very  lowest  Invertebrata,  the  Nervous  System  includes, 
in  addition  to  the  foregoing,  certain  ganglionic  centres,  situated  in  the  neigh- 
borhood or  the  entrance  to  the  digestive  cavity,  and  connected  with  organs, 
which,  from  their  more  or  less  close  resemblance  to  our  own  instruments  of 
special  sense,  we  conclude  to  be  organs  of  sight,  smell,  hearing,  etc.  Now  as 
we  know  from  our  own  experience,  that  impressions  made  upon  these  organs 
produce  no  influence  on  our  actions  unless  we  become  conscious  of  them,  and 
as  the  Invertebrata  possess  no  distinct  ganglionic  centres  of  a  higher  char- 
acter, it  seems  to  be  a  legitimate  inference,  that  these  "sensorial''  ganglia 
are  the  instruments  by  which  the  animals  furnished  with  them  are  rendered 
cognizant  of  such  impressions,  and  through  which  the  sensatitms  thus  called 
into  existence  serve  to  prompt  and  direct  their  movements.  What  is 
commonly  designated  as  the  "brain"  of  Invertebrata  (more  properly  their 
"cephalic  ganglia")  cannot  be  shown  to  consist  of  anything  else  than  an 
assemblage  of  senmriul  centres ;  and  its  actions  api)ear  to  be  entirely  of  a 
"reflex  "  chanicter,  such  of  the  movements  of  these  animals  as  are  not  excito- 
motor,  being  performed  (there  is  strong  reason  to  believe)  in  direct  respondence 
to  sensations  excited  by  internal  or  external  impressions.  Ruch  movements, 
therefore,  may  be  designated  as  semtori  motor  or  con^rnsu/il.  Like  the  pre- 
ceding, they  do  not  apjHjar  to  involve  the  participation  either  of  Emotion, 
Reason,  or  Will ;  and  the  proportion  which  thc^y  bear  to  the  actions  of  the 
excito-motor  kind,  seems  to  correspond  pretty  closely  with  the  relative  de- 
velopment of  the  cephalic  ganglia  and  of  the  rest  of  the  nervous  system,  as 
is  very  obvious  when  the  larva  and  imago  states  of  Insircts  are  compared. — 
However  disjointed  the  various  "excito-motor"  centres  may  be  amongst 
each  other,  we  uniformly  find  them  connected  with  the  "sensory"  ganglia 
by  commissural  tracts ;  and  this  anatomical  fact,  with  many  phenomena 
which  observation  and  experiment  upon  their  actions  have  brought  to  light, 
makes  it  apparent,  that  besides  the  reflex  actions  which  are  performed 
through  their  own  direct  instrumentality,  the  sensory  ganglia  have  a  par- 
ticipation in  those  jKirformed  through  other  ganglionic  centres.  Thus  it 
seems  probable  that  a  stimulus  transmitted  downwards  from  the  sensory 
ganglia,  to  one  of  the  ganglia  of  the  trunk  of  a  Centipede,  excites  the 
eflerent  nerves  of  that  ganglion  to  call  into  contraction  the  muscles  sup- 
plied by  them,  just  as  the  excitor  influence  arriving  at  that  ganglion 
through  its  own  aflerent  nerves  would  do. 

448-  The  whole  Nervous  System  of  Invertebrated  Animals,  then,  may  be 
regarded  as  ministering  entirely  to  ptirely  reflex  action  ;  and  its  highest 
development,  as  in  the  class  of  Insects,  is  coincident  with  the  highest  mani- 
festations of  the  "instinctive"  powers,  which,  when  carefully  examined,  are 
found  to  consist  entirely  in  movements  of  the  excito-motor  and  sensori-motor 
kinds.     When  we  attentively  consider  the  habits  of  these  animals,  we  find 
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that  their  action? ,  though  evi»leDtly  aJajitiMl  to  the  attain  meat  of  certiia 
eiuU,  iiHt  very  far  iVi^ni  evincing  a  demtpted  afiai^Uitiou  on  tl»e  fiftri  of  tbe 
beings  that  perform  them,  snclj  as  that  ui'  wlueh  we  are  fmr^4vt>p  tiUjjueifKip 
in  our  own  voltmiary  movementi*,  or  which  we  trace  iu  the  ^iprationiiijf  tk 
more  intelligent  Vertebraia.  For,  in  the  fir^t  \ilnce,  these  aclion.H  an' ia^i- 
riabiy  per(brm«ii  in  the  same  manner  by  ali  tlie  imiivi<Iuab  of  a  *pet4«s, 
wh€*n  the  ctrndilicms  are  the  same;  anrl  thus  are  obviimi^ly  to  Im;  attnholeii 
rather  to  a  uniform  inifailse,  than  to  ii  free  choice ;  the  most  remarkAble 
examples  of  thi#  being  fnrnissheil  by  the  eeonnmy  of  Bee^i*  Wasj*?,  tmd  tjllier 
** social"  Insects,  in  whieh  every  intjividual  of  the  eommiiwity  pt*rf<iniu  iu 
appropriate  part,  with  the  exactitude  and  method  of  a  perfect  maehint'.  Tbt? 
very  perfection  of  iUd  atlaptation,  again,  i??  often  of  itself  a  sufliricnl  t?viil<?nw 
of  the  nnreai?onine:  cim racier  of  the  being*  which  perform  the  work ;  fur^ 
we  attribnte  it  to  their  own  intelligence,  we  must  admit  that  thi.^  rntfllij 
fre4|uently  eqnab,  if  it  dcies  not  Biirpass,  that  of  the  most  acfHimplts^h 
man  rea^soner.*  Moreover,  thes-e  opcmtion^are  performed  without  any  gal^l- 
ance  from  experience;  for  it  can  be  proved  in  many  cme^^  tliat  it  i*  iiwp»- 
»ible  for  the  beings  wljieh  execute  them  to  have  received  any  in^trucimii 
whatever;  and  we  see  tliat  they  do  not  theinj^lves  make  any  projm'^ir* 
attempts  towards  perfection,  b'.tt  that  they  accomplish  their  work  a*  well 
when  tliey  first  apply  themselves  to  it,  a^  after  any  nund>er  of  ref^titirtwjt  «f 
the  same  acts.  It  is  interesting  to  ob:^rve»  morei>ver,  that  aa  I  he?*'  in*tioc* 
tive  operations  vary  at  ditlbrent  fjc^ioils  of  life,  ao  there  i^  a  eorresijii>niltng 
variation  in  the  structure  of  the  Nervous  sy stenn  Thu?i  we  we  thnt,  in  iht 
iiJTrt  of  the  Insect,  these  operations  are  entirely  directed  toward?'  thi'  mnjui- 
sition  of  food  ;  and  its^  organs  offense  and  loromolive  powers  ar^  tudy  *o  tiir 
devehipeti  aa  to  serve  this  purpose.  But  in  the  irnfi^o  or  perfect  IriRrct,  lb 
primary  object  is  the  continuance  of  the  raee ;  and  the  seiisn.»rial  and  Tati(*ir 
endow uients  are  adapted  to  enable  the  individu^il  to  t^eck  its  male,  and  W 
TnaUe  preparations  (frequently  of  a  mr^t  elahorate  kind)  for  the  nnrtarf'>f 
the  oti??pring. — Heuce  we  can  scarcely  fail  to  arrive  at  the  eonclngion,  thit 
tlie  adapt immem  of  the  instioclive  operations  of  Ins#3ct*;,  etc,  lic«!  in  tJa* 
original  eoujitruction  of  their  nervous  ^vs^tem^  whieh  cau!*e«  particubr  niovi- 
ineuti*  to  he  executed  in  direct  respfmdeuce  to  rertain  impri?^ioD§  and  fpw^- 
tioDS,  And  tliijf  view  is  conftrnied  i>y  the  comparisoti  of  mich  movemnyi* 
with  tlio^e  which,  in  the  Hmuan  subject,  are  ino^t  directly  con.  -  -  -i  [ht 
mainteoance  of  the  *ife  of  tlie  individual,  and  in  the  |>er[K[  tht 

race.  For  we  have  the  evidence  of  our  own  conseionsncss  in  re  l^ 
thatj  however  obviou.-?  their /^itrpo^  may  be,  and  however  eoriij 
adupttjtum  to  that  purpO!?e,  they  are  performed,  not  with  any  mitiuii  iji  u^.^i 
purpose,  but  at  the  prompting  of  an  irresistible  impulse  which  In  not  nnh 
independent  of  all  intelligent  a|>preciation  of  the  rcs;nlt»  but  may  pmdowJtt 
effect  without  even  atfiK'ting  the  cunsciousuese  of  the  asjent,  TIoh  the  inf»at 
seeks  the  uiiiplc,  and  pnls  its  muscles  into  suctorial  act! cm,  without  my 
knowledge,  derived  from  experience,  that  by  so  doiug  it  will  relieve  thuf 
uneasy  feeling  of  hunger ;  and  if  we  could  imagine  a  rnan  coming  iiii^t  tW 
world  with  tJie  full  poasessiou  of  all  hi^  facukics,  we  may  feel  hJ- rnlilv  iff* 
tain  that  he  would  not  wait  to  eat  until  he  had  learned  hy  -  Hii 

d  e  jie  n  d  en  ce  u  \  >o  u  f<  lod .  We  s  f  la  1 1  see  that  adult  an  i  m  a  Is  w  1 1  ■ .-,  v  ^  ,J  tmi 
hemii*pheres  have  been  removed,  will  eat  food  that  is  put  into  th*?ir  mootK 
although  they  will  not  go  to  seek  it ;  and  this  is  the  ca^  with  many  HniuAn 
Id  iota.  When  tlie  functions  of  ihe  Brain  are  destroy©^,  or  in  partial  ah»nr- 
auce,  as  iu  fever,  we  often  observe  a  remarkable  retui^  ta  the  umiiictii^ 
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propensities  in  regard  to  food  ;  and  the  Physician  frequently  derives  impor- 
tant guidance  with  respect  to  the  patient's  diet  and  regimen  (particularly  as 
to  the  administration  of  wine),  from  the  inclination  or  disinclination  which 
he  manifests.  So,  in  regard  to  the  intercourse  of  the  sexe?*,  the  impulse 
which  prompts  to  it  does  not  arise  from  a  knowledge  of  the  ultimate  purposes 
which  it  is  designed  to  answer;  and  the  higher  powers  of  the  mind  are  only 
8o  for  concerned  in  it,  that  when  the  action  of  the  instinctive  impulse  has  led 
to  the  formation  of  a  definite  idea  of  the  ohject  of  desire,  the  Intelligence  is 
prompted  to  take  means  for  its  gratification.* 

449.  Thus,  then,  the  type  of  psychical  perfection  among  Invcrtebrated 
animals,  which  is  manifested  in  the  highest  degree  in  the  Social  Insects,  c(m- 
siats  in  the  exclusive  development  of  the  Instinctive  faculty — that  is,  of 
automatic  powers  of  a  very  simple  kind  ;  in  virtue  of  which,  each  individual 
performs  those  actions  to  which  it  is  directly  prompted  by  the  impulses 
arising  out  of  impressions  fnade  upon  it«  afierent  nerves,  without  any  self- 
control  or  self-direction  ;  so  that  it  must  be  regarded  as  entirely  a  creature 
of  necessity,  performing  its  instrumental  part  in  the  economy  of  Nature, 
from  no  design  or  will  of  its  own,  but  in  accordance  with  the  plan  originally 
devised  by  its  Creator. 

450.  On  turning  to  the  Vertebrated  series,  on  the  other  hand,  we  find  that 
its  type  of  psychical  perfection,  as  shown  in  Man,  consists  in  the  highest 
development  of  the  Rea^ouj  and  in  the  supreme  domination  of  the  Willy  to 
which  all  the  "  automatic  "  actions,  save  those  which  are  absolutely  essential 
to  the  maintenance  of  the  Organic  functions,  are  brought  under  subjection  ; 
90  that  each  individual  becomes  not  only  a  thinking  and  refiecting,  but  a 
aelf-moving  and  self-contr(>lling  agent,  whose  actions  are  performed  with  a 
definite  pur|K)se  which  is  distinctly  before  his  own  view,  and  are  adapted  to 
the  attainment  of  their  end  by  his  own  intelligence.  This,  however,  is  only 
true  of  Man  in  his  most  elevated  state;  and  not  only  in  ascending  the  Ver- 
tebrated scale,  but  also  in  watching  the  progressive  evolution  of  his  mental 
fiicu hies  during  the  earlier  periods  of  his  life,  may  we  trace  a  regular  grada- 
tion, from  a  condition  but  little  (if  at  all)  in  advance  of  that  of  the  higher 
Invertebrata,  up  to  that  which  is  displayed  in  the  noblest  examples  of  Hu- 
manity. Through  the  entire  series,  however,  we  perceive  that  the  Excito- 
rootor  and  Sensori-motor  portion  of  the  Nervous  system  (§  453)  constitutes 
its  fundamental  and  essential  part ;  serving  not  merely  as  the  instrument 
whereby  those  actions  are  performed,  which  are  as  necessary  among  the 
higher  animals  as  they  are  among  the  lower,  for  the  manitenance  of  the 
Organic  functions;  but  also  as  the  immediate  recipient  of  all  those  impres- 
sions from  without,  by  which  the  higher  operations  of  Mind  are  excited,  and 
as  the  executant  of  the  actions  which  ])roceed  from  them.  But  os  wo  ascend 
the  Vertebrated  scale,  or  as  we  watch  the  progressive  psychical  development 
of  the  Infant,  we  find  it  becoming  more  and  more  obvious  that  the  actions 
are  promptecl,  not  so  much  by  simple  sensations,  as  by  ideas  or  notions  of 
the  objects  to  which  they  relate ;  these  ideas  being  founded,  in  a  large  pro- 
portion of  instances,  upon  the  results  of  past  experience,  and  the  course  of 

*  We  have  not,  perhaps,  any  rii^ht  to  ntlirm  that  IIjjto  is  nothinfj  ir/m^crer  analojjous 
in  lh«  Invcrttfbrata  to  the  Ken-^oninij  ])owrrs  and  Will  of  fjii^hor  animals;  but  if 
thefe  fiieultic'S  have  any  existence  anionsij  tiuun,  they  niu>t  bo  regarded  as  in  a  merely 
rii<limonturv 
Tbe< 

called  up  by  different  objects  of  .sense,  which  we  observe  to  be  the  tinst  stage  in  the 
devclo])tfient  of  the  mental  powers  in  the  Human  infant. 
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^elion  Iwing  shaped  io  accordauce  with  if.  In  the  acU  of  aaimiiUof  astill 
hf^^jpr  grade,  an  in  those  of  the  ChUd,  we  can  ticareely  fall  to  fien'Hve  iW 
maijifestaiioii  of  rea^oniufi  proc^Mt^^  aoahigous  to  thuse  vvliich  w»i  iiuriieltei 
perform,  and  the  expre^^sitin^  of  some  of  those  emofifmfd  ftUite^  of  whkh  mt 
are  ourselves  eouseioua*  The  superaddition  of  tbeae  moti^  elevaU^  eo^nn- 
iueut«i,  ill  the  Vertebra ted  Berie**,  is  coinddeiit  with  the  addition  of  n  ftwulmj 
ganglionic  centre,  the  Ctrrthrtun,  to  the  Sensori-mtttor  apj»amtus;  xiimI  tb 
relative  proportion  which  the  former  bears  to  the  hmer,  both  m  tij  «beiinii 
to  complexity  of  structure,  eorresjK>nds  m  cloE?ely  with  tlie  degivf*  of  |ire- 
doiiHiUiOce  which  the  Intelligence  pusses^ses  over  the  lusiiuciive  [>ro|iriuiti», 
that  it  is  scarcely  ]>ossihle  to  donbl  that  the  Cert'hraiu  k  the  in^trumint 
through  which  ihh  hig-hcr  form  of  psychical  power  h  cxi'reised*  Miirhfif 
this  exercise,  however,  may  still  be  ttttttjmtttie  in  m  nature ;  for  ^  li»nr  u 
tlie  current  of  thought  and  feeling  fiowa  on  in  accortianii*  with  tb-  dimt 
prompting?  of  Buggefilioii,  aiMl  without  any  interference  from  Volition,  ran t 
it  be  considered  as  a  manifestation  of  the  **  reflex  '*  activity  of  the  CVrrhnmi, 
which  take^  the  form  of  a  niadaf  inHtUtrt.  This  reflex  activity  maiuft^t* 
itself  not  only  in  the  pgychieal  operations  themselves?,  but  also  in  muACulir 
movcrnenti^;  and  these*  whcji  they  proceed  from  j^imple  idea*  without  aur 
excitement  of  ieeling  may  be  tle^ignateii  as  id  tit-motor :  whibt  if  they  sprwig 
from  a  passion  or  emotion,  they  are  termed  eiaoHonnL  The  mr-^'^  ^^  -mwU, 
however^  are  by  no  means  as  invariable  in  the  difterent  iridi  th^ 

same  species,  as  art^  what  may  Ijc  termed  the  phtjitiml  Inslinct.-^  ^h  rmu  tofr- 
rior  part  of  the  nervous  apparatus,  which  is  mort^  closely  conuix^ted  with  the 
maintenance  of  the  Organic  life;  the  particular  chuugcs  which  nny  a^Tfl 
suggestious  will  excite  in  each,  being  partly  deter mioed  by  orig^ina}  cof»*Ut^ 
tion,  and  partly  by  acquired  habits. 

45L  The  superiority  of  the  Mhid  of  Man  over  that  nf  the  mo«t  e!cr&ii^ 
among  the  lower  animals,  consists  not  only  io  tire  far  greater  variety  nnd 
range  of  his  facuhies,  but  yet  more  in  that  dominant  power  of  the  Will, 
which  enables  bim  to  utilize  them  with  the  highe.*t  effect.  In  «3  far  «i^  tli« 
course  of  hiis  thoughts  and  feelings  i^  the  mere  result  of  the  action  of  «^3ttl'^ 
ual  impresMons.  u()on  au  orgauisfiation  liaviag  certniu  rej^jKyndent  tondim-ia, 
must  he  be  considered  as  irresptmsible  ibr  bis!  oetions^  hifi  chafrirr+  f  Liojgf 
formed  for  instead  of  by  him  ;  but  in  m  far  as  be  can  exert  a  \'uI  vrr 

of  directing  his  thought*  and  controlling  hiss  feelings,  may  he  *,-.  .pfior 
to  ei  re  urn  stances,  make  the  mmi  advantageous  use  of  the  Intellect  ual  fim^tii* 
ties  with  which  he  may  be  endowed,  and  bring  biis  Moral  character  mortwuf 
more  into  acrordance  with  the  highest  type  which  his  nature  may  be  cafrtM* 
of  attaining  iu  its  preseut  sphere  of  e5ti??itenci?,  Kotwith-  '  the  <m- 
deuces  of  rationality  which  many  of  the  lower  animals  tnd  Ums 

manifestations  which  they  display  of  emotions  that  arc  sii  ^u^ 

there  is  no  ground  to  believe  that  tht'ij  have  any  such  contr  hu 

the  contrary,  all  observation  seem,^  to  lead  to  the  conchij^iun.  >  xr* 

under  the  coin|)lete  domination  of  the  i*<ea^  and  emotions  bv  w1  iir 

be  for  the  time  possessed,  and  have  no  power  either  of  rc|  va 

forcible  act  of  Will,  or  of  turning  the  attention »  by  a  likj  \fL 

into  another  channeL     In  this  reepcet^  tbcn.  their  condition  r^  n*t 

of  the  Dmtiner,  the  Sonxnambule,  or  the  Insane  patient. in  all    .   tim 

voluntary  control  is  suspended,  and  who  I  when  their  mi  ads  arv  su!»ctfi>t»bk' 
of  external  ira previous)  may  be  so  **  played  up>n  "  by  the  suggc!<tiouof  idea*, 
that  any  respondent  action  consistent  with  the  ordinary  mental  stiilt*  of  X\w 
individual  may  be  evoked  by  an  appropriate  stimulus;  just  an  we  we  in  X^t 
ca^e  of  animals  that  are  trained  to  the  ]>edbnuaDce  of  particulAT  iftliof 
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movemeots,  which  are  executed  in  respondence  to  certain  promptings  con- 
veyed to  them  through  their  sensorium.  Now  between  the  complete  want  of 
this  controlling  power  of  the  Will,  and  the  most  perfect  possession  of  it,  every 
intermediate  gradation  is  presented  by  the  several  individuals  which  make 
up  the  Human  species ;  some  persons  being  so  much  accustomed,  in  conse- 
quence of  the  weakness  of  their  Will,  to  act  directly  upon  the  prompting  of 
every  transient  impulse,  that  they  can  scarcely  be  said  to  be  voluntary  agents; 
and  others  allowing  certain  dominant  ideas  or  habitual  feelings  to  gain  such 
m  mastery  over  them,  as  to  exercise  that  determining  power  which  the  Will 
alone  ought  to  exert.  This  gradation  may  be  perfectly  traced  in  children, 
in  whose  education  the  development  of  the  faculty  of  "self-control  "  should 
be  a  leading  object;  and  it  is  also  displayed  in  certain  phases  of  mental 
Imbecility,  which  result  from  a  deficiency  of  the  power  of  voluntarily  fixing 
the  attention  upon  any  object  of  consciousness,  and  of  thus  withdrawiug  it 
either  from  external  objects  that  tend  to  distract  the  mind,  or  from  notions 
it  has  adopted  which  hold  it  in  subjection. 

452.  When  we  apply  ourselves  to  the  study  of  theCerebro-Spinal  Nervous 
centres  of  Man,  we  find  ourselves  peculiarly  liable  to  be  misled  by  the  great 
development  which  the  Cerebrum  presents,  both  as  to  size  and  to  complexity 
of  structure,  in  proportion  to  the  other  centres ;  and  thus  it  has  happened 
that,  through  the  too  exclusive  attention  commonly  paid  to  Human  Anatomy, 
the  meaning  of  the  facts  brought  to  light  by  dissection  hius  been  very  com- 
monly misapprehended,  and  many  of  the  physiological  interpretations  based 
upon  them  have  been  completely  negatived  by  more  extended  inquiry. — It 
is  only,  in  fact,  by  studying  the  Cerebro-8})inal  apparatus  in  its  lowest,  as 
well  as  in  its  highest  form,  and  by  bringing  the  intervening  grades  into  com- 
parison with  both  extremes,  that  it  is  possible  to  establisli  what  are  its  fun- 
damental or  essential,  and  what  its  accessory  parts ;  and  in  this  way  only 
can  such  a  correspondence  be  established  between  the  development  of  a  par- 
ticular structure  and  the  manifestation  of  a  psychical  endowment,  as  may 
enable  the  latter  to  be  attributed  with  any  degree  of  probability  to  the  former. 
In  fact  there  is  no  part  of  the  Human  Organism,  as  to  which  the  advantages 
of  such  a  cojnparison  are  so  striking,  or  in  which  the  value  of  the  "  experi- 
ments ready  prepared  for  us  by  Nature  '*  is  so  much  above  that  of  the  results 
of  artificial  mutilations. 

453.  (Jerehro-Spinal  Nervous  Centres. — Under  the  guidance,  then,  of  these 
principles,  we  find  that  we  may  distinguish,  as  the  fundamentnl  part  of  the 
Cerebro-Spinal  apparatus  of  Man,  the  Cranio-Spinnl  Axis,  consisting  of  the 
Spinal  Conl,  the  Medulla  Oblongata,  and  the  Sensory  Ganglia,  and  alto- 
gether constituting  tlie  centre  of  automatic  movement. — Tlie  8])inal  Cord, 
consisting  of  a  tract  of  vesicular  matter  inclosed  within  strands  of  longitudi- 
nal fibres,  and  giving  oil' successive  pairs  of  intervertebral  nerves  which  are 
connected  at  their  roots  with  both  ot*  these  components,  is  obviously  homolo- 
gous with  the  gangliated  ventral  column  of  the  Articulata,  ciiiefly  difFeriug 
from  it  in  the  continuity  of  the  ganglionic  substance  which  occupies  its  inte- 
rior; and  each  segmental  division  of  it,  which  serves  as  the  centre  tor  its  own 
pair  of  nerves,  may  be  considered,  like  each  ganglion  of  the  ventral  column 
of  the  Articulata,  as  a  repetition  of  the  single  "  [)e(lal  "  or  locomotive  gan- 
glion of  the  Mollusca. — The  Medulla  Oblongata  consists  of  a  set  of  strands, 
which  essentially  correspond  with  the  cords  that  pass  round  the  oesoph- 
agus in  Invertebrated  animals,  connecting  the  cephalic  ganglia  with  the  first 
subcesophageal  ganglion;  but  as  the  whole  cranio-spinal  axis  in  the  Verte- 
brata  lies  above  the  alimentary  canal  (the  trunk  being  supposed  to  be  in  a 
horizontal  position),  there  is  no  such  divergence  of  these  strands,  the  only 
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separation  betvveeti  them  being  that  whir^h  k  known  as  the  ** fourth  %^^ntri- 
cle/*  Interposed  amon^  the  conimli^sural  fihrc^  of  the  Medulla  Ohlonpita, 
however,  are  eertaiu  collect  ions  of  vehicular  matter^  which  ?erve  a^  the  gan- 
glionic centres,  govern ing^  the  calibre  of  the  ves.'?el??»  aiul  for  the  movements 
of  respiration  anddegbitition,  the  Litter  corresyjondini^  with  the  **  respiratory'* 
and  **  j^tonmto-ga^tric ''  gauji^lia  of  I  u  vertebra  ted  aiiiniak.  Thi^  inf*4*rpora- 
tioo  of  so  many  dhtioct  centres  into  one  system,  would  seem  de^tinerl  in  part 
to  affiml  to  all  of  them  the  proteeljoii  of  the  vertebral  eohimu ;  and  iu  part 
to  secure  that  eonsentaneousno^  of  action  ami  that  ready  means  of  mutual 
influence,  which  are  peculiarly  reqnisite  in  beings  in  whom  the  activity  of 
the  Nervous  system  is  so  predominant.  Thus  the  elope  connection  which  iti 
eslablished  in  the  hi^lier  Vertebra  ted  animals  belweeji  the  respiratory  and 
the  genera  J  locomotive  apparatus,  is  obvionsly  subservient  to  the  us^e  which 
the  former  makes  of  the  latter  in  the  periurmanceof  its  (unctions  ;  whilst,  on 
tlie  other  hand,  the  control  which  their  encephalic  centres  po»s«i^s^  over  the 
actions  of  the  respiratory  ganglia,  enables  the  Will  tip  regulate  the  inspin^ 
tory  and  expiratory  movements  in  the  manner  required  for  the  acti=  of  vocal- 
imtion.^ — Under  the  term  Sen^jry  Ganglia,  may  be  comprehended  thai  a^ 
eemhhige  of  ganglionic  masscj^  lying  along  the  base  of  the  skull  in  Man,  and 
partly  included  in  the  Medulla  Obhiugata,  in  which  the  nerves  of  the 
''special  sen?efl,*'  Taste,  Hearing,  Siglit.  and  Smell,  have  iheir  central  terna- 
natinns;  and  with  these  mHV  probably  be  associated  the  two  imim  of  gangli- 
onic bodies  known  as  the  Corpora  Striata  and  Thalami  Optici,  into  which 
may  be  traced  the  greater  proportion  of  the  tibreif  that  constitute  the  various 
mraudn  of  the  Medulla  Oblongatn,  and  which  neem  to  statul  in  the  ganje 
kind  of  re  I  a  don  to  the  nerves  of  Touch  or  "common  seuBati^in,"  that  the 
Olfacttve,  Optic,  Auditory,  and  Gustative  ganglia  l>ear  to  thdr  several  nerve* 
trunks. 

4fj4.  Now  it  is  not  a  little  interesting  that  this  Crauio-Spinal  axis,  which 
repr-ersent^  in  Verteb rated  animals  the  whole  nervous  system  of  the  Inverte- 
brata  (with  the  exception  of  the  rndiment  of  the  Sympathetic  which  rhey 
possess ),  should  exist  in  the  lowest  known  Verteb  rated  animal  without  any  m- 
peraddition,  and  should  be  sufficient  for  the  performance  of  all  its  actions* 
Such  is  the  case  in  the  curious  Amphmj'us^  a  little  fish  which  preseutd  not 
the  slightest  tmc^  of  either  Cerebrum  or  Cerebellnm,  and  in  which  evcti  the 
sensory  ganglia  and  the  organs  of  special  sense  have  only  a  rudimentary  ex- 
istence ;  and  iu  which,  too,  the  spinal  cord  is  composed  of  a  series  of  ganglia 
that  are  td>viousIy  distinct  from  each  oilier,  although  in  close  approximation. 
And  even  iu  the  lower  Cyeloatome  Fishes^  the  condition  of  the  nervous*  cen- 
tres is  very  little  above  this,  save  as  regards  the  larger  development  of  the 
sensory  gaugliu. — This  condititm  has  its  parallel,  even  in  the  Humau  species, 
in  the  case  of  In  fun  is  which  are  occasionally  born  without  either  Cerebrum 
or  Cerehellum  ■  j?nch  have  existed  lor  several  hours,  or  even  dap,  V>reathing, 
sucking,  crying,  and  peribrming  various  other  movements;  anil  there  is  no 
physiological  reason  why  their  live?  yhould  not  be  prolonged,  if  they  be  uur- 
inred  with  suflicient  care, 

455.  In  Man,  however,  m  in  all  the  higher  Vertebrata,  we  find  superim- 
posed (as  it  were)  upon  the  Bensory  ganglia,  and  constituting  the  principal 
mass  of  the  Enccphalon,  the  bodies  whicli  are  known  as  the  Cerebnil  Hemu* 
phrrm,  or  Hemhpherk  (tan^Ua.  Novv  when  these  are  so  greatly  dcvelojied 
as  to  cover  in  and  obscure  the  Sensory  ganglia  to  the  degree  which  presents 
itself  in  Man,  it  is  not  surprising  that  the  tiindaraent^l  import^ince  of  the 
latter  should  not  be  generally  recognized;  iu  Fisha*,  however*  the  nro[>ortlon 
between  the  two  sets  of  centres  is  entirely  reversed,  the  rudiments  oi  the  C^re- 
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lotit!!):  c,  optic  iitAti^ltm;  d. 


Hera isplie res  (Fipr.  193,  b)  being  Qsually  inferit 
^itglia  (C)  alone.  ludeed,  of  the  pair  of  ganj^lionic 
mosses  to  which  that  desiguiitL(»n  i^  usually  applied,  it 
may  be  aliuofit  positively  sitated,  that  the  g realtor  part 
is  hoiuoloi*ou3  with  the  Ccirpora  !Strtata  of  the  Human 
Braiu ;  it  beiug  only  in  the  higher  Cartilagluous  fisihes, 
that  a  vetitricular  cavity  exi.^t^n  in  each  of  these  bodies, 
ge|Mimtiiif^  the  thiti  layer  of  true  Cerebral  suUtaiice 
which  overlies  it.  from  the  gatiglioule  mass  which  forms 
iUi  floor.  Between  thesie  two  extremes,  a  regular  gra- 
datiou  k  presented  in  the  iiitermetliate  tribes.— Now  it 
'ti,  a  pi>mt  e^perially  Wfjrthy  of  Dote,  that  do  sensory 
nerves  terminate  directly  iu  the  Cerebrum,  nor  do  any 
motor  nerves  ij^sue  Trom  it ;  and  there  seema  a  strong 
probahility  that  there  is  not  (as  formerly  supposed)  a 
direct  coiUiouity  between  all  or  even  any  of  the  nerve- 
fibres  distributed  to  the  body,  and  the  Medullary  sob- 
stance  of  the  Cerebrum,  For  whilst  the  uervej*  of 
*' special'*  sense  have  their  own  gani^I  ionic  centres,  it 
cannot  be  ^hown  that  the  nerviAia  fibres  of  ** general" 
sensc^  which  either  enter  the  cranium  na  part  of  the 
cephalic  nerves,  or  which  pai^s  up  from  the  Spinal 
cord,  have  any  higher  destination  than  the  Thalami 
0  pt ic  i .  So  t  he  ra  o  to  r  fi  I )  res  w  h  i  c  h  }>a.s^  to  rth  fro  tu  t  h  e 
cranium,  either  into  the  cephalic  nerve-truuLs  (Jf  ^nto 
the  motor  c^olumne  of  the  spinal  cord,  thrmgh  com- 
monly designated  as  Cerebnti,  caiujot  In*  certainly  said  to  have  a  higher 
origin  that!  the  Corpora  Striata.  Aod  vvc  shall  fend  strong  physiological 
ail  well  ri^  anatomical  groutui  for  the  belief,  that  the  Cerebrum  has  no  com- 
munication with  the  external  worhl,  otherwis^e  than  by  its  connection  with 
the  SenBori-motor  appamiot?:  and  that  even  the  movenienls  which  are 
ut^uaily  de^^ignatefl  as  ^'voluntary**  are  only  so  as  regarils  their  original 
source,  the  stimulus  which  ealU  the  museles  into  contraction  being  even 
then  iniraetl lately  issued  frum  the  Cranio  iSpinal  axis,  as  it  is  in  the  move- 
laetiti^  pnimpted  by  the  reflex  stimulation  of  an  external  impression. 

456.  Wherever  a  Cerebrum  is  su}>e rim  posed  upon  the  Sensory  GraugUa, 
we  fiud  another  ganglionic  mass,  the  (krebt'lhim,  super! niposetf  upon  the 
Medulla  Oblongata.  The  development  of  this  organ  hears  a  general,  but 
by  no  mc^as  a  constant  relation  to  that  of  the  Cerebrum;  tor  in  the  lowest 
Fishes  it  ha  thin  lamina  of  nervous  matter  on  the  median  line,  only  par- 
tially covering  in  the  "fourth  ventricle;"  whilst  in  the  higher  Mammalia,  as 
in  Man,  it  is  a  mass  of  considerable  size,  having  two  lateral  lobes  or  hemi- 
inheres  in  addition  to  its  central  portion.  The  ilirect  communication  which 
the  Cerebellum  has  with  both  columns  of  the  Spinal  cord,  and  the  com- 
paratively slight  conimissnrai  connection  which  it  possci^seis  with  the  higher 
portions  of  the  Encephalic  centres,  justify  the  supi^Ki^ition  that  it  is  rather 
concerned  in  tiie  regulation  and  co-ordination  of  tlie  actions  of  the  former^ 
than  in  any  proper  psychical  operations;  and  it  will  hereal'ter  be  shown  that 
the  various  kinds  of  evidence  afforded  by  Comparative  A6atomy,  by  Ex- 
perimental inquiry,  and  by  Pa tho logical*  observation,  all  tend  to  supjKjrt 
this  view  of  its  function. 

457.  Now  although  e^very  segmeut  of  the  Spinal  Cord,  and  every  one  of 
the  Sensory  Ganglia,  may  be  consideretl,  in  (^munon  with  the  Cereljrum,  as 
a  true  and   independent  centre  of  nervous  power,  yet  tbi*  ititlependeuce  is 

manifested  when  these  organs  are  se|>a rated  icom  each  other;  either 
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aeparaticiii  between 
ele.'*  Interposed  amnii^  the  cuTntiiissiimi  fibiv-^  of  ihe  ^teduila  Ohltia^gna, 
however,  are  txrtnio  eoUeetior!!?  of  ve^icuinr  iualt**J%  whitli  t^rve  n»  ihitp^ 
gllouic  centres,  gnveruing  the  cftlibn*  of  the  v*Gi^***lt<,  and  i'lir  th**  ttitir«9o«M* 
of  respiration  and  deglutition,  the  latter  t'orrHHpjuding  with  thti  "  rt^\%iTnu%if^ 
and  *\stotnato-jiastn(r' gruigllrt  of  lijvtTtebrated  atiirnab.  Thi-  «'-  rr,.<i- 
tioD  of  ^o  niaijv  dii^tinct  centres  into  oue  ^y^ein,  wotihl  seem  dv-  ^n 

to  affonl  lo  all  of  tbern  the  protection  of  the  vertehral  eoiumn ;  anu  wj  [j*ri 
to  Been  re  that  eonsentaneonsne^s  of  aetlon  and  that  ready  means  of  muinAl 
inflnonee,  which  are  pectdiarly  reqnisite  in  beings  b  whom  iht*  ai  uviiy  af 
the  Nervous  system  h  ^o  predominant.  Thus  the  cJoi^e  connect  inn  wbirh  w 
esLahll-ilied  in  the  higher  Vertebra  ted  animals  between  the  respini" 
the  general  locomotive  apparatus,  is  obvionaly  subservient  in  thf*  u 
the  former  make?  of  the  huter  in  the  performanee  of  its  fuoetions  ;  wiul*^,**^ 
the  other  hand^  the  control  which  their  encephalic  centres  pf*^r-:<  fir^r  tie 
action.^  of  the  rej>piratory  ganglia,  enables  tlie  Will  to  regular  m- 

tory  and  expiratory  movements  in  the  manner  required  tor  the  ;i  -^1- 

ization. — Under  the  term  Bensory  Ganglia,  may  be  eoQipreliendpfi  thjui^^ 
semhhige  of  ganglionic  mai^^es  lying  along  the  base  of  the  skull  iti  Mnn.juid 
partly  included  in  the  Medulla  Oblongata,  in  which  the  nerre*  of  tht 
**spe4ual  aetise^/*  Taste,  Hearing,  Bight,  and  Smell,  have  their  (^cntrnl  termi* 
nation,s;  and  with  these  may  pnjhahly  be  aifs^x^iatrd  rhe  two  pnirTH  of  pwigli* 
onic  bodies  known  as  the  Corf>ora  Htnata  and  Thalami  Optifi,  into  whtdi 
may  be  traet-d  the  greater  proportuni  of  the  fibrei?  that  constitute  the  rjin**i» 
strands  <d'  the  MednUa  Oblongata,  ami  which  seem  to  stand  in  the  *am^ 
kind  of  relation  to  the  nerves  of  Touch  or  "common  sen^sation,*'  that  tii<: 
OUactive,  Optic,  Auditory,  and  Guatative  ganglia  bear  to  their  ievomi  ocrrfr 
trunks. 

4o4.  Now  it  i^  not  a  little  interesting  that  this  Cranio-8pina1  aii?»  whirii 
repref^cnt^i  iu  Vertebrated  animals  the  whole  nervfm«  *iystein  of  th*^  Inv^^fti*- 
bruta  (with  the  exception  of  the  rudiment  of  the  Sympathi-ti'  IfCf 

piii^stji,  should  exist  in  the  lowest  known  Verteh rated  auin»al  vk  r  -u^ 

|>eradditiou,  and  ishouhl  be  sufficient  for  the  perfornuuice  of  all  its  aeiidiw^ 
Such  i^  the  ca^e  iu  the  curious  Amphio^m^  Vk  little  fi^li  which  pre^*ntf  not 
the  dighte^t  trac*e  of  either  Cerebnim  or  Cerebellum,  and  in  which  evea  tb* 

geni^ory  gnnglia  and  the  organs  of  &|)erial  een.«e  have  only  a  rudt '  -^  f*x. 

istcnce  ;  juid  in  wliich,  too,  the  sipinal  cord  \s  composed  of  a  ^err  Am 

that  are  obviotrslv  dij^liuet  from  each  other,  although  in  elo*ie  ap|M.*\krii:iooo. 
And  even  in  thelower  Cyelostome  Fishes,  the  c<>ndition  *A'  tht*  nervou*  een> 
tres  is  %^ery  little  above  thi.«,  save  as  regards  the  largv^r  development  cjf  ihe 
scniMiry  ganglia.— This  condition  has  its  parallel,  even  in  the  Pluman  jipede^ 
in  the  caj-e  of  Infants  which  an*  oceusionally  born  without  cither  Cofrhram 
or  CVrcbellum  ;  such  have  existed  for  seveml  hours.  r>r  ^v*'U  davit,  !>rvdihui|fi 
sucking,  crying,  and  peribrming  various  other  nti  :  and  tht'n.*  i^  do 

physiological  rea^m  why  their  lives  di out d  not  be  .  djf  iht?vbe 

tur(*d  with  sufficient  care. 

455.  In  Man,  however,  as  in  all  the  higher  Vertebrata,  we  fin^! 
posed  ^as  it  were)  upon  tlie  Sensory  ganglia,  and  constituting  t  :aI 

ma:?d  of  the  Kncef)halon,  the  bodies*  whieli  are  known  as  tb^  f^^  liih 

pfiffv^,  or  H<mi*tpherw  GantjUa.     Now  wdien  these  are  bo  l  \^ 

as  to  cover  in  and  obscure  the  tSensory  gangUii  to  the  degrt^   w  .^  ate 

it*elf  in  I^Ian,  it  is  not  surprising  tliat  the  fnndainental  imjKM  th« 

latter  t^hon Id  not  be  generally  recognis'.ed ;  in  Fisht^s,  however,  the  !*n»|"irtjiitt 
between  the  two  sets  of  centres  is  entirely  revemeii,  the  rudiments  ottht*  C*f?- 
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ccDtrc«  uf  txcUo-inofm-  reflexion. 
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oeotre  that  the  impression  o^n  reach.  The  directing  povrer  of  the  Will 
iesms  to  be  moi^t  stron^fly  exerted  f>ver  thof?e  actions  which  are  mt^st  closely 
oonoecled.  with  p^tj^hlml  chrtnge?.  niid  which  are  excIiiMvely  Cercht-fd  in  their 
mAU  It  hns  beeo  already  |>ointed  out,  that  the  Crauio-Spinal  axis  not 
merely  server  as  the  chiuinel  for  fhe  reception  of  the  imprcssione  which  ex- 
cite the  ai^tivity  of  the  Hf^nil^pheric  ganglia,  and  as  the  instrument  whrrehy 
the  re:*ult>»  of  their  operation  are  brought  to  bear  upon  the  nni macular  system  ; 
but  lliat  it  is  also  the  centre  of  reflexion  through  which  various  aiitoniatic 
moverneutsi  are  culled  forth,  that  are  immediately  concerned  in  the  main- 
lenjiriCH]  of  the  organic  funetiona.  The  impresci^ious  which  excite  these  move- 
men  tii  do  not  in  general  paj^s  on  to  the  Cerehruni ;  for  we  only  perceive  them 
when  we  spefially  direct  onrattctitiou  to  them,  or  when  they  exisst  in  unusual 
potency.  Thm  we  are  unconscious  of  the  *'bo^(>iu  de  re^spirer"  by  which  our 
ordinary  movements  of  respiration  are  prompted;  and  it  h  only  when  we 
have  refrained  from  breathing  for  a  few  si*c<nKU,  that  we  experience  a  sen- 
sation of  uneasiness  which  impels  us  to  make  forcible  efforts  for  its  relief 
Notwithstanding,  however,  that  the  Cerebrum  ia  thus  uneoncerDod  in  the 
ordinary  performance  of  those  automatic  movement.*,  yet  it  can  exert  a  certain 
degree  of  control  over  many  of  them,  so  a§  even  to  suspend  them  for  a  time, 
thiHjgh  in  no  instance  can  it  carry  this  suspension  to  sm-h  an  extent  as 
seriously  to  disarrange  the  Organic  functions;  thus,  when  we  have  volun- 
tarily refrained  from  breathing  f»>r  a  few  seconds,  the  inspiratory  impulse  so 
rapidly  increases  in  strength  with  the  continuance  of  the  suspension,  that  it 
at  luj^t  overcomes  the  most  powerful  efllirt  we  can  make  for  the  repression  of 
the  movements  to  which  it  pronrpLs  (§  80O,  note).  Now  in  this  and  Mmilar 
ca^s  it  would  seem  as  if  the  Will  interfered  ti 
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structyrally^ — hy  aettial  divisiou  ;  or  functionally — by  tlie  sui^penmii  eltW 

activity  of  other  |>art^*     In  their  state  of  perfect  integrity  fin>!  r,,rtii>lde 
^netiona]  activity,  they  are  all  (at  least  in  Man)  in  Biieh  su*  i  to 

th^  Cerebrum,  that  they  only  minister  to  it^  actions!,  exf'ept  in  >  .  _  hn 
are  subservient  to  the  maintenance  of  the  Organic  function*^  as  in  thr*«tiv 
matic  acts  of  brenthing  and  swrtlbwing.  With  regard  to  every  othp-^  -  ^-^^ 
the  Will,  if  it  possesses  it«  due  predominance,  cnin  exercbea  det 
power;  keeping  in  check  every  automatic  Impulse,  and  reprex^tji::  n. 
promptings  of  emotional  excitement.  And  this  ^eem.^  to  result  from  thf 
peculiar  arrangement  of  the  nervous  apparatus;  which  caii^i?:^  the  excit*ir 
tmpres&ion  to  tmvel  in  the  npmird  direction,  if  it  meet  with  no  intrf^rruption, 
until  it  reaches  the  Cerebrum,  without  exciting  any  reflex  movcmcntii  in  it* 
course.  When  it  arrives  at  the  8ensorium,  it  makes  an  impre^-^ion  *m  ib 
consciousness  of  the  individual,  and  thus  gives  rise  to  a  !  tho 

change  thus  induced^  being  further  propagated  from  the  -  atr^ 

the  Cerebrum,  l>ecomes  the  occasion  of  the  formation  of  an  ifie*i^     It      "' 
this  idea  any  plcasnrable  or  painful  feeling  should  be  associated,  i!  fis^w 
the  character  of  an  etnotiori:  and  either  as  a  simple  or  as  an  emotional  iil  v 
it  becomes  the  subject  of  intflkctufti  operatktnst  whose  final  ip^^ue  i=  i^  k 
twnaf  dHenninationy  or  act  of  the  Will,  which  may  be  exerte<l  in  [ 
or  checking  a  muscular  movement,  or  iii  controlling  or  direetiug  liit.  -  u..-,,* 
of  thought. 

458.  But  if  this  ordinary  upward  coiir&i^  be  anywhere  intermped,  the  im- 
pression will  then  exert  its  power  in  a  trfuiMfene  ilii'ection,  and  a  *' reflex"  | 
action  will  be  the  result;  the  natiitx?  of  this  being  de|jendent  u|K»n  the  jitrt ! 
of  the  Cerebro  Spinal  axis  at  which  it**  ascent  had  l)een  cherkt?d.  llius  if 
the  interruption  be  produced  by  division  or  injury  of  ihe  Spinal  t*onl.  k> 
that  its  lower  partis  cut  off  from  comnuinseaiion  with  theenwi>balic  f^vttff*. 
thi§  portion  then  acts  as  an  inde}>etident  centr*';  and  impressions  m  ■ 

it  through  the  afferent  nerves  proved iug  to  it  fnjm  the  hnver  rx 
excite  violent  reflex  movement^*,  which,  being  tlms  produced  v 
tion,  are  designated  as  "excito-motur/'-^^,  ftgaiu,  if  the  nn\v. 
be  conveyed  to  tlie  Bensonum,  but  should  be  prevented  by  the  n 
the  C-erebrum,  or  by  its  state  of  functional  inaction,  or  by  the  dui   .. 
its  activity  into  some  otber  channel^  from  calling  forth  ideas  thnmgh  Itw 
instrumentality  of  the  latter,  it  may  react  upon  the  motor  appamtini  by  the 
"retleK"  power  of  the  Sensory  ganglia  tljeniselves;  as  seems  to  W  the  €•!• 
with  regard  to  those  locom<itive  actions  wlncli  are  maintained  m   '        '   f  Ht 
sensation!*  during  states  of  profound  ahr^traction,  when  the  air  'K 

individual  is  so  completely  con  cent  rated  upon  his  own  train  ot  iu^k 
he  does  nut  perct^tve  external  objects,  although  his  movements  an* 
guided  through  the  visual  and  tactile  sen.«es.     8ucb  actions,  btMn. 
dent  u|mu  the  pniniptingof  sensiitioris,  are  **senson  motor'*  or'S^n. 
— Bui  further,  even  the  Cerebrum   res|K)nds  automatically  to  ini 
fitted  to  excite  it  to  ** reflex'*  action ^  when   from  any  eiiu:^  th**  ^^ 
abeyance,  Hud  its  power  cannot  bo  exerted  either  over  the  mu 
or  over  the  direction  of  the  thoughts.     Thus  in  the  stJites  t*f  K' 
ing,  Somnambulism,  etc.,  whether  sipnntaueous  or  artificially  u 
wfiieh  take  pos^ssion  of  the  mind,  and  from  which  it  cannot  i'i\^   . 
excite  respondent  movements;  and  this  luay  hapf>en  al^o  when  %U 
the  Idea  is  morbidly  exaggerated,  and  the  Will  is  not  su^j^emW,  btu  i**i  * 
weakened,  as  in  many  forms  of  Insanity, 

459.  The  general  views  here  put  forth  in  regard  to  the  iurli  ;       * 
connected  actions  of  the  several   primary  divisions  of  the  ( 
apimratus,  may  perhaps  be  rendered  more  intelligible   by  thu  tuUawii 
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table,  which- is  iotended  to  represent  the  ordinary  course  of  operation  when 
the  whole  is  in  a  state  of  complete  functional  activity,  and  the  character  of 
the  "  reflex"  actions  to  which  each  part  is  subservient,  when  it  is  the  highest 


-THE  WILL- 


Intelloctual  Operations.^ 


Emotions. 


"^Ideas. 


ScnsMtions.- 


Impressions. 


••^Cerebrum 


centre  of  emotional  and  ideo^moior  reflexion. 


-Sensory  Ganolia- 


centre  of  tentori-moior  reflexion. 


-*-^ 


-•t-SPINAL  CORD- 


or  Sympatiiktic  Ganouok, 

ccntreD  uf  eicUo-ntofor  reflexion. 


Motor  ImpulM. 


J 


eentre  that  the  impression  can  reach.  The  directing  power  of  the  Will 
■eems  to  be  most  strongly  exerted  over  those  actions  which  are  most  closely 
oonnected,  with  psycJucal  changes,  and  which  are  exclusively  Cerebral  in  their 
■eat.  It  has  been  already  pointed  out,  that  the  Crauio-Spinal  axis  not 
merely  serves  as  the  channel  for  the  reception  of  the  imprcs-sions  which  ex- 
cite the  activity  of  the  Hemispheric  ganglia,  and  as  the  instrument  whereby 
the  results  of  their  operation  are  brought  to  bear  upon  the  muscular  system ; 
bat  that  it  is  also  the  centre  of  reflexion  through  which  various  automatic 
movement«  are  called  forth,  that  are  immediately  concerned  in  the  main- 
tenance of  the  organic  functions.  The  impressions  which  excite  these  move- 
ments do  not  in  general  pass  on  to  the  Cerebrum  ;  for  we  only  perceive  tiiem 
when  we  specially  direct  our  attention  to  them,  or  when  they  exist  in  unusual 
potency.  Thus  we  are  unconscious  of  the  **besoin  de  respirer  "  by  which  our 
ordinary  movements  of  respiration  are  prompted;  and  it  is  only  when  we 
have  refrained  from  breathing  for  a  few  seconds,  that  we  experience  a  sen- 
Mtion  of  uneasiness  which  impels  us  to  make  forcible  efl*orts  for  its  relief. 
Notwithstanding,  however,  that  the  Cerebrum  is  thus  unconcerned  in  the 
ordinary  performance  of  those  automatic  movements,  yet  it  can  exert  a  certain 
degree  of  control  over  many  of  them,  so  as  even  to  suspend  them  for  a  time, 
though  in  no  instance  can  it  carry  this  suspension  to  such  an  extent  as 
ieriously  to  disarrange  the  Organic  functions ;  thus,  when  we  have  volun- 
tarily refrained  from  breathing  ft)r  a  few  seconds,  the  inspiratory  impulse  so 
rapidiy  increases  in  strength  with  the  continuance  of  the  suspension,  that  it 
at  last  overcomes  the  most  powerful  cffl)rt  we  can  make  for  the  repression  of 
the  movements  to  which  it  prompts  (§  800,  note).  Now  in  this  and  similar 
cases  it  would  seem  as  if  the  Will  interfered  to  prevent  that  direct  trans- 
( passage  of  the  stimulus  from  the  afferent  to  the  efferent  nerves  through 
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tbe  CmntU'Sphml  axig,  nhich  constitutes  the  ordiDarir  line  of  actioii  Ibrltt- 

fjresji^ioiis  having  their  origin  in  the  neeeh^itieg  of  the  Organic  or  V«|g«Utifl 
ife  i>f  the  individual  That  the  Will  should  have  a  certain  dt*gree  of  ohk 
tral  over  these  niovemeDt§t  is  necef^^ry  in  order  that  they  inay  be  rtodcral 
suljj^fervient  to  varliius  actions  which  are  nec^aflary  for  the  due  exwutU 
Matr^  pL^ychical  powers;  but  that  they  ihould  not  be  lefk  depeodml  itpoi 
its  eicerci^,  and  Bhuuld  even  he  executed  In  opposition  to  it  wheo  the  watiti 
of  the  @ysteni  imperatively  demand  their  [jerfortuance,  eou^lituta^  a  IM 
provision  for  securing  Life  against  the  chance  of  iiiattentiun  or  momeniafy 
caprice. 

460,  The  Cerebro-Spinal  system  is  intimately  blended  with  anollier  lel  4 

fatigllonic  centreft  and  nerve-trunks,  scattered  in  differtnU  part^  of  ilieboilj,j 
ut  mutually  connected  with  each  other;  this  h  cummimly  leriiR-d  llir  1 
pathetic  s>T^tem ;  but  not  unfre<jueiitly»  from  the  |*o^itiu!i  of  its  pni»npt! 
centre^  and  their  evident  funetioiiai  Wlation  to  the  apparatus  of  Ofgam 
life,  tiie  Vtiifentl  i^y intern.  To  this  system  we  are  probably  to  refrr,  mt  *»lf 
the  B*?milutmr  and  Cardiac  ganglijt  (which  seem  to  be  iti  prioeijKal  ceoins), 
with  the  chain  of  cranial,  eervieal,  thoraeic,  lumbar,  and  ^aeral  i^raniriiat 
which  are  in  nearer  connection  with  the  Cerebro-spinal  system;  but  ati» 
numerous  miuute  ganglia,  which  are  to  be  found  on  its*  braJche-*  io  van>iai 
part*.  Moreover,  the  ganglia  upon  tbe  posterior  roots  of  the  Sptmil  i>enrM» 
and  thosae  upon  the  roota  and  trunks  of  certain  Cmnial  nerves,  nutj  be 
rankeil  with  considerable  pfolmbillty  undpr  tbe  game  category;  and  if  *u^ 
be  the  cane,  lUo&e  fibres  contained  in  the  Cerebro-spinal  nerves^  whieh  haft 
t  h  ase  m  their  |^a  ng  I  ion  1  c  ce  n  t  res ,  m  tigt  a  ha  1  k*  ^cvo  u  n  ted  a*  bi'  1  ^  - 

Sympathetic  j?ystcm.    On  the  other  hand  there  un(|ua*ti<)nahlv  .( r 

aus  fibres  in  the  Vi^^ceral  system,  which  proceed  into  ir  '  '         r^ 

gpiriul  «y??tcin  ;  tliesc,  however,  are  not  uniformly  distribut-  .  ibt 

Yii?certtl   nerves  contain  few  or  none  of  thcnii  whilst  in   oitirr*  Uirt  Jii* 
nnmenm;?.     The  branches  by  which  the  Sy  in  pathetic  E>ystjem  cocnmaiiirsltf 
with  the  Cerelim-i^pinal,  and  which  were  formerlv  oonsiclered  n-*  tht;  rWiuf 
the  Sympathetic  svi^tera,  beem  to  contain  fibres  ol  both  kiml*;  i-r.,  Cv    ^^ 
Bpinnl  fihre.-^  pas^sing  into  the  Sympathetic,  and  8ym[mthelic  (ibn^s 
into  the  Cerehni-spinaL     The  latter  are  chiefly,  if  not  entirely    "^ -" 
into  the  antei^ar  branches  of  the  Spinal  nerves;  the  ijoiif^mor  l^i 
apparently  supplied  with  sympathetic  fibres  from  tln'  ganglin 
pos^terior  roots.     Some  of  thes€  last  fibres  also  pass  from  the  i 
in  to  t  f  1  e  8)"  Hi  pa  t  h  et  i  c  sy  ste  m .     By  t  h  ese  co  m  m  u  n  1  ca  t  i  o  n^,  1 1  le  t  w  -  >  - 1  ■ 
fibres  are  so  blended  with  each  other,  that  it  is  imiK^sslblc  to  iwdiite  1 
The  branches  proceeding  i'mm  the  Semilunar  ganglin  ane  dif-t 
the  vessels  of  the  abdominal  viscera  ;  and  those  of  the  Cardiac 
tbe  heart  and  ve^^sels  proceeding  from  It    The  latter  seem  to  ji 
arteriul  trunks  through  their  whole  course,  rami  tying  minnt- 
snHace;  and  it  can  scarcely  be  doubted  that  ihey  eatcr*;^      ,.    m: 
inHuenr<e  over  their  functions*     What  the  nature  of  that  ioihjH  tn  .    j 
however,  will  be  a  subject  for  future  inquiry  ichap,  xviiK     It  i^  »»  cvi- 
dently  connected  with  the  operations  of  nutrition,  secretion,  »'t,-    il.:o  ihr 
de^ignatitm,  "nervous  system  of  organic  life/'  as  applieil  to  ihi 
not  seem  objeetionahle,  provided  that  we  do  not  understai*-^   ^ 
the  depettdenre  of  thci^e  functions  upon  it.— The  intcrp' 
Cerebm-spinal  system  by  the  Sympathetic  is  strongly  maikra   iv,  up-m'  ,1*^ 
cinninistances, — that,  in  some  of  the  lower  Vertcbrata,  I  he  dt^iributitin  i4 
their  trunks   cannot  be   separately  distinguished;  and  tbuf,  iht 

I  li  igh  es  t,  mmi  e  of  th  e  G 1  an  ds^  of  w  h  i  c  h  t  h  e  iec  re  t  i  on  is  moit  d  i  ret  1  >*i 

hy  the  condition  of  the  mind,  are  supplied  with  moit  of  their  ucrvca^  fniiD  J 
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the  cerebro-spiual  system,  the  lachrymal  and  sublingual  glands  receiving 
large  branches  from  the  fiflh  pair,  and  the  mammary  gland:)  from  the  in- 
tercostal nerves. 

461.  Cerebi'o-Spinal Nerve- Trunks, — Having  thus  considered  the  principal 
attributes  of  the  ganglionic  centres  of  the  Cerebrospinal  system,  we  have 
next  to  inquire  into  those  of  the  nerve-trunks  which  are  connected  with 
thenn.  It  is  only  in  the  Vertebrata,  that  the  difference  between  the  afferetU 
and  efferent  fibres  of  the  nerves  has  been  satisfactorily  determined.  The 
merit  of  this  discovery  is  almost  entirely  due  to  Sir  C.  feell,  who  was  led  to 
it  by  a  chain  of  reasoning  of  a  highly  philosophical  character  ;  and  although 
his  fewf  experiments  on  the  Spinal  nerves  were  not  satisfactory,  he  virtually 
determined  the  respective  functions  of  their  two  roots, — the  posterior  as 
wenBorv  (afferent),  tne  anterior  motor  (efferent), — by  ex|)erimeut8,  and  by 
pathological  observations  upon  the  Cranial  nerve«f,  some  of  which  contain 
only  one  class  of  fibres  to  the  exclusion  of  the  other,  before  any  other  physi- 
ologist came  into  the  field.*  Subsequently  his  general  views  were  confirmed 
hy  the  very  decided  experiments  of  Miiller ;  but  until  very  recently,  some  ob- 
■euritv  hung  over  a  portion  of  the  phenomena.  It  was  from  the  first  main- 
tained by  Magendie,  and  has  been  subsequently  asserted  by  other  physiolo- 
gists, that  the  posterior  and  anterior  roots  of  the  nerves  were  both  concerned 
m  the  reception  of  impressions  and  in  the  production  of  motions  ;  for  that, 
on  touching  the  posterior  roots,  not  only  the  sensibility  of  the  animal  seemed 
to  be  affected,  but  muscular  motions  were  excited ;  and  that,  when  the  anterior 
roots  were  touched,  the  animal  gave  signs  of  pain,  at  the  same  time  that  con- 
vulsive movements  were  performed.  These  physiologists  were  not  willing, 
therefore,  to  admit  more  than  that  the  posterior  roots  were  especially  sensory, 
and  the  anterior  especially  motor.  But  the  knowledge  we  now  possess  of  the 
"reflex"  function  of  the  Spinal  Cord  enables  the  former  ])ortioii  of  these 
phenomena  to  be  easily  explained.  The  motions  excited  by  irritating  the 
posterior  roots  are  found  to  be  entirely  dependent  upon  their  connection 
with  the  Spinal  Cord,  and  upon  the  integrity  of  the  anterior  roots  and  of  the 
trunks  into  which  they  enter;  whilst  they  are  not  checked  by  the  separation 
of  the  |)osterior  roots  from  the  peripheral  portion  of  the  trunk:  it  is  evident, 
therefore,  that  excitation  of  the  |)osterior  roots  does  not  act  immediately 
upon  the  muscles,  through  the  trunk  of  the  nerve  wluch  they  contribute  to 
form  ;  but  that  it  excites  a  reflex  motor  impulse  in  tlie  Spinal  Cord,  which 
18  propagated  through  the  anterior  roots  to  the  periphery  of  the  system. — 
The  converse  phenomenon  of  tlie  apparent  sensibility  of  the  anterior  roots 
of  the  Spinal  Nerves  has  been  recently  investigated  and  satisfactorily  ex- 
plained by  M.  Brown-Sequard.  If  these  roots  be  irritated,  the  animal 
usually  gives  signs  of  uneasiness;  but  if  they  be  divided,  and  the  cut  ends 
nearest  the  centre  be  irritated,  none  such  are  exhibited:  whilst  they  are  still 
shown  when  the  farther  ends  are  irritated,  but  not  if  tho  posterior  root^  are 
divided.  According  to  M.  Brown-Sequard,'  these  phenomena  are  simply 
due  to  the  circumstance,  that  on  irritating  the  distal  extremities  of  the  an- 
terior roots  the  muscles  supplied  by  them  are  thrown  into  a  state  of  cramp, 
and  pain  is  experienced  from  the  violent  compression  of  the  extremities  of 
the  sensory  nerves,  which  of  course  is  no  longer  felt  when  the  roots  of  the 
latter  arc  divided. 

462.  Every  fibre,  there  is  reason  to  believe,  runs  a  distinct  course,  between 
the  central  organ,  with  one  of  the  cells  of  which  it  is  connected  at  one  ex- 
tremity, and  the  organ  of  sense,  muscle,  or  other  tissue,  in  which  it  either 


>  S«^  British  and  Foreign  Mod.  U«*vicw,  vol.  ix,  p.  140.  «»tc. 

'  Lectures  on  the  Physiology  of  the  Contrul  Nervous  System,  1800,  Lecture  i. 
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terminates  or  forme  a  loop  at  the  other;  in  the  terminal  ramificatiopK  of  thr 
nerve.^,  however,  a  anhdlvmmt  and  pie xi form  arrangemeul  of  the  tjlin*  it 
frequently  ohfiervahle.  Although  the  fitsetotili  ofciiNionany  iiittTraix  nroi 
exchange  fibres  with  one  another  (as  ofcur^  iu  a  plejtm} /the  fibre*  thrm^ 
selves  never  inosculate.  Each  fibre  wouitl  seem,  therefore,  to  have  ita  t|v  j 
propriate  nffice,  which  it  cannot  ^Unrc  with  another,— Several  nhi**-r.  t4ui»-»T 
to  be  attained  by  the  pi  ex  i  form  arrangement.     In  some  int^tan  v.i* 

to  interniiK  fibres,  which  have  eudowments  fundamentallv  ilm-.-.M.  f^*r 
example,  the  Spinal  Accessory  nerve,  at  lU  origin,  apfw^ar*  to  be  exclurivflr 
motor*  and  the  roots  of  the  Pnenmognstne  to  btr  excly^lvely  afferent',  hut 
by  the  early  admixture  of  the*e,  a  larjre  number  of  motor  fibres  art^  imparti^i 
to  the  Pncnnjopjaptrir,  and   arc  distributed  in  variable  pru|v>rtion,  wkh  Jti 
different  branches;  whilst  a  few  of  its  sensory  filamenU  seem  to  enter  the 
Spinal  Acce^eory, — In  olher  instances,  the  i^bject  of  a  plexus  apj^^ant  to  t«e 
tu  give  a  mtire  advanlagcoua  distribution  to  fibres,  which  all   |Mjtf^t**-<  nirr^ 
»{wjnding  entiowment^.     Thus  the  Braobial  plexus  m\%m  tojrether  t' 
aii.siug  from  five  ^gment^  of  the  >ipinal  cord,  and  H^nds  ojf  fivL*   i 
trunks  to  supply  the  arm-    Now  if  each  of  the^e  trunk,*  hufl  arifH*n  W  ii?*elf»i 
from  a  distinct  segment  of  the  spinal  cord,  so  that  the  parts  on  which  il  id  I 
distrihuted   had  only  a  sinj^le  connection  with   the  ncrvims  eenirtg»  ihty 
wonid  have  been  much  more  liable  to  paraly*iis  than  at  prt'senL    By  me 
of  tlie  plexus^  every  part  is  supplied  with  fibres  arising  from  s-evt*ml  seg-J 
ment^  of  llie  spinal  cord  ;  and  the  functi^ms  of  the  whole  must  tberefope  1 
iuspended,  beftjre  coniplete  paralyi^i^  of  any  part  emi  occnr  fr<im  a  catt? 
which  operates  above  the  plexus.    Snrh  a  view  in  borne  out  by  direct  rxperi- 
merit;  for  it  has  been  ai^certaiued  by  Paniixn  that,  in  Fnjpa,  wbo.^  Ctruml 
plexus  is  much  lesj?  complicated  than  that  of  Mansmalia^sectiiVD  of  the  nmU 
of  one  of  the  three  nerves;  wbirb  enter  into  it.  prodncci^  little  ctlVt  oji  the  , 
general  nmvemeuts  fjf  rhe  limb:  and  that,  even  when  two  arc  «i  fserej 

is  no  paralvMS  of  any  c»f  it?^  action?:,  all  being  weakenetl  in  a  i.- 
degree/    Ail  ronietideration  of  the  mmie  tn  which  we  make  uj^e  of  our  mu 
and  of  the  power  whirh  we  have  over  them,  leads  to  the  rouflusion  that  I 
gnuglionie  centre  has  a  specific  and  limited  sphere  of  influence,  prrxla 
eertinn  movements  and  no  others;  hence,  for  the  execntion  of  a  varie 
movemeiita  in  harmonious  combination  with  each  other,  it  st*em*  n^iS 
that  the  nervous  supply  of  each  muscle  should  he  den%*iMl  from  Fcvemll 
ferent  centres  ;  and  thus  it  i-s  that  the  complicatfoii  of  ptexuf^ai  come*  to  bel 
related  to  the  variety  nf  movements  of  the  parts  i^upplied  thrnngh  th**m.    It' 
is  not  a  little  interesting  to  remark,  that  arran{*ement^  of  a  aiimilar  kind  pre- 
gent,  iheniselve^i  among  the  higher  Invf*rtebrata, 

4l>ri  The  folh>wing  statements,  in  which  the  doctrines  of  Prof  Mallrr*ai«  ^ 
atlopted  with  some  modifications  and  additions,  embody  the  «:  ■ 
pies  aj^certained  by  ex jxTiment,  respc^cti ng  the  trausoiis^nn  of 
Motor  impressions  along  the  nerves  which  respeHivrly  minister  i<< 
Their  raUonak  will  beat  once  nndei'stood,  from  the  fnct^  already  mentia 
in  regard  to  the  isolated  character  of  each  fibril,  and  the  identity  of  iU  t 
dowmcnts  through  its  whole  cour^. 


1  Sicikiiiij  JltiiHrnlicmRof  lbp|mp*>rtnacp  nf  thr  pJi^xiformr^^mmtinU  .' 
flr**  MfTnrrfid  bv  micU  on^cs  n."^  I  hut  rffordtnl   hv  Mr   Suvtiry  U*^iiH'**l.    \ 
when*,  iiftof  nJtd^von  itl'  ii  |nirTion  of  thfi  m*is-fnlo  8^|>jrnl  ni*rvi%  the*  •>»  i. 
pan  «*ipptird  Uy  Ujhuuch  iiiiprtiri»<I,  wh*  ^tiU  lu  M>tin>cxti"at  rMtHiniHi, 
pn>hrthly  nf  the  t'tmimtiiiUiitionft  ih«t  »*i£ifil  bi*lwecii  iht*  rmlinJ  mi  J  %'xV  ^ 
n(*rv(>i  in  tho  fiiri'jirnj,    Ste  n\m  W   Gull,  Qubtoaiiin  Lcctun**  i*n  tli«  Kervautf 
,t<*ni*  111  MiMiiriil  TiMH^*,  1840,  p.  37 j!. 

»  Ekm»nt*of  Fliyiiobgy,  irimiilttled  by  Dr.  Biily  j  pp.  m\  ^m. 
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I.  When  the  whole  trunk  of  a  sensory  nerve  is  irritated,  a  sensation  is 
pniduced,  which  is  referred  by  the  mind  to  the  parts  to  which  its  branches 
ftre  ultimately  distributed  ;  and  if  only  part  of  the  trunk  be  irritated,  the 
seiiMtion  will  be  referred  to  those  parts  only  which  are  supplied  by  the  fibrils 
it  contains. — This  is  evidently  caused  by  the  production  of  a  change  in  the 
wosoriuin,  corresponding  with  that  which  would  have  been  transmitted  from 
the  peripheral  organs  of  the  nerves,  had  the  impression  been  made  upon 
them.  Such  a  change  only  requires  the  integrity  of  the  afferent  trunk  be- 
tween the  point  irritated  and  the  sensorium,  and  is  not  at  all  de^ndcnt  upon 
the  state  of  the  peripheral  part  to  which  the  sensations  are  referred  ;  for  this 
may  have  been  paralyzed  by  the  division  or  other  lesion  of  the  nerve,  or  may 
bave  been  altogether  separated  as  in  amputation,  or  the  relative  position  of 
ita  parts  may  have  been  changed  as  in  autoplastic  operations.  So,  when 
iifl«*rent  parts  of  the  thickness  of  the  same  trunk  are  separately  and  succes- 
uvely  irritated,  the  sensations  are  successively  referred  to  the  several  parts 
Hipplied  by  these  divisions.  This  may  be  easily  shown  by  compressing  the 
ulnar  nerve  in  different  directions,  where  it  passes  at  the  inner  side  of  the 
Blbow-joiut. — Still  the  mind  undoubtedly  does  possess  a  certain  power  of 
Jiacriniinatiug  the  part  of  the  nerve-trunk  on  which  the  impression  is  made; 
for  whilst  this  impression  is  such  as  to  produce  sensations  that  are  referred 
to  its  peripheral  extremities  pain  is  at  the  same  time  felt  in  the  spot  itself; 
and  it  would  seem  as  if  slight  impressions  are  oidy  felt  in  the  latter  situation, 
it  least  in  the  normal  condition  of  the  trunk  or  fibre.  Thus,  as  it  has  been 
irell  remarked  by  Volkmann,  '*  if  a  needle's  point  be  drawn  in  a  straight 
line  across  the  back,  or  the  thigh,  or  any  part  in  which  the  nerves  are  widely 
placed,  the  mind  |)erceives  the  line  of  irritation  as  a  straight  one;  whereas, 
If  it  referred  all  impressions  to  the  ends  of  irritated  fibres,  this  mode  of  irri- 
tation should  be  felt  in  sensations  variously  scattered  about  the  line,  at  the 
points  where  the  nerve-fibres  crossed  by  the  needle  terminate.*'^ 

II.  The  sensation  pro<iuced  by  irritation  of  a  branch  of  the  nerve  is  confined 
to  the  parts  to  which  that  branch  is  distributed,  and  does  not  affect  the 
branches  which  come  off  from  the  nerve  higher  up. — The  rationale  of  this 
law  is  at  once  intelligible ;  but  it  should  be  mentioned  that  there  are  certain 
sonditions,  in  which  the  irritation  of  a  single  nerve  will  give  rise  to  sensiitions 
jver  a  great  extent  of  the  body.  This  **  radiation  of  sensations ''  seems 
rather  due,  however,  to  a  particular  state  of  the  central  organs,  than  to  any 
lireet  communication  among  the  peripheral  fibres. 

III.  In  general  the  motor  influence  is  propagated  only  in  a  centrifugal  di- 
rection, and  not  in  a  retrograde  course.  It  may  originate  in  a  spontaneous 
change  in  the  central  organs,  or  it  may  be  excited  by  an  impression  conveyed 
to  them  through  afferent  nerves ;  but  in  both  cases  its  law  is  the  same.  There 
is,  however,  a  well-known  experiment  termed  the  "  paradoxical  contraction 
sf  muscle,"  which  shows  that  motor  nerves  may  under  certain  circumstances 
convey  impressions  centri petal ly.  If  a  motor  nerve  be  selected  which  divides 
into  two  branches  (as  for  example  the  sciatic  of  the  frog,  which  divides  above 
the  bend  of  the  knee  into  the  tibial  and  peroneal  branches),  and  a  galvanic 
stimulus  be  applied  to  either  of  these  branches,  this  having  been  first  divided 
above  its  insertion  into  the  muscles,  the  electrotonic  state  will  be  develo{>ed, 
Dot  merely  in  the  portion  of  the  trunk  continuous  with  that  branch,  but  also 
in  that  which  is  continuous  with  the  other  branch,  as  will  be  made  apparent 
by  the  contraction  in  the  muscles  supplied  by  the  latter.  That  this  experi- 
ment may  be  free  from  the  possible  fallacy  resulting  from  the  excitement  of 
reflex  action,  the  trunk  of  the  sciatic  nerve  should  be  divided  high  up,  or 

*  Kirkes  and  Pagct's  Handbook  of  Physiology,  p.  375. 
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iho  spinal  cord  be  destroye^l — Laj^tly  the  fjceurrenee  of  t lie  oegaliTC  wnfk^ 

turn  **i  the  cnrrent^  that  b  to  my  the  dimp[M;aniJue  of  the  Dornml  ranMt 

whi^h  exists  in  both  seusary  and  motor  nerve?,  cm  exr*itiitirm  of  thei^ iMnii 

by  any  stianihisi,  atf^vidfi  an  addiunnal  proof  Unit  the  particles  of  iwrfvifia 

concUrct  in  either  dinM'ti«>ti.     In  the  mme  way*  although  iii  n  rulfi  t^m/ttf 

ini  prison  ^  are  only  eondu  uted  towanU  the  new  rent  res,  yet  ^onw  eTidmtT 

hm  been  obhiincd  to  show  thnt  they  may  eonduH  in  an  oppct^^iir  ilimu  «. 

Thii!!,  MM,  Philippcau:c  and  Vulpisn*  divided  the  hyp*>g)os^«l  and  lia^*l 

nerveii,  which  are  conveniently  placed  for  the  ex|>enmeni,  and  Applieci  liii 

peripheric  extremity  of  the  hypugios^al  to  the  centric  extremity  of  the  liw- 

guah>.  They  found  ihat  ii»  a  feiv  weeks  uuioo  took  phiee»  and  ihiil  the  mii>rioi 

of  I  he  tongue  might  be  exciled  to  contract  by  an  eleelriral  cm 

to  the  lingualii*  or  eenj^nry  nerve.     MM,  Phihpj>eanx  and  Vnlj 

conclusion  that  when  the  firoperhe^  of  the  hypi*glos?;al  arc  ah  " 

tion  the  Kingualis  after  the  lap^^e  of  some  time  acqniren  mntf 

oat  previously  posi-os.     It  is  to  be  observed,  however,  tliat 

fibres  can  thus  conduct  iin  elect ricjU  stimulus  there  h  total  Si>- 

€<mtrol  over  the  lingual  n*uscles,  antl  if  the  opration  he  j 

Bides  the  aTiinial  n^  rendered  i>ernnuK'nt  ly  iueapahle  of  prott 

In  Bidder*^  experiments^^  mier(iacopiefil  examination  of  the  h> 

that  the  peri]>heric  extrendty  of  the  litigualis  c*msiii>ted  cxcltish 

fibres  which  had  undergone  fatty  degeneration,  whilst  in  the  \^ 

tion  of  the  hypugjosj^ai  which  had  united  with  the  centric  of  ii.-. 

the  greater  number  of  the  fibres  presented  their  normal  characi* 

thi«  accorded  with  the  fact  t!mt^  when  the  nerve  was  cut  durinL' 

animal  gave  marked  indicatiou  of  pain»  and  the  same  &ide  of  the  t> 

convulsed. 

iv.  When  the  whole  trunk  of  a  motor  nerve  h  irritated,  all  tb^  miii«*l« 
which  it  supplies  are  eaueed  to  contract-     ThiB  contraction  evi  ■ 
from  the  similarity  between  the  eflect  of  an  artificial  stimulus  n 
trunk  in  its  course^  and  that  of  the  change  tu  the  central  or- 
the  motor  influence  is  ordinarily  propagated*     But  when  only  w 
trunk  or  a  branch  is  irritated,  the  conLractiou  is  usually  cou(ine*l  li* 
el  en  which  receive  their  nervous  tibrcM  fmm  it ;  in  thii?»  iaBtauee^  zj_- 
other,  there  h  no  lateral  com  nmn  lea  tion  between  the  fibrib, 

4Ci4.  Dt^tenninutioH  of  (he  Functions  q/Weretv*,— VariiUia  meihttd^  *^^  ^^^'f^^f- 
mining  the  functions  of  pariicuiar  nerves  prt*?4ent  them§eht^  to  th^ 
h>gieal  inquirer.    One  source  of  evidence  is  drawn  from  Uit  i*^ 
dUtrihtitian,     For  example,  if  a  nervoui  trunk  i^  found  to  hr^  i  ^w 

in  the  i*iibstance  of  Muscles,  it  may  be  inferred  to  be  chiefly,  il 
mfitor  or  efferent     In  this  manner  Williii  long  ago  deteriiiintHl  i\ 
Fourth,  ^ixtb,  Portio  dura  of  the  Seventh  (or  Facial),  an*!  hmth  k 
nervci*,  are  almost  entirely  subservient  to  niu.'icular  movcmmt  ;  and  ih»' 
had  been  observed  of  the  fibres  proceeding  ^nmi  the  timall  roi>t 
pair,  before  Sir  C,  Bell  experimentally  determined  the  double  fiis 
division  of  the  nerve  into  which  alone  it  enters.     Agwiu,  whi^re  a  ticrvc 
through  the  muscles,  with  little  or  no  ramification  among  them,  and  proctwii 
to  a  Cutaneous  or  Mncoua  surface  on  which  its  hraneht^  are  mtimteir  it^- 
trihuted,  there  is  equal  reason  to  believe  that  it  is  of  a  ttejmjrtf  i^r  r^th^  of 
an  ii(feft!ut  character.     In  this  manner  Willia  came  to  the  ctu.  'ul 

the  Fifth  pair  of  cranial  nerves  dilfers  from  those  previou4y  ui ,.,.*i,iil 

•  MM.  PhiliJ^prJl^x  nnd  Yiilplun,  Ctimpt^  Rendus,  1860,  t  H,  p,  368^ And  id«n,kJ 
111,  p.  68  Arcbiv,  U^ii  4e  MU**cinv,  July,  ie*J:i  p.  t2^  See  also  Otugv  lad  Tbi«»^| 
fjefl*ffl,  Brt>wa-Swju«rd's  Juurnttl  du  lu  Phy»ioWii;,  lB&i»|  I,  n,  p.  ^6. 

>  Biiieiiuri'A  Archiv,  imb^  p  243. 
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being  partly  sensory.  Further,  where  a  nerve  is  entirely  distributed  upon  a 
Borfacc  adapted  to  receive  impressions  of  a  special  kind,  as  the  Schneiderian 
membrane,  the  retina,  or  the  membrane  lining  the  internal  ear,  it  may  be 
inferred  that  it  is  not  capable  of  transmitting  any  other  kind  of  impressions; 
for  experiment  has  shown  that  the  special  sensorj/  nerves  do  not  possess  com- 
mon sensibility.  The  case  is  different,  however,  in  regard  to  the  sense  of 
taste,  which  originates  in  impressions  not  far  removed  from  those  of  ordinary 
touch ;  and  it  is  probable  that  the  same  nerves  minister  to  both. — Anatom- 
ical evidence  of  this  kind  is  valuable  also,  not  only  in  reference  to  the  func- 
tions of  a  principal  trunk,  but  even  as  to  those  of  its  several  branches,  which, 
in  some  instances,  differ  considerably.  Thus,  some  of  the  branches  of  the 
Pneumogastric  are  especially  motor,  and  others  almost  exclusively  afferent; 
and  anatomical  examination,  carefully  prosecuted,  not  only  assigns  the  rea- 
sons fur  these  functions,  when  ascertained,  but  is  in  itself  nearly  sufficient  to 
determine  them.  For  the  superior  laryngeal  branch  is  distributed  almost 
entirely  upon  the  mucous  surface  of  the  larynx,  the  only  muscle  it  supplies 
being  the  crico-thyroid  ;  whilst  the  inferior  laryngeal  or  recurrent  is  almost 
exclusively  distributed  to  the  muscles.  From  this  we  might  infer,  that  the 
former  is  an  afferent,  and  the  latter  a  motor  nerve ;  and  experimental  in- 
quiries (as  we  have  seen,  §  301 )  fully  confirm  this  view.  In  like  manner  it  may 
be  shown,  that  the  Glosso-pharyngcal  is  chiefly  an  afferent  nerve,  since  it  is 
distributed  to  the  surface  of  the  tongue  and  pharynx,  and  scarcely  at  all  to 
the  musoles  of  those  parts;  whilst  the  pharyngeal  branches  of  the  Pneumo- 
gastric are  chiefly,  if  not  entirely,  motor  (§  89).  Lower  down,  however, 
the  branches  of  the  Glosso-pharyngcal  cease,  and  the  oesophageal  branches 
of  the  Pneumogastric  are  distributed  both  to  the  mucous  surface  and  to  the 
muscles,  from  which  it  may  be  inferred  that  they  are  both  afferent  and  motor  ; 
a  deiluction  which  experiment  confirms  (§  90). — We  perceive,  therefore,  that 
much  knowledge  of  the  function  of  a  nerve  may  be  obtained  from  the  atten- 
tive study  of  its  ultimate  distribution  ;  but  it  is  necessary  that  this  should 
be  very  carefully  ascertained,  before  it  is  made  to  serve  as  the  foundation 
for  physiological  inferences.  As  an  example  of  former  errors  in  this  respect, 
may  be  mentiiuied  the  description  of  the  Pt)rtio  dura  of  the  Seventh  (or 
Facial)  at  first  given  by  Sir  C.  Bell ;  for  he  incorrectly  stated  it  to  be  dis- 
tributed to  the  skin  as  well  as  to  the  muscles  of  the  face,  and  erroneously 
regarded  it  as  in  part  an  afferent  nerve,  subservient  to  respiratory  impres- 
sioDS  as  well  as  to  motions.  In  the  same  manner,  from  inaccurate  observa- 
tion of  the  ultimate  distribution  of  the  Superior  Laryngeal  nerve,  it  was 
long  reganled  as  that  which  stimulated  to  action  the  constrictors  of  the 
glottis. 

465.  But  the  knowledge  obtained  by  such  anatomical  examinations  alone 
is  of  a  very  general  kind ;  and  requires  to  be  made  particular,  to  be  cor- 
rected and  modified,  by  other  sources  of  information.  One  of  those  relates 
to  the  connection  of  the  tninks  with  the  central  organs.  The  evidence  derived 
from  this  source,  however,  is  seldom  of  a  very  definite  character ;  and,  in 
lact,  Physiologists  have  rather  been  accustomed  to  judge  of  the  func^tions  of 
particular  divisions  of  the  nervous  centres  by  those  of  the  nerves  with  which 
they  are  connected,  than  to  draw  aid  from  the  former  in  the  determination 
of  the  latter.  Still,  this  kind  of  examination  is  not  without  its  use,  when 
there  is  reason  to  believe  that  a  particular  tract  of  fibrous  ^tructu^e  has  a 
certain  function,  and  when  the  office  of  a  nerve  whose  roots  terminate  in  it 
k  doubtful.  Here,  again,  however,  very  minute  and  accurate  examination 
is  necessary,  before  any  sound  physiological  inferences  can  be  drawn  from 
&ctsof  this  description ;  and  many  instances  might  be  adduced  to  show,  that 
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tlje  n?nl  conneci  10113  of  nerves  iind  nervous  centres  are  often  very  i\ 

fr*jni  tiidr  nmTureut  ones. 

400.  Miist  im|H>rtaTit  informatiori  m  to  the  fum-tion?  of  part 
may  be  drawn  from  txperimental  inqtiirim;  hni  these  «lso  aie 
fii  n  ac  i  ♦  I  u  ji  n'ftii  1  ts.  u  n  I  es^  t  h  ey  a  re  p  ro^  ecu  ted  w  i  1 1 1  n  iuU  k  rt  i^  w  t  ^  I 

nreca  ( 1 1  ions  uecesi-a  ry  to  in&ii  re  suece&s.  Koine  of  t  Ue^ty  wi  1  Ilw  h « 
In  till*  (it'>?t  phiee^  the  euduwrnentj*  of  the  tritnk  and  of  the  rf/oU  *4  a  D<?fre 
may  (liHcrj  owing  to  tlie  admixtine,  in  the  ibrnier,  of  tibrcs  derived  hr  m- 
oseulalion  fioin  another  uervc  (§  463;.  Hence,  in  order  tu  attain  patwikiorr 
rebuUfi»  a  eomparalive  set  of  experlnieutH  should  always  be  made  npun  eaib.' 
A  nerve-trunk  may  be  loo  hastily  considered  ri*  motf/r,  on  aeeonnt  of  tb^ex- 
citatickn  of  muscular  movements  by  irritation  of  its  trnnk,  ubibt  sttitl  in  c*jth 
neciinii  Willi  its  centre;  for  such  movements  may  be  ealkd  forth,  n«>t  onlj  by 
the  direct  influence  of  the  nerve  upon  the  muscles^  but  also  by  rvilojt  ptimtt- 
lation  acting  through  the  ganglionic  centre  U|>on  eome  ott**T  onrv**.  Th«» 
rea h nu n re  of  t u ch  ni o ve ni e n ts  can  o u I y  b c  d e t e r m i n ed  b y  *  1 ' 
and  ihcji  irritating  each  of  the  cut  extremiiici?.  If,  u|Kjn  • 
eepumted  froni  the  centre,  muscular  eontraciionii  are  |>rf> 
mfcly  inierred  that  tli^  nerve  ie,  it^  part  at  least,  of  ai\  '^ 
Shouki  JH>  t^nch  result  follow,  this  would  be  improbable*  if,  uu  the  oEliei 
hand,  muscular  movcjnent  should  be  produced  by  irritating  llie  eMrt 
in  cotateetlon  wUh  the  ceitlre,  it  will  then  be  evident^  that  it  b  o<xtafit>ji( 
eu  imprecision  conveyed  towardit  the  centre  by  IftU  trunk,  and  pn>pH;r:ii 
the  nHit*cles  by  some  other;  in  other  words,  to  use  the  language  ol  lh\  >L 
thirt  nerve  is  an  '*  excitor  "  of  Juoiion,  not  a  direct  mmor  nerve.  The  Gli 
pliaryngeal  hm  been  FHii^rnetorily  deierndued,  by  experiment??  of  ibi*  kit4 
perforjucd  by  Dr.  J,  lietd  (§  89),  lo  be  cldefly,  if  not  cnti ndy,  an  alRnut 
nerve— ft  has  been  from  iht^  want  of  a  propter  (m"dc  of  exfH*nmenti»g,  tbjii 
the  fuuctton^  of  the  pQ^ntrrtop  rotrU  of  the  Spinal  tjcrves  have  bei*n  n*gnnit?d 
m  in  any  tlegree  njotor*  If  tliey  lie  irritautl,  wjibout  divis^iuu  uf  eillmr  rm>!, 
motion?!  are  often  excited  ;  but  if  tliey  be  divided,  and  tbcir  feH,^pnrnltnl  trunb 
be  tlicn  irritated,  no  motions  ensue;  n(Jr  are  any  movements  prtHltif^til  hr 
irrilalitin  of  the  roots  in  conneclion  with  the  spinal  cord,  if  tbi*  afttf 
have  been  divided.  Hence  it  appears  that  these  tibres  do  imt  p<r 
direct  motor  powum,  but  that  they  convey  impressions  to  the  ecntn%  wiotii 
are  reflected  to  thenuiscles  thnmgh  tlie  anterior  roots.— The  sarnie  dfiHcultita 
do  not  attentl  the  determination  of  the  rtr«*fon/ endowments  of  mrvi^.  It 
when  the  trunk  of  a  nerve  is  pricked  or  pinched,  the  animal  exbihitu  ^Ipri 
of  pain^  it  may  be  concluded  tlml  tlie  nerve  is  eajmble  of  receiving  uud 
trans^mltling  sensory  iniprcssinns  from  its  peripheral  extremity*  JJut  U  uol 
unfreijuently  Imppcns  that  this  capability  is  derived  liy  inf»«cul»tioa  rilJa 
another  uervc ;  as  is  the  case  with  the  Facial,  which  is  s^.msory  afar  it  h^ 

Eassed  til  rough  the  (larotid  gland,  having  received  there  a  twig  fh>m  iki 
'ifih  pair. 
407*  The  fallaeie?  to  which  all  expertments  upon  the  nerve**  aiv  *Ttl>|«ii 
ari>ing  from  the  partial  lo^5  of  their  power  of  receiving  and  r  i»- 

pressious,  and  of  exciting  the  muscles  to  uetion,  after  death,  ar-  -iw 

to  require  more  particular  mention  here  ;  yet  they  arc  frequent iyovirliMkrti, 
Of  a  similar  description  are  those  ariijing  from  .severe  dii^turbam-e  nf  thi 
«yi*leni,  in  consequence  of  o|>erationSj  wliieh  also  have  not  been  enough  rf 
gardcd  by  experiniente)"s. — As  a  general  rule,  negtdiir  rei^uN^  are  of  le»?  khX^ 
i\um  poifithe,  but  very  careful  discrimination  is  otlcn  required  to  lieternrift* 
whttt«r€  negative, and' what  positi^^e  ri'sults.  Each  partieularnt  -  *•  ■  •  t»n 
eoureeii  of  fallacy,  which  require  to  be  logically  scrutinized  ;  an-l  1  '^* 

factory  proof  is  derived  from  the  concurrence  of  every  kind  uf  tvuRno  ^^ulck 
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the  nature  of  llie  iaquiry  admits  of,  Tliu*  m  the  determitmtion  of  the  fuDc- 
tians  of  a  panieular  nerve-truuk,  it  j?hould  be  showu  that  a  certam  effect  ia 
e&njftanti^  produced  by  its  exeitatjoii  (under  the  couditimi*  laid  duvvo  in  the 
preeetitng  paragraphX  and  that  a  correjspoDditij^  interruptiojj  iu  the  action  to 
which  tt  i*  hence  inferred  to  be  sub=;ervieuti  trikes^  place  when  its  continuity 
has  been  interruptei] ;  by  this  double  proof,  the  Glo=!Sii-pbaryngeai  and  the 
Pneumnga^tric  are^howu  to  be  the  principal,  but  not  the  sole,  excitoi*9  of  the 
moveraeiJt&  of  Deglutition  aud  I uspi ration  resjjeciively*  But  the  evidence 
aflbrdc^  «ilely  by  the  interruption  of  a  ptirticidar  function,  after  the  division 
of  a  certain  nerve,  or  the  destruction  or  removal  of  a  nervous  c*entrc,  m  by 
no  mean 5  so  :?ftti2sifactory ;  for  this  nmy  be  occa^^ioned  rather  by  the  general 
eflect^  of  the  o|ieration,  than  by  the  giiuple  le^sion  of  the  uervutiH  apparatus. 
In  orfler  to  get  rid,  ^o  far  as  possible,  of  this  s<mrce  lif  fallacy  (which  par- 
ticularly affects  experinicntH  upon  the  Encephalic  centres,  and  upcju  the  io- 
fluence  of  the  nerves  upon  the  vi.-scera  t,  it  i^  desirable  to  per  form  comparative 
experiment?:,  in  which  the  general  injury  shall  be  as  nearly  as  ptjssible  the 
same,  and  the  only  difference  shaM  lie  iu  the  lesii>ri  of  the  nervous  system ; 
and  lo  subtract  from  the  entire  result  all  that  can  be  thus  shown  to  be  attribu- 
table to  I  he  geueral  disturbance  produced  by  the  operation.  But  even  ihen, 
it  amy  happen  that  the  fnuction  is  only  suspended  for  a  tirue^  by  the  shock 
which  has  been  in<luced  by  the  injury  to  the  nerve ;  and  if  it  should  be  sub- 

^iicntly  renewed  without  any  reunion  of  the  trunk,  we  have  the  most  con- 
Tincing  proof  that  whatever  degree  of  participation  the  nerve  may  have  in 
it,  the  action  is  not  essentia] ly  dependent  upon  the  integrity  of  that  fv>Mioii 
of  the  nervou&^  apparatus.  iSuch  we  have  seen  to  be  the  case,  in  reganl  to  the 
relation  of  the  Pneumogastric  nerves  to  the  secretion  of  gabtrie  fluid  in  the 
walls  of  the  stomach  ({i  llo). 

408.  All  our  positive  knovvied^  of  the  functions  of  the  Nervous  System 
in  general^  save  that  which  results  from  our  own  consciousness  of  what  passes 
within  oui>elves,  and  that  which  sve  obtain  from  watching  the  man ilesiat ions 
ef  disease  in  Man,  is  derived  from  ohservatioti  of  the  piiejiomena  exhibiteti 
by  animals  nmde  ihe  subjects  of  exfjerimeuts;  and  iu  the  inierpretatiou  of 
these,  great  caution  must  be  exerci.-?ed. — In  tlie  first  place  it  must  be  con- 
etamly  borne  in  mind,  that,  except  through  the  moremenU  consetjueut  upon 
them,  we  have  no  means  of  aseertataing,  ivhether  or  not  particular  chajjgcs 
in  the  Kervons  System,  whose  character  w^e  are  endeavoring  to  de terra iue, 
are  attended  with  sensation  ;  since  we  have  no  power  of  judging  whether  or 
not  this  has  been  excited,  save  by  tfie  cries  and  struggles  of  tlie  animal  made 
the  subject  of  experiment.  Now  although  such  cries  and  struggles  are  ordi* 
nnrily  considered  as  indications  of  pain,  yet  it  is  not  right  so  to  regard  thera 
io  every  instance ;  and  the  only  uucfpii vocal  evidence  is  derived  from  ob- 
servation of  the  correspotiding  phenomena  iu  the  Human  subjcet;  siuce  we 
can  there  ascertain,  by  the  direct  testimony  of  the  individual  affected,  what 
impressions  produce  sensation,  and  what  excite  nu>vements  independently  of 
sensation.  Further,  we  are  not  justified  iu  assuming  thai  Consciousness  is  ex- 
cited by  an  irritation,  slill  less  that  Intelligence  aud  Will  are  called  into 
exercise  by  it,  merely  beeause  movements  evidently  tending  to  get  rid  of  its 
source  are  performed  iu  respondeuce  to  it.  We  know  that  the  contracticma 
of  the  heart  and  alimentary  tube  are  ordinarily  excited  by  a  stimulus,  with- 
out any  sensation  being  iavolverl;  artd  these  movements,  like  all  that  are 
caneerned  in  the  maintenance  of  the  Organic  Junctions,  have  an  obvi<me 
4m^n,  when  considered  either  in  their  immediate  effects,  or  in  their  more 
remote  consequents^.  The  character  of  adtiptivefte9s,  then,  in  Mut=cular 
movements  excited  by  external  stimuli,  is  no  proof  that  they  are  perliu-med 
in  obedience  to  sensation  ;  much  less  that  tlvey  have  a  voluntary  uharacter, 
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In  no  case  is  this  adapt) veness  tuore  remarkable,  than   lo  f>ome  »f  xhmi 
actions,  which  are  not  only  performed  without  any  ivffijri  of  the  will^  Inn 
iwhich  ihe  will  caTinot  imitate.     This  h  the  cape»  for  example,  witli  ibe  u     ^ 
Dtgliitition  (SS^7,  88),  the  muscles  concerned  i»  which  caum^t  licilir  '-^ 
into  contraction  by  a  vohmtary  impube,  being  alimulated  ouly  l»v  m^n^ 
gions  conveyed  from  the  mucous  suriace  of  the  fauces  to  ihi*  ^UhJuJIa  Oh*^^^ 
gata,  and  thence  reflected  along  the  motor  nerva*,     Nij  one  can  *wii  I   . 
without  producing  an  impression  of  ^ome  kind  npoii  this  surfaa\  -    - 
the  m  u  sc  u  1  a  r  mc>  ve  m  en  ts  will  i  ni  rued  lately  respon  d .     No  w  it  u  i  u  \ ; 
cj^nceive  any  movements  more  perfectly  adapted  to  a  giveu   pin; 
are  those  of  the  parts  in  questioti ;  and"  yet  they  are  iu t Impend t*tji 
of  volition  but  of  sensation,  being  still  performed    in  vni^im  itt  v% 
BciousneSvS  Is  completely  sus|)ended  or  eutlrdy  absent.     The  act  *•'■   ■ 
in  the  irdant,  agility  is  one  in  which  a  number  of  mu sides  :^: 
coinbitie{|  contraction,  in  a  manner  wldch  shows  u  ei>mf>lt*tje  b^^ 
given  pnrjxise;  and  yet  it  is  impossible  to  suppose  (his  adaptatuitt  i 
po»lvt' tm  the  jiart  of  the  infant  it.HeJf;  more  especially  as  it  i*  :»[, 
bv  the  oceunvuce  of  nmnMrocJities,  and   by  experiments    rumle  wiii 
oljject,  that  no  part  of  the  Cranio-spinal  axis  above  the  Aletlnlli  OMi 
18  necessary  to  it.     And  in  the  acts  of  Omghing  and  Siice^cii 

have  additional  examples  of  the  most  tidftptht  tnovements,  t:,  , Ur  i 

marvel  1  on. ^  combination  of  separate  muscidar  actions^  vvith  the  nbviou*  pu^^ 
po^e  of  removing  srairces  of  irritation  from  the  air*passage^ ;  and  yti  ••I 
know  by  personul  experience,  that  tlus  combination  is  not  mmk'^  with  aiiH 
design  of  our  own, 

4tiO.  1l\w  activity  of  the  nervous  ganglia  and  of  tlw*  nervouiii  €oH»  i«  alik 
called  into  actitm  by  the  application  of  stimuli.    These  vnry  in  th» 
and  whilst  some^  as  electrical  currents^  chemical  agents*,  and    n 
pressure,  can  excite  all  nerves  to  action,  othei^^  like  the  vibni 
and  sound,  udorous  emn nations,  and  heat,  aptjear  to  be  only  ^ 
citing  nerves  whose  intimate  structure  especially  adapt.^  them  for  r^Hp«ii 
to  the  in&fjrcssiotis  made  by  these  delicate  yet  active  ageut*.     Altboug" 
conducting  power  of  the  Kerves  for  electriciil  current*   h  many  th*»i 
litnes  less  than  metiillic  threads,  electricity  apjtears  to  l>ea  stimulus  iball 
readily  ntfkts  them,  whatever  may  be  their  lunctiim  ;  cic citing  nut  only  i 
various  sensory  nerves,  but  being  also  the  most  powerful  agent  with  vihickl 
we  are  acrjuainted  for  inducing  the  contracti<m  of  ninseles  when  appb»^tl  ttil 
the  motor  nerves  that  supply  them.     The  effectjs  of  electricity  upon  i»«»fve§l 
differ  ren  Kirk  ably  according  to  whether  a  continuous  or  an  induced  eunHitf 
is  employed.     A  continuous  current  passed  across  a  nerve  at  riglil  angic^l 
ocensions  no  con  tract  i<  in ;  but  if  it  be  diree  ted  up  or  down  the  nervr,  cuo- 
traction  ef>mmonly  orcnrij  at  the  moment  of  ehjsing  and  o[»#?ning  the  ciirfriit> 
though  muje  during  its  stea<ly  and  uniform  passage.     With  an  indn^*-*!  f»/ 
interrnpled  current,  on  the  contrary;  the  nerve  being  kept  in  n  ■ 
of  excitation,  the  muscles  sup[>lied  by  it  pass  into  n  stale  of  i 
tetanic  eontrnetlon,     AVitb  a  cuntinnous  current,  contraction  \»  oWrr*^  ♦<« 
take  pfuee,  not  only  at  the  inomcnt  of  cla^iJig  and  opt'idng;  but  »!)?*»  «"Iibi 
any  smhlen  chatige,  either  of  increase  or  decrease,  occurs  in  the  tnlennitr  nf 
the  trausiniiited  current.     The  observation  of  these  phenotueo?'  i^  •*  3«'«3  ^'' 
the  eMubli^^hment  of  a  law  of  nerve  physiology,  which  was  - 
down  by  Du  ISois-Reymond,  that  the  excitation  of  a  nerve  is  ti.-i  ir ,,  ,.. . 
much  by  the  absolute  amount  or  ijitensity  of  the  stimulus  that  inappW^n 
ii,  hut  by  the  nn>dification  of  this  amount  from  one  moment  tu  amitlicr.  U 
other  wurds,  the  excitation  of  any  ncivo  caused  by  a  stinruUis  b  gFMetA* 
more  rapidly  the  resulting  changes  are  produced,  or  the  greater  ihuy  •!«'■  | 
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a  given  time  ;  aod  on  the  cootrarj,  whatever  may  be  the  nature  of  the  stimu- 
lus applied,  whether  mechanical,  ehemieal,  thermic,  or  electrical,  neither 
^n^ation  in  a  sensory  nerve  nor  motion  in  a  motor  nerve  is  produced  when 
the  paj^iMige  from  one  grade  of  inteasity  to  another  is  extremely  gentle.  If 
for  example  mechanical  pre^^i^iire  be  no  applied  to  a  moior  nerve  ass  that  com- 
mencing with  the  elighte&t  poiiwible  contact  it  may  steadily  and  cotUinnouj<Jy 
increase  in  force  even  till  the  nerve  be  killed  at  that  spot,  no  couvu lesions 
occur  iu  the  muj^clei*  to  which  the  nerve  is  distributed/  Mu5cnlar  contrac- 
tiou  only  j^npervene^i  where  the  change  in  the  amount  of  prei^snre,  whether 
greater  or  les^a  than  that  previonsly  present,  is  so  sudden  as  to  produce  a  kind 
of  shock*  In  proportion  to  the  energy  of  the  shock  or  vibration  of  the  par- 
ticles of  the  nerve  is  the  effect  produced  on  the  muscles;  thun  we  see  that 
teianic  cimvulsions  may  be  induced  by  violent  extension  of  a  nerve^  and 
that  the  whole  body  of  a  decapitated  Frog  cati  sometimes  be  renderefl  rigid 
l*y  rhrowing  it  on  the  ground.  In  a  .similar  manner,  whilst  the  "sudden  ap- 
plication of  a  ligature  or  of  heat  to  a  ^mmrj^  aerve  produces  acute  pain, 
numbness  pasj^ing  into  entire  insensibility  is  the  only  effect  if  they  be  grad* 
ually  applied/  and  the  same  hohb  good  t()r  all  other  kinds  of  stimuli.  In 
all  instances  the  passage  of  a  nerve  from  a  state  of  rest  to  one  of  functional 
activity  is  accompanied  by  changes  in  the  chemical  Cfuistitution  of  the  tissue^ 
and  it  has  been  shown  that  whilst  the  substauce  of  the  brain,  f  pi  mil  cord, 
and  nerves  is  feebly  alkaline  or  neutral  when  at  rest,  it  bccomeis  distinctly 
acid  after  Jong  and  exhausting  activity.'  The  molecular  and  chemical 
changes  seem  to  be  more  readily  induced  in  sensory  than  in  motor  nerves, 
the  latter  requiring  more  powerful  stimulation  to  call  them  into  play  than 
the  former,  their  ennilibrinm  in  other  words  being  more  stable,  Chanveau' 
has  endeavored  to  explain  the  effects  of  ehdrkal  ctirmits  on  the  supjK>sitioii 
that  they  produce  a  mechanical  commotion  in  the  particle^!  of  the  nerve. 
Hence  induced  current'*,  which  are  currents  of  high  tension,  and  therefore 
produce  a  more  powerful  shock  oriieries  of  shocks,  constitute  stronger  stimuli 
than  continuous  currents,  in  which  the  quantity  of  electricity  is  large.*  On 
applying  a  continuous  current  to  a  nerve  contraction  takes  place  in  the 
mus<  le  it  supplies*  and  a  similar  com  ruction  occurs  at  the  moment  when  the 
current  is  broken,  because  at  these  |)eriods,  in  accordance  with  Du  Bois-Rey- 
mond*s  law,  there  is  a  sudden  change  in  the  molecular  constitution  of  tfie 
nerve.  When  the  interruptions  of  a  continuous  current  are  about  twenty  in 
the  second,  the  muscle  has  not  time  to  relax  between  the  periods  of  breaking 
and  making  contact  and  passes  into  a  state  of  tetanus.  The  induced  cur* 
rents  which  are  developed  in  a  secondary  coil  on  closing  and  opening  the 
current  in  a  primary  coil,  as  in  the  instruments  of  ordinary  construction,  are 
always  of  short  duration,  and  the  molecular  movement  produced  iu  the 
nerve  is  correspondingly  rapid  and  sudden.  The  duration  of  the  opening 
current  does  not  exceed  0.0042",  whilst  the  duration  of  the  closing  current 
is  0.0111".  The  closing  current  is  comparatively  weak^  its  proportion  to 
the  opening  current  being  aa  1  :  G,  the  latter  being  of  higher  tension  and  of 
shorter  duration.  Cheniical  stimuli  act  but  slowly  on  nerves,  which  we  may 
attribute  to  the  sheath  of  the  fibres  affording  a  certain  amount  of  pnitectioti 


»  Schiff.  Physiiihigip.  18^^,  p.  ^4. 

^  Ste  HeifiKiJiHnn.  Uah^^r  div  Wirkiin^  ppbr  atlmahlii^er  A<^ndf*ningea  thermifche 
KfiKi*  auf  dv*'  EnipfinduficjPtU'rvcfK  Pfliii^rr*  Archiv,  lid.  vi,  p.  2T2. 
»  Bv  KubUp,  G=^ihi4(ll.  n,  nnd  Knnke,  Umtrnibldtl.  !8<i9,  p.  t»7. 

*  CliHUveuu,  Brrtwn-t?<&qiiai'i1'jj  J«mrn*  d(^  \h  Pbysiologie,  lb6U,  p.  578. 

•  For  tifi  itct'ovint  of  the  iiotiim  of  indiirc^  iind  cnntint4ini9  eurreute  on  lipfllthy  And 
on  parnlyxpd  nerve  «nd  nnts<"le  rcj^jiectively,  foc  Onimuft,  Kobia'*  Juurnul  tie  TAattt- 
uuou,  1874,  transliilied  m  fulJ  in  lUc  FracliliiiiitT,  1874^75. 
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to  the  coutenia.     The  &€n5:ory  tierces  appear  to  he-  mueli  mon?  rradih  acit^ 
oo,  aDci  by  a  much  greater  ra ngo  of  vhmnkal  affenin,  ihnu  the  tn^v^r  fK-m*! 
powerful  etimuli  for  the  latter  are,  bow  ever,  jbmitl  in  siilutioi 
rolafih,  even  when  not  exeee<ling  2  per  cent,,  in  those  of  Nitf 
and  of  HjfJroehloric  aeid,  eontnin'mg  20  per  cent,,  aiid    lu  cou  ■  i 
solutions  of  Ammonia  and  Aleobol  (90  per  cent.)  ;    the   I*tt(tr 
rapid  1 J  killing  tbe  nerve  at  ibe  point  where  they  have  beeu 
sulphide  ot"  carbon,  the  ethereal  oil^,  and  concentrated  mineral  .4  .  .    • 
nerve  at  once,  without  producing  eonvubions.^     Water  applieil  to 
trunks  excites  no  muscular  contractions,  but  if  injected   inti>  the 
tributed  to  a  muscle  induces  very  violent  convulsions,  which  are  hrlv 
Schitf  h*  be  due  to  the  direct  eifect  of  the  water  upon  the  delicate  (emali 
lions  of  the  nerves  in  tbe  muscles.     Withdrawal  of  water  from  the  tuTtei. 
if  effected  gradually,  produces  no  effeci,  but  if  arcomplifb^^d   mi'  " 
duceB  tetftuu:^.^     As  regards  therm ie  irriifdion  as  a  stimulus  ft^r  fh- 
has  been  ^h own  by  Weber  that  the  seuiicjry  nerves  do  not  ptM 
teajpernture,  but  only  variation.^  in  the  degree  of  beat  i\f  ex: 
The  influence  of  variations  of  tern penitu re  *>u  motor  ncrvt^  h^i 
giiteil  by  Eckbard,  who  Iulh  j^howo  that  a  temperature  of  uhooi 
duces  convulsions  in  frogf*^  which,  however^  soon  ceiLse :  the  imi  ; 
the  nerves  behig  then  h>^t,  though  upon  eoolinj^  they  orcAj^ionnnv 
Sudden  expiisure  to  a  temperature  of  nbiMit  25^  F.  also  pnwiucr 
Temperatures  intermediate  to  the^  limits  do  not  occasion  cun,  m.^*.,,-.  .... 
the  nerve  soon  loses  itj^  irritjibiiity  ^ben  eatj^osed  to  those  near  dUicr  ibt 
higher  or  the  lower  extreme. 

470,  Duriug  life,  and  in  the  healthy  etnte,  the  excitiibilitT  of  a  inotaf 
nerve  gradually  diminisheiii  from  it^  origin  to  it^  distribution  v-     '         -  '- 
so  that  a  stimulus  of  determinate  intensltv  produf'es  a  more  u 

traction  of  a  muscle  in  proportion  to  the  distance  from  ibe  ni- 
applied  to  the  nerve,  or,  as  it  is  expressed  by  Pfliit^er,  in  pr' 
length  of  the  myopolar  portion  of  nerve.     Thiu*  Budge  four 
duce  the  san>e  eficct,  L  e.,  the  same  aniouut  of  contraction ^t 
to  apply  a  stimulus  of  more  than  double  the  strength  close  to  : 
was  rei|uisite  if  the  stimulus  were  applied  to  the  portion  of  1 
origin.     The  question  arises  whether  the  nerve  i^  itself  more  eN 
partB  nearer  the  centre,  or  wbethi^r  the  stimulus  does  not  gn 
descent,  aufl  produce,  like  an  avalanche,  an  effect  greater  in 
I  h  e  d  ista  n  ce  i  t  h  us  t  ra  ve  rsed .     PtJ  lige r  e x  p  resscs  h  i  mse  1  f  d  ee  i  •-  *  > 
of  the  latter  supposition.     Yet  it  seems*  opposed  to  our  ordinnry  uotinfi»#/ 
the  resistance  otfered  to  the  passage  of  curreut?.  by  condu*  '  ^  '^     ■* 

Donienon  appears  to  be  more  readily  explicable  on  the  fii^ 
structure  of  the  nerve,  and  esfiecially  of  its  sheath,  may  ik 
in   those  parts  which  are  more  protected,  and  that  it  con*<» 
more  readily  responds  to  inipre^ions.     After  death  the  • 
Ij  er  ves  d  I  es  out  cen  I  r  1  fu  ga  1 1  y ,  th  e  pa  rt  i  a  p  rox  i  m  i  ty  t  o  t  h  f^ 
longest  excitable;  hut  Ila^e  n  1 1 1  a  I  h  as  sh  o  w  a  that  i  n  i 
the  excitability  of  ihe  nerve  is  for  a  short  period  coh  ^^'i 

tliat  this  exultation  is  f^horter  in  dunitlon  in  proportion  to  t  '>f 

the  portion  of  nerve  examined  horn  the  muscle.     According  i  r " 

i  Bchiff,  Phvaiologie,  1859,  p.  lOL 

»  Unrk.,'*-;,  Z'&lt?ehr»ft  f  Rjit.  M^d.,  Bd.  vii,  p.  219. 

«  E.klmrd,  Z.-iuehrift  f,  Rnt.  51ed.,  Ud.  x,  p.  \U\  and  }I«rlotft,  tbid.,  B<).  fiii^f 
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'  Annali  UniTersnll,  torn,  cxc,  1801,  p.  lO&i  1805»  p.  601,  nod  Lomb^,  HeA* 
Chir,  Rev.,  Jan.  !86D. 
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needle  of  a  seneitive  thermo-electric  apparatus  be  made  to  traverse  a  large 
nerve  like  the  scialic,  a  marked  iacrease  of  temperature  occurs  at  the  mo- 
ment that  its  fuDCtioual  activity  is  excited  by  mechanical  or  electrical  ex- 
ritation. 

471.  The  rapidity  with  which  sensory  and  motor  impressions  are  trans- 
mitted through  the  Nerves  of  the  living  body  is  apparently  so  great,  and  the 
means  of  estimating  it  at  our  dispostil  so  few,  that  it  is  doubtful  whether  we 
riiall  ever  be  able  to  determine  it  with  accuracy ;  but  the  ingenuity  of  Helm- 
lioltz  has  enabled  him  to  ascertain  with  some  precision  the  rate  at  which  the 
change  induced  by  the  passage  of  an  electrical  current  is  propagated  along 
a  aniall  portion  of  a  nerve.     The  following  figure  and  description  deserve 


Flu.  194. 


attention,  since  they  exhibit  the  mode  in  which  physical  research  can  be  ap- 
plied to  the  most  recondite  questions  of  oninml  life.  It  is  required  to  measure 
the  time  which  any  excitation  takes  to  travel  from  the  cut  end  a  of  the  nerve 
w  to  it«  point  of  entrance  b  into  the  muscle  m.  As  the  means  of  excitation, 
Helmholtz  employs  an  instantaneous  induction  current  in  the  following 
mode:  At  the  moment  that  a  constant  current  passing  through  the  coil  p, 
from  the  battery  k,  is  broken,  an  instantaneous  induced  (current  passing  in  the 
fame  direction  is  excited  in  q;  this  is  the  stimulus  acting  on  the  nerve  at  a. 
The  time-measuring  current  is  formed  by  a  second  battery  n,  into  some  part 
of  whose  circuit  a  galvanometer  e  is  introduced.  It  is  requisite  that  the 
dosure  of  this  current  should  be  precisely  coincident  with  the  opening  of  the 
inducing  current  from  k,  by  which  the  induced  current  at  Q,  or  the  stimu- 
lus, is  produced ;  this  is  effected  by  the  lever  a  b  c,  whose  arm  a  rests  on  the 
metal  plate  o  and  completes  the  circuit  k  l  a  p.  If  now  the  metal  point  d 
be  forcibly  pressed  on  b,  the  time-measuring  current  passing  through  ii  i  b 
D  E  F  G  will  he  closed;  but  at  the  same  instant,  from  the  depression  of  the 
inn  B,  the  stimulus  will  be  applied  to  the  nerve  through  the  opening  of  the 
inducing  current  k  l  a  p,  which  is  the  result  of  the  elevation  of  the  arm  a. 
But  as  soon  as  the  stimulus  has  reached  the  muscle  m,  after  traversing  the 
nerve  x  the  muscle  contracts,  raising  with  it  the  hook  (},  which  just  dips  into 
the  cup  of  mercury  f,  and  consequently  breaking  the  time-measuring  current 
proceeding  from  the  battery  n.  The  extent  to  which  the  galvanometer 
Deedle  has  been  deflected  indicates  the  time  during  which  the  current  has 
been  flowing  through  the  circuit  u  i  b  d  e  f  o,  that  is,  the  time  which  has 
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iiiterveued  fruni  the  iiiatant  of  the  application  of  the  stimuttid  lo  ibc  i 
at  a,  to  the  moment  when  the  contraction  of  the  muscle  breaks  timt 
A  portion  of  this  time  is  occupied  in  the  transinission  of  the  ittmutufl 
the  priint  a  to  the  muscle,  aod  a  portion^  termed  the  period  of  Itttt^nl  el 
ttou,  ela|>sea  before  the  muscle  res{wnds  to  the  stimulus.     In  onk*r  to  i 
taiti  the  duratiau  of  the  former  period,  the  experiment  ia  repeat^nl  with  I 
Eltemtir^n,  that  the  stimulus  h  applied  at  6,  and  again  the  extent  la  whidi^ 
the  needle  15  deflected  h  read  off;  the  difference  between  tli* 
tions  then  gives  the  lime  occupied  by  the  stimulus  in  pa^in^ 
From  nnmerous  experiments  with  this  iustrumentf  Helmhollz  arnvtni  1 
conclusion  that  in  the  Frog^  at  a  temperature  between  52^  F.  and  7t 
the  rapidity  of  the  propugation  of  inipres^sions  aUmg  motor  nerv*^  na^fn.^ 
81  to  12G  feet  per  second,  and  he  estimates  the  rapidity  for  humiin  n^^n^ ; 
somewhat  more  than  200  f^^et  per  second/     OtJier  observeri^  have  ohubw 
the  following  results:  Hirsch,'^  34  metres  (llLofeet);  and  ^H-bclnke,*  29,1 
metres  (98*4  feet)  per  second  in  the  Frog.     Marey/  from   12  to  15  mtii^ 
(HG  to  48  feet)  per  second  in  the  same  animal  in  winter.     Dotidcn  attfJ  I 
Jauger,^  20,09  metres  (88  feet)  for  the  sensory  nerves  of  Man.     And  Kt>lil; 
ran s<'h*^  also  from  experiments  on  Man,  at  94  metri'S  (308,3  feet)pir  ^ttddJ^ 
Bill  I  more  reeenily  Helm  hoi  tit/  in  expenments  rondurted  with  Iffrr  Baxt 
obtained  tlie  number  3:Ji)0-5  {111.22  feet)  for  Man,  wbiUt  F'  1  Vi 

WestMbund  that  the  mean  veKiciiy  iti  man  was  5-V  metres 
second.     In  these  experiment  m  well  as  in  thoi&e  of  Munk  it  wu^  io;uiiJ  J 
the  rapidity  of  transmission  h  greater  iu  the  periphrral  ihnu  m  tbc  n 
centrally  situated  portious of  the  nervous  system,     [B^'^^'h  star 
pidity  of  the  sensory  curreut  in  man  is,  for  the  cord,  194  met 
and  for  the  iierve»  1S2  metres  per  setoml]*     Colin^'*  has  notii 
fiympathetic  ganglia  are  strongly  irritated,  i-efiex  movements  ai  .  re 

procfuced;  but  when  the  CKCiUitioD  is  more  feeble^  n  looger  time  clap 
fore  the  movcnienu  occur.     M,  Hirsch  has  even  attempted  to  determin 
relative  rapidity  with  which  impressions  are  tninsmltled  through  the  m^ncll 
of  eight,  hearing,  and  touch  ;  and  the  fallowing  table  gives  bia  cooclmiioRi* 


Eiate. 

HtltlK'AI. 

!i.-. 

LfOWj; 

f-artmimi. 

f'^ 

K  Henringt     *     * * 

0.200 
0  077 
0JS2 

V  0.025 
^0  0l€ 

0  r*' 

2   Visunl  preoption  of  i»pMrk,,    .    .     .    , 

3,  VirtUrtl  pnri't'fitiors  of  th«  tmntit  of  n  atar, 

4.  Tnuch  (Mi  hand) 

1  Aepordinj*  in  Troh^ky,  wUh  feeble  ctirrent*  the  mnilrnum  "--1-"  ^u-  *.^  r.r,^^n^ 
lion  U  between  50"=  Hiid  t^$°  Fnht.,  the  rHpidity  hAntr  gri'Mtly  n^l 
(in  the  Frng)  h  WHrm^^d  ta  8*1^  tir  cooled  to  0=*  Fnhr.     AVilh  i^tr 
fluoncR  of  lh(*  tpmp**rniu!-e  upon  tlifl  crtnduetlvily  of  iho  nr^rvm  cJinior 
aUtig*-ther  iiuporfeplible  (Pflu^i*r'8  Archiv,  34.  viii»  Hrfl  %H),     B^.! 
merits  Hnd  the  nntec'tKlciTit  ony^  of  Huirnholts;  HUd    Uitti  1  Monntslwriiihl  i   B -rt  s 
Aciid.^  18T0,  p,  JB4)  pht^w  thnl  llie  luduence  tif  itfinja-niiyre  nnost  not  W  oTt'rk»'^b^ 
in  estnminifig  Ibe  nMiduciivitv  of  nervt^j*. 

i  M**lf'Kcb^a'ii  Uol*^r^itcli./B<l.  u,  Um,  p.  183, 

*  Itdebfin^s  Afcliiv,  1864,  f>.  151.  *  Gui,  M^i  <!*»  P«irU,  m^,  ^  1!^  j 
'  Ni'*!i'rhtmbch.  An-hief^  Bii.  i,  p   518. 

«  H*'nk»  Pn^ufTor't*  Z**'m ^  M.  xxvUi,  ieG<».  P*  1*M>. 

»  Ilprichtu  der  Borlijier  AkHd.nn.,  1867^  p.  22!:K    *  PflOprV  Archlv,  Bd.  Hi,  p^  ^^ 

•  [ChitjH^ii  if  imrriwl  of  M*>fitid  Dleeit^c**,  vol.  iL] 
'*  ('r^nipUs-i  RfTjdits,  18HU  torn    Up.  0«a 

I*  Birr.  d.  k.  Saiih*.  Gusell  der  Whs.,  Fwb.  1866, 
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tn  whirh  the  term  '*  Phyj?ioIogical  tiine*'  signifies  tlie  period  occupied  in  the 
ptrceptiott  of  tLe  imprecision,  aiid  in  the  origination  of  the  motor  impulse  and 
execution  of  the  muscular  luovement  by  which  the  time  was  registered* 

Thus?  it  will  be  observed  that  the  perception  and  registration  of  an  unex- 
pected Appearance  (spark)  occupies  much  more  time  than  the  perception  of 
a  skmly-awaited  one  (transit  observation),  atid  one'tbird  more  than  even 
thf?  perceptian  of  a  Kound ;  but  the  mean  varlaUou  in  the  latter  case  is  con* 
fiidcrably  greater.  The  value  of  s*uch  experiments  in  affording  information 
reepectitig  the  rapidity  of  con d notion  of  setisory  ner\^es  ij^,  however,  but 
small;  since  the  total  or  physiological  time  occupied  include.^:  1.  The  time 
required  for  the  reception  oF  the  senmtion  at  the  iategmneut.  2.  The  time 
recjuircd  for  It^s  transmk^ion  through  the  sensory  nerve.  Z,  The  conversion 
of  the  sensory  impulse  into  a  motor  impnl^,  4.  The  transmission  of  this 
impulse  through  the  motc»r  nerve,  and  lastly,  the  execution  of  the  muscular 
contraction,  each  of  which  eveut^  may  oceupy  a  variable  time. 

472.  Ekdncifl  Phenomena  in  Xen^e  and  jlfmck. — ^The  electrical  phenom- 
ena presented  by  the  nerves  and  muscles  are  iu  many  respects  so  similar 
that  it  will  prevent  repetition  if  they  are  here  considered  togetherJ  When 
a  small  piece  of  a  nerve-trnnk  or  a  eylindrical  or  fusiform  muiicle  is  cut  out 
from  the  recently  killed  body,  and  is  so  ]>Iaced  upon  the  electrodes  of  a 
Galvanometer  tliat  it  touches*  one  of  them 
with  it.'*  surface  for  natural  Imit/ltudlnai  sec* 
lioa),  and  the  other  with  its  cut  extremity 
(or  artificial  tratm^et:^*?  section),  a  considera- 
ble deflection  of  the  index  is  prodneed,  the 
direction  of  which  always  indicates  the  pas- 
sage of  a  current  from  the  inleri*>r  to  the 
exterior  of  the  nerve-trunk,  or  from  the  bm* 
gUudinal  sectinn  tlirough  the  galvanometer 
wire  and  gal'va  no  meter  to  the  transverse 
seetiou.  This  is  ,^hown  diagraniniaticiilly  in 
Fig.  195.  It  is  indifferent  in  regard  to  the 
direction  of  the  enrreut,  whether  the  central 
or  the  peripheral  cut  extremity  be  applied 
to  the  electrode;  and  in  fact  the  most  power- 
ful effect  is  obtained  by  doubling  the  nerve 
in  the  middle,  and  applying  both  transverse 
sectiops  to  one  electrode,  whilst  the  loop  is 
applies]  to  the  other.  On  the  other  hanti,  if 
the  two  cut  extremities  beapjdied  to  the  two 
electrodej*  respectively,  no  decided  effect  is 

{>ro<inred  ;  and  the  same  neutrality  exists 
Jet  ween  any  two  points  of  the  surface  of  the  trunk,  equidistant  from  the 
middle  of  its  length  oreipmtor  (a  b.  Fig.  195);  but  if  the  points  be  not  equi- 
distant, then  a  deflection  is  produced,  indicating  that  the  parts  nearer  the 
middle  are  positive  to  thosii  nearer  the  extremities.  It  has  not  been  found 
po^ible,  owing  to  the  small  si^e  of  the  nerve-trunks  experimented  on,  to  test 
1Q  a  similar  manner  the  relative  state  of  different  points  of  their  transverse 
section  ;  hut  there  can  he  Httle  doubt,  from  the  complete  conformity  which 
exists  in  other  r^pect^i  between  the  nervous  and  muscular  currents/that  the 


ziy 


Till*  flguro  is  latvnded  ta  sliow  th"  di. 
TP^Uon  uf  tha  eurretito  In  ii  ectliirnnar 
portL<}n  of  iienr<*  or  muscle,  i,^  l-mfft- 
tudthAl  i««clLt>n :  Q,  transTerflp  fteuUtiEi 
a  b,  Ihi?  4-qi,ia(ar.  The  bar^wf]  Uiiua  ia- 
dkpri^  tUedlrcrUou.and  tlu'trthiekiK's* 
Itie  force  of  the  curronl*  ntabltabed, 
wherv  tliB  elect  rndttj  of  m  ftiTHnomrior 
MTf*  uppU*^  (o  the  eorKftfxtfiditttr  tu^ 
tbQvn.  Tile  dotted  tlaei  nhav  iDoper*^ 
tWe  arrutigt^tucuts 


>  The  principal  wortcs  to  ho.  v*m>\\\U'd  ^^n  ihh  Mibjecl  nr^  Du  Boift-Reymand,  Un* 
ti*Tsudiung**n  li^fir  ttii»»rj*cbp  Eli*c  tiioittit,  in  which  n  complete  list  of  rII  pri'vioun 
w* ' rkj«  b  CO n  In i  n M  ;  W  o n (I  t,  U  n tp r-^^i c h  u  n  gpn  ?.a r  nwv h  «  n  i  k  d c*f  Ne r  v eti  ii  n  d  N** r  v en 
centr(*a,  1S71  j  Monk,  Hcrm»nn,  PflOi;**r,  iind  otttcr*,  in  PflOiror^a  Arcbiv  f  gesntnmU) 
Fb^iiolug,,  1868-1875;  Onimu^,  ArehiFe*  de  Fhyfiiologie,  1874* 
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aame  law  will  lie  foijud  tn  prevail  m  the  former  a*  iti  the  tatter  rmne,  n 
that  the  point.^  nearer  the  surfkc^e  are  pc>sitive  t^  tho.^  uearer  i\m 
There  h  no  ditference  het^veen  the  motor  and  the  weusory  tit*rv<*5  in 
to  the  direct  ion  of  this  current,  the  exbfence  of  whit'U  hns  berti  [inn*! 
M.  Du  Bois-Reymonil,  not  only  by  the  gakanometar,  hut  also  hr  ibi*  < 
ment  of  eon  tract  bris  ia  the  limb  of  the  ]|alvan05iC0pic  frog.— The  **  u( 
current/'  like  the  muscular,  must  be  con.'^idered  as  aeHvf*d  fmin  the 
motive  action  of  the  molecule;*  of  the  nerve ;  aud  it  i^eems  quite  uwrji 
able,  that  every  integml  particle  of  the  nervous  j?uhstance  mu^t  b«»  a 
of  electro- motor  action^  and  must  contain  within  it*elf  pi^itive  and 
element^j  and  the  varidtlons  both  of  intensity  and  directitju  in  lb© 
current,  under  certain  circumstances^  are  fo  sudden  and  so  ex^ 
appears  impossible  to  aec^junt  ihr  them  by  any  eban^'e  of  la 
neous  el  em  en  tv^,  or  in  any  other  way  thau  by  assuming  cor  res  p 
of  position  in  almost  infinitely  small  centres  of  action.     It  is  jk 
form  is  assigned  to  these  electro-motive  molecules;  hut  it  woulW  -4-t 
they  must  have  two  negative  polar  zones,  and  a  positive  eqiiaiorbif  ? 
cond)ina(ion  of  such  element^  being  able  to  pr*jducc  all  the  elertnm]  rWM 
of  a  nerve  in  a  state  of  rest.     It  seemj  altogether  Itest  tu  suit  the  ph^;ni 
to  suppose  that  each  of  these  peripolar  molecules  is  formed  by  the  col 
tion  of  two  dipolar  molecules,  touehiug  each  other  by  their  pij^ittvc  j 
as  io  the  subjoined  table,  which  represents  a  baud  of  four  *erie«,  A,  K,  c; 
each  scries  containing  four  dtpohir  molecules; 

1  {  2 

-+4—     '    — +-*  — 

-++-    I    — ++— 

-^4 —        — +  +  — 

The  relative  po.*ition  of  tha-je  set^  of  molecules  may,  however,  und^  etrtiiii| 
alrcumstttuee^,  be  changed;  and  the  very  remarkahle  mndtfiriiiion  fit \^ 
**nE?rvotis  current,'*  whidi   has  been   shown    by   M,   du  B(iW-Kv"jm'-«nd  l^^ 
follow  severe  injuries  of  the  nerve  by  mt^'chanlciil,  chemical,  or  tbemiAl  | 
agennes,  appears  Ut  be  attril>u table  to  such  an  alteration.     If,  for  iij^tanoet 
a  piece  of  not  metal  be  brought  near  to  the  nerve  without  lourhim:  it,  ih 
nervoa*  current  will  he  seen  to  diminish  rapidly,  and  to  have  it.*   ' 
reversed,  dnring  which  ihft  property  possessed  by  the  iicrv**  of  « 
irrltallim  to  the  muscle,  tliough  somewhat  impaired,  will  not  hv  «l 
and  if,  whilst  in  this  abnormal  slate  the  nerve  hs  divided,  ^vcry  t 
iectlon  is  found  neutral  or  positi%^e  to  the  longitudinal  section,  In* it^iiAl^'i 
negative.     If  the  nervetnink  be  then  placed  between  muscles,  so  w  Id  i^ 
cover  its  natural  moisture,  it  will  at  the  same  time  reco%'er  its  u^ual  *4 
motive  powLT,     The  same  phenomenon  \a  often  eKhibEred  to  wiuttr.  w 
the  frog^  serving  for  experiment  have  been  exp+^sed  to  cold.     Tbr  m  i  >    ' 
nerve  is  then  said  to  present  a  "  pareleetronomie"  behavior,  and  Lhi  Ih^^ 
Reyraoud  explains  it  by  assuming  that  in  the  case  of  mur^de  there  i*  a  l*;!'^'] 
of  muscle  in  contact  wirh  the  tendon  which  sets  electn>motorially  in  an  of* 
polite  direction,  an<l  this  etjualH,  or  even  over-compensates,  the  nuritial  *1l^ 
rent.     To  represent  this  parelectrouomic  layer,  it  is  only  re/jotvirc  la     ^ 
away  the  ultimate  mole<Mde  of  the  dlpdar  moleeiile,  when  the  ImI  otie  wiU 
turn  it-3  positive  side  to  the  surface.     According  to  M,  Du  Bois- Ut.*Tnw©4 
the  cnrrmt  shown  by  the  entire  nerve,  when  made  to  form  part  of  a*dit««» 
IS  only  a  derived  current  prodaceti  by  incomparably  more  inteci«ie  ct»m<it»  | 
eirculiitiug  in  the  interior  of  the  nerve  around  these  ultimate  panirlcjs  vtij* . 
ifig  greatly  in  intensity  according  to  the  mode  in  which  iheae  pftfticlt^  IM| 
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trrangecl ;  but,  generally  speaking,  increasing  both  with  the  length  and  with 
the  thickness  of  the  nerve.  Ranke^  has  also  shown  that  the  lactic  acid  gen- 
erated in  nerve  and  muscle  consequent  upon  the  active  discharge  of  function, 
■offices  to  abolish  and  even  reverse  the  ordinary  nerve  current,  which  is 
■gain  restored  when  the  acid  is  neutralized  by  an  alkali.  In  the  nerves  the 
axis-cylinder,  and  in  muscle  the  intermediate  substance  is  the  seat  of  the 
moet  active  chemical  changes,  and  becomes  acid ;  the  doubly  refracting 
muscle  substance,  and  the  doubly  refracting  substance  of  Schwann  remain 
alkaline.  Ranke  holds  that  at  the  point  where  a  stimulus  is  applied  to  a 
serve,  an  increased  metamorphosis  takes  place,  accompanied  by  the  forma- 
tioa  of  lactic  acid,  which  causes  regular  variation  of  the  muscle  current,  and 
a  state  of  increased  irritability  in  the  nerves.  Hermann  is  at  issue  with  Du 
Bois-Reymond  on  several  points.  He  contends*  that  in  perfectly  uninjured 
aDimals  the  muscles,  when  at  rest,  arc  absolutely  destitute  of  any  current, 
and  that  all  currents  that  can  be  made  manifest  are  due  to  injury  inflicted 
on  the  tissue,  leading  to  its  more  rapid  oxidation  at  the  point  injured,  fol- 
lowed by  death.  This  part  then  becomes  negative  to  the  remainder  of  the 
nerve.  This  view  has  been  sharply  criticized  by  E.  Du  Bois-Reymond  and 
Muuk.  We  have  now  to  follow  M.  Du  Bois-Rt^mond  through  his  investi- 
gations on  the  change  in  the  condition  of  the  "  nervous  current,"  whilst  the 
nerve  is  in  a  state  of  functional  activity,  whether  motor  or  sensory. 

473.  Eiedrotonus  of  Du  Boia-Iieymond, — Electron  us  is  the  alteration  pro- 
duced in  the  electromotor  condition  of  the  whole  of  the  nerve  by  the  passage  of 
a  constant  current  from  a  battery  through  part  of  it.  If  a  portion  of  nerve- 
trunk  be  s<^  placed  (Fig.  19G),  that  it  touches  one  of  the  electrodes  by  its 

Fig.  197. 


^#"   "# 


transverse  section  (which  may  be  designated  t),  and  the  other  by  its  surface 
or  longitudinal  section  (l\  and  a  portion  of  its  continuation  be  included  in 
a  galvanic  circuit,  so  that  a  current  shall  pass  in  the  direction  z — p,  which 
is  the  &ame  in  its  direction  as  that  between  t — l,  then  the  intensity  of  the 
"nervous  current"  t — l,  as  indicated  by  the  deflection  of  the  needle  of  the 
galvanometer,  will  be  found  to  undergo  an  increase;  whilst  on  the  other 
hand,  if  the  electric  current  be  passed  in  a  contrary  direction  v — z,  the  in- 
tensity of  the  "nervous  current"  t — l  will  decrease. — The  portion  z — p  of 
the.  nerve,  which  is  included  in  the  electric  circuit,  is  termed  the  excited  por- 
tion, and  the  current  passed  through  it  is  the  exciting  current;  on  the  other 
hand,  the  portion  t — L  included  between  the  electrodes  of  the  galvanometer 

1  Physiologic,  1872,  p.  6G7.  »  Ibid.,  1874,  p.  249. 
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ie  the  drrived  portion i  and  the'  alterecl  cr)ti<lilhni  of  thb  i 

duced  by  the  extmneuus  mirrent  abi^  eurretit  bavmti:  br- 

proved  by  M.  Du  Boi^Rt^vmond  tu  exert  no  intliieuce  of  m  ^^v 

vauometcT),  b  termed  tbe  ekctrotctme  date  of  the  nerve.     Wbt^n 

of  the  "nervous  eurreut**  b  inereii?ied,  the  nerve  is  Ji^aid  to  be  in  tJ 

phase  of  tlm  eleetrotooie  state;  and  when  it  bdinjiniihed,  the  p»-r'. 

ne^uiive  phme  of  that  ^ate. — By  a  proper  arraugetiient,  tbe  - 

current  may  be  made  to  produce  the  positive  pbiisie  in  om^  i*ir 

trunk,  And  the  negative  phase  iu  another,     Thuj?  if  the  two  e.x 

nerve  fFig.  107,;^  and  c)  be  so  connected  with  two  gnlvnnonM 

shall  devehijp  the  *rnervon^  current/'  and  an  internjcdiate  p»n 

by  the  traii^-inL^iou  uf  an  electric  current  in  the  direction  x^r.  u  i  [  irro'a 

current  in  the  ** derived**  portion  c  will  be  increased  in  inf^n,'*itv,  whiU  tlot 

in  the  portion /J  will  be  diminished.     Hence  it  may  Iw  i^  rhmt  vbci 

any  portion  of  the  length  of  a  nerve  h  traver^d  by  nn  ^  — rf*?it,  h^► 

sidcii  the  iiaual  electro-njotive  action  of  the  nerve,  n  ' 

tion  takes  place  in  every  jwint  of  the  nerve^  by  a  pol.i 

motive  elements^  which  action  ha.*^  the  game  direction  a«  the  e\ 

itM'lf:  and  a  current  is  thns  produced  in  the  *' derive  I"  pnri  n 

added  to  the  original  **  nervous  eurrent  *'  at  that  end  of  the  nerve  at  whicbtJii 

direct  ii!n  of  this  new  current  and  of  the  nervous  current  coincide  >  ^' '  ^"-^  i-  *iil»" 

traded  at  that  end  at  which  the  directions  are  different  i pK 

of  the  electrotonic  condition  is  found  to  be  materially  af fee t*rii   . 

tance  at  which  the  nerve  is  examioeil  from  the  point  where  th*^ 

current 'Vis  applied,  being  always  much  greater  near  that  point  tuivri.'ua 

considerable   distance    from    it      It   i&  also  powerfully    intluencod    by  tW 

Btreugth  of  the  exciting  current,  and  by  the  length  of  the  pt^rtion 

through  which  that  current  passes,  increasing  in  inteuKity  with  Hir. 

rent^,  and  diminishing  in  proportion  to  the  length  of  nerve  the  cmnut  lui 

to  traverse.     These  variations  in  the  intensity  of  the  **uervou*<  curr»fnt^  nK»- 

tinne  as  long  as  the  *' exciting  current"  la*(Ls,  and  soon  eea.He  wlic*u  tLt 

cult  of  that  current  is  broken;  a  i^light  enfeeblement  of  the  nivnnrii   u 

current  being  apparent  for  some  time  after  both  phases  of  eh 

is  to  the  induction  of  the  electrotonic  Mate  in  tbe  nerve  nup; 

the  eon  tract  ion  of  a  muscle  is  due,  whicli  ensues  on  the  e(*iti 

circuit;  and  to  the  et^si^ation  of  this  state,  that  the  muscular  ^    ; ,.  - 

due  which  is  consequent  upon  the  interruption  of  the  cin^uit.     Hent^  tbe 
electn»tonic  changes  in  the  coudit  Um  of  nerves  may  be  observed  mh''    •*  '"- 
viouily  dividing  them, — When,  on  the  other  hand,  a  nerve  in**t' 
by  passing  an  interrupted  and  aiternating  current  tfiroiigh  a  pnriiori  m*  iu 
the  etiect  is,  as  in  the  case  of  muscle,  to  produce  a  dhnintttifm  m  lii  o«i 

§  roper  current;  the  nealles  of  both  galvan-imetej-s,  in  tiie  arr.j 
e&cribed,  being  deflected  to  tbe  negative  side,  instead  of  one  . 
zero  and  the  other  having  its  po.sltJve  deflection  increased,  as 
the  "excited   portion*'  is  subjected  to  a  continuous  and   lun 
The  same  negative  variation  of  the  nervous  current  has  I 
by  M.  I>n  Bots^Eeymond  in  nervas  teUattized  by  other  ui- 
of  strychnia.     And  the  |jhenotucna  boib  of  the  "electroumic  sttat 
the  'Vnegatjve  variation,'^  are  precisely  the  mme,  whether  mat^^r  •  [ 
Jiervea  be  subjected  to  the  experiment;  thus  making  it  appciir  that 
force  may  be  traasimittcd  iu  either  direct  ion  along  each  of  ihta 
serves. 

474.  EMmtomis  of  Pfint/er. — Pfliiger  ha^  investigated  witli  n—  *-  —tl- 
changes  that  occur  in  the  excitability  of  a  nerve  in  a  state  of 
or,  iu  other  words,  through  a  portion  of  which  an  electric4il  currciii 
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Under  such  circumstances  the  nerve  may  be  considered  to  be  divided  into  two 
parts,  an  intrapolar  and  an  extrapolar  portion,  the  latter  being  again  sub- 
divided into  that  portion  situated  nearer  the  nervous  centres  than  the  current, 
or  centra],  and  that  situated  between  the  current  and  the  muscle,  or  distal, 
of  the  current,  the  latter  being  sometimes  also  called  the  myopolar  portion. 
As  the  positive  pole  of  an  electrical  current  is  termed  the  anode,  and  the 
negative  the  cathode,  Pfliigor  has  applied  the  terms  anelectrotonus  and 
cathelectrotonus  to  distinguish  those  conditions  established  in  the  portions 
of  nerve  in  the  immediate  vicinity  of  the  poles  of  a  constant  battery.  He 
has  shown  that  the  intrapolar  portion  of  nerve  is  divi<lcd  into  two  zones 
(Fie.  198) ;  in  one  of  these,  situated  at  and  near  the  Positive  pole,  the  ex- 
citability, of  the  nerve  is  diminished,  whilst  in  the  other,  situated  at  and  near 
the  Negative  pole,  the  excitability  is  increased.  The  extent  of  the  portion 
of  nerve  in  which  the  excitability  is  lowered,  the  jwsitive  or  anelectrotouic 
lone,  b  small  in  proportion  to  the  weakness  of  the  current ;  whilst  the  nega- 
tive or  cath electronic  zone,  in  which  the  excitability  is  exalted,  is  corre- 
spondingly large;  so  that,  with  very  weak  currents,  nearly  the  whole  of  the 
intrapolar  portion  of  the  nerve  is  in  a  state  of  exalted  excitability,  whilst 
with  strong  currents  the  intrai)olar  portion  of  the  nerve  is  almost  wholly 
in  a  state  of  depressed  excitability.  The  same  conditions  of  exalted  or  de- 
pressed excitability  also  extend  for  a  considerable  distance  beyond  the  poles — 
1. «.,  io  the  extrapolar  portions  of  the  nerves  in  both  directions.  The  mode 
of  determining  the  variations  in  the  excitability  of  the  nerve  at  the  two  jwles 
may  be  understood  with  the  aid  of  the  diagram  (Fig.  198;.    In  Fig.  199,  c  c 

Fio.  198. 


A,  the  PmitiTe,  b.  the  Xi'fi;atiTo  Polo  uf  a  consiaui  curn.-nt  applied  to  a  iicrve.  a,  b,  c,  a  curve,  showing 
Ihe  elTocU  of  a  weak  current ;  rf.  <•,  /,  of  a  stronger  current ;  g.  A,  /,  of  a  very  strong  current.  The  p<>r- 
tfon  of  lb«  cur^'e  below  the  line  !thow8  the  degree  and  extent  of  the  drpresaion,  the  part  above  of  the 
czaltatiuu  of  the  excitability  of  the  nerve. 

represents  the  poles  of  the  constant  or  polarizing  currents  by  means  of  which 
the  state  of  electrotonus  is  established,  and  u  k  those  of  the  exctiting  current, 
or  that  by  means  of  which  the  excitability  of  the  norve  is  te!*ted :  the  latter 
may  be  replaced  by  a  mechanical  stimulus  or  by  a  chemical  stimulus.  Eck- 
hard  employe<l  a  solution  of  common  salt.  Before  throwing  the  nerve  into 
an  electrotonic  state  by  the  application  of  the  poles  of  the  constant  current, 
a  few  trials  are  made  to  ascertain  what  is  the  weakest  stimulus  which,  when 
apjilied  at  d,  will  produce  contraction  in  the  muscle.  When  this  is  known, 
the  constant  current  is  applied,  and  it  will  then  be  found  that  if  the  direc- 
tion of  this  be  as  in  Fig.  199,  cither  a  much  weaker  stimulus  applied  at  (/ 
will  produce  contracticm  in  the  muscle,  or  the  same  f^timulus  will  produce  a 
much  more  vigorous  contraction,  in  either  case  showing  that  the  excitability 
of  the  nerve  has  been  increased.  This  is  expressed  by  the  curve  h^  e^  g.  If 
an  electrical  stimulus  is  employed,  the  current  should  be  passed  in  the  direc- 
tion indicated,  as  in  that  case  it  would  tend  to  reduce  the  influence  of  the 
cathode  of  c  c,  and  by  so  much  render  the  results  obtained  more  striking.    This 
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constitutes  Pfliiger's  extrapolar  centripetal  cathelectrotonus.  By  a  uai 
mode  of  proceeding,  the  excitability  of  the  nerve  behind  the  aseenifiiiga 
rent,  or  in  the  myopolar  portion,  which  is  under  the  influence  of  the  porili 

Fio.  199. 


V  N,  represeots  a  nerve ;  m,  a  muscle ;  c  c,  the  positive  and  negative  poles  of  a  consunt  curmL 
extrapolar  portion  of  nerve,  d,  point  to  which  a  stimulus,  here  represented  by  r  r.  the  porithtt 
negative  pules  of  an  interrupted  current,  but  which  may  be  replaced  by  a  mechanical  or  chndol 
citant,  is  applied,  h,  e,  indicates  the  line  of  normal  excitability,  supposed  for  the  sake  of  sboipUdQ 
be  equal  throughout  the  whole  length  of  the  nerve,  though  in  reality  it  i.«t  greater,  and  sbooM  tkCNl 
ascend  towards  b.  b,  e,  g,  indicates  the  curve  of  augmented  excitability  In  the  extrapolar  poctlil 
nerve,  the  amount  of  iucrease  being  greatest  at  the  cathode— as  at  ^,  less  marked  at  e,  and  ftlUvf  li 
ordinary  amount  at  b. 

pole  of  the  constant  current,  c  c,  can,  as  by  the  curve  /,  e,  c,  in  Fig.  200^1 
shown  to  be  remarkably  diminished.     This  constitutes  Pfluger's  extnpoii 

Fio.  200. 


Centrifugal  Extrapolar  Anelectrotonus.  The  references  are  the  same  as  in  the  last  flgoreeiwf**' 
af  n-presents  the  iutrnpf)lar  jwrtion  of  the  nerve,  and  that  the  curve  of  diminished  exdtiWB^f ' 
represented  by  /,  e,  c;  the  lowest  degree  being  at  the  anode,  /,  and  the  nerve  gradaally  reeowrfil* 
normal  excitability  towards  c. 

centrifugal  anelectrotonus.     The  curve,  g,  e,  c,  in  Fig.  201,  shows  theTinir 
tiou  in  the  excitability  in  the  myopolar  portion  of  the  nerve,  when  theNy 

Fio.  201. 
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Extrapolar  Centrifugal  Cathelectrotonus.    The  increase  in  the  excitability  of  the  nerte  ii  ik^^ 
the  curve,  g,  e,  c,  to  be  greatest  in  the  vicinity  of  the  cathode  of  the  polmiiaiBf  alrml^CiC• 
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th^e  pole  h  next  the  muscle.  Lastly^  Fig*  202  shows  the  ooiiditinn  of  exclta- 
biHty  in  I  he  nerve  in  centripetal  extrarwlar  anek^eti'ptony,^,  Pfl  tiger  found 
that  in  all  the^e  cases  the  strength  of  the  |x»lanzing;  current  wa.^  of  great  im- 
portance, and  that  within  certain  limit.^  the  inr^rejii^e  of  exciiabiHty  near  the 
cathode,  and  the  dccrea&e  uimr  the  anode,  augmente^l  ;  but  that,  If  these 


Fio» 
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limits  he  pas&e*J,  and  currenUi  of  much  greater  strength  than  n&ual  were 
emplnjeil,  the  pheurmiena  were  less  marked »  and  at  len^^th  failed  altoc^ether 
to  oecur.  From  au  examination  of  the  curved  lines  in  the  preceding  figures, 
it  will  also  he  e*ecn  that  the  excitability  of  the  nerve  varies  with  the  dietance 
of  the  part  examined  from  the  electrode,  the  increase  or  diminution  being 
always  greatest  at  the  cathode  and  anode  respectively,  whilst  the  effect  di- 
minishes as  the^i*  are  receded  from*  There  is  one  other  circumstance  that 
afleet^  the  excitability  of  the  nerve,  namely,  the  length  of  tlie  intrapoiar  por- 
tion ;  and  it  would  appt^ar  the  longer  thia  is,  the  greater  is  the  extent  and  de- 
gree of  the  excitability  of  the  nerve  around  the  cathode.  As  regards  time, 
the  atnte  of  increase*!  excitability  always  attains  its  full  intensity  with  great 
rapidity*  Thus  much  for  the  variations  of  excitability  in  a  nerve  rendered 
eleetrolouie, 

475,  The  increase  of  electro-motive  power  that  occurs  in  the  vicinity  of 
the  positive  pole,  and  the  depression  in  that  of  the  negative,  ha^  already 
been  noticed,  Auother  alteration  effected  in  the  nerve  by  the  induction  of 
the  electrotonic  state,  is  a  variation  in  the  velocity  with  %vhieh  it  will  con* 
duct  impref*sioui!i;  this,  accoixliug  to  V*  Bezold,  being  invariably  diminished^ 
JJt.  Rutherford  J  however,*  finds  that  if  currents  of  medium  strength  instead 
of  the  strong  one.«^  employed  by  V,  Bezold  be  u>ed,  the  negative  pole  quickens 
the  rate  at  which  the  nervous  iufluence  is  trauiimitted,  wl»iUt  the  positive 
pole  retanli  it.  As  the  general  re^?ult  of  these  researches,  it  appear?^  then 
that  the  condidona  present  in  a  nerve,  through  a  pi>rtion  of  which  a  closed 
continuous  current  i^  pacing,  and  which  is,  l^herefore,  in  a  state  of  electro- 
tonus,  are  such  that  at  the  anode  or  ptmtive  pole  of  the  current  there  is  au 
exaltation  of  the  intensity  of  the  ordinary  nerve-current  (positive  phase), 
and  depression  of  the  excitability  (anelectrotonus),  and  of  the  conductivity 
or  velocity  of  transmission  of  impressions.  On  the  contrary,  at  the  mthode 
there  is  constantly  a  depression  of  the  intensity  of  the  ordinary  nerve-current 
(negative  phase),  and  coincident  exaltation  of  the  excitahility  (cathelectro- 
tonus)  and  of  the  conductivity*' 

476,  From  the  foregoing  observations  it  will  be  intelligible  that  the  action 


*  Hainphfy  and  Turnor'a  Journal  of  Anat.  And  Phya.,  Tot.  if,  186^,  p.  9&. 

*  A  very  different  explHnation  of  the  phenomena  f>f  electrotona?*,  foundwtl  an  ch^sta- 
fcal  con*ider«tian«t  hi*s  b^nn  *tigtr(.jited  by  HermHiin  (see  his  UiitorsiU'hun£»en,  pub- 
\hhed  nt  Berlin  in  1807)  i  bui  hi^  view^  huvit  been  vii^uroagly  a^^nlled  in  nn  nble  puper 
by  Bu  Boiii-RL'ytnond,  in  the  Bericbte  der  Berlin  Akiidem.i  1867,  p,  ^\^7, 
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of  electrical  currents  applied  to  nerves  in  producing  muscular  contractun 
is  liable  to  many  variations,  and  that  numerous  circumstances  mast  be 
taken  into  consi({eration  before  an  explanation  can  be  given  of  any  partu- 
ular  phenomenon.  Thus  it  has  long  been  well  known  that  though  contre^ 
tion  of  a  muscle  usually  occurs  at  the  moment  of  opening  and  closing  t 
current  of  electricity  transmitted  through  its  motor  nerve,  yet  that  this  is 
not  constant,  the  contraction  failing  sometimes  at  the  moment  of  clf^sing 
and  sometimes  at  the  moment  of  opening  the  current.  The  singularity  of 
this  phenomenon  has  attracted  the  attention  of  many  observers ;  and  ihe 
names  of  Hitter  and  Nobili,  jNIutteuoci,  Du  Bois-Reymond,  Eckhard,  and 
Pfliigor  deserve  especial  mention  for  the  light  which  they  have  thrown  upon 
this  obscure  and  difficult  department  of  physiology.  From  their  observa- 
tions and  from  those  of  many  other  experimenters,  ii  is  now 
Fig.  203.  Fi«i.L'04.  asccrtaiucd  that  the  effects  produced  upon  the  muscle  are  de- 
pendent— first,  upon  the  direction  of  the  electrical  current 
passe<l  through  the  nerve,  whether  centrifugal — i.  f.,  from 
the  origin  to  the  periphery  of  tlie  nerve  ( Fig.  20.'5 ),  or  centrip- 
etal— /.  c,  from  the  periphery  towards  the  origin  (Fig.  204^; 
secondly,  upon  the  state  of  excitability  of  the  uerve:  and 
thirdly,  upon  the  strength  of  the  current.  Ritter  and  Nobili, 
in  whose  observations  the  strength  of  the  current  was  disre- 
ganled,  endeavored  to  show  that  a  definite  succession  of  re- 
sults followed  the  application  of  the  electrical  stimulus,  ac- 
cording to  the  direction  and  the  excitability  of  the  nerrt 
Ritter,  operating  on  Frogs,  the  excitability  of  whose  neirw 
departed  slowly  after  death  or  excision,  was  able  to  distinguish  six  stage?; 
whilst  Xobili.  operating  in  the  warmer  climate  of  Italy,  could  distiogui^ 
only  four.  The  following  tabular  arrangement  taken  from  Funke  will  «huw 
the  relations  of  the  contraction  of  the  muscle  to  the  degree  of  excitalnlitj 
remaining  in  the  nerve,  and  to  the  direction  of  the  current : 

RiTTKU   AND   NOIJIU'S    LaW    OF   CONTRACTION. 

C  indicates  closure  of  ihe  rnrrenf ;  O  in/lirofes  opening  of  the  current,  or  breaKtnii 

c(tnfact. 

(;r:uKM»f  c'xrit:ibility  of  .  ,.  ^        .        ,  iK-.Hcrn-lliii:  iir  »Vntrifai:i! 

till- iitTVt;.  ,         Arsoi.'n<liiiKorr.'iilriin.'talc'urn^ut.  curn-iit. 


T      Ri<f.^\  V  C,  Contraction, C,  Rest. 

;         1.  (i^iier;,  .  ..  qj^^.^j^ O,  Contraction. 

,y      p.  1  C,  Contraction, C,  SHixhl  Conirailion.  . 

IJ.   (KiltLT),  .  y  (>,  Slight  Contraction,.     .     .     .  O,  Contrnclion. 

(III.   (Rittor),  .  .  C,  Contraction, C,  Contraclion. 

.  \      1.   (Nol)ilii,  .  .  O,  C«)ntraction, O,  Contraction. 

!  r  T\'      T?;.*     .  r'    (  W«>ak  Contraction!  Kittcr),  )  ^    o  ...♦— ^•;.^„ 

il   n.  ^Kittcr),  .  .  C,'^  K,.t(,N,,),iii,,    .    \     .     J'l  C.  Contraction. 

(     II.   (Nobili),  .  .'  O,  Contraction, O,  Slight  Contraction.  ■ 

f     V.  n^ittcr^,  .  .  C,  H.-st, C,  Contraction. 

1(111.  (Nobili),  .  .  O,  (■ontracti«»n, O,  Rest. 

:  r  VI.   iKitt.r),  .  .  C,  U.'st, C,  Slight  contractioD 

\   IV.   (Nobili),  .  .1  O,  Kc>t, O,  Rest. 
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From  this  table  it  ia  apparent  that  in  the  hig^ha«t  grade  of  exdtubjlity  of 
the  nerve,  the  centripetal  cyrrcnt  induces  contraction  only  on  closure  of  the 
current,  none  occurring  on  opening  it.  Contraction  on  opening  the  current 
first  happens  in  the  second  i^tage — i.  e.,  when  the  excitabililj  of  the  nerve  is 
fomewbat  diminished,  and  then  only  weakly.  In  the  third  stage  of  excita- 
bility of  Kilter,  tlie  fifjit  of  Nobili,  the  vigor  of  the  opening  and  elur^ing 
cuutraHiou  U  abont  cquaL  In  the  fourth  grade,  the  closing  contraction  is 
weak,  the  open  lug  strong.  In  the  fifth  slage^  there  is  no  contraction  on 
closure,  but  it  occurs  on  opening  the  current;  whilst  in  the  sixth  and  lust 
stHge  no  rcjn traction  follows  either  the  closure  or  the  opening  of  the  curreEit. 
For  the  descending  or  centrifugal  current,  the  phenomena  present  themselves 
in  an  invert  order, — in  the  first  or  highesist  stage  of  excitability*  there  is 
contraction  only  on  opening  the  current — then  w^eak  contraction  on  closure, 
as  well  as  con  traction  on  opening — then  contraction  of  equal  strength  at 
both  j>eriods— then  contraction  at  both  periods,  though  weaker  on  ojjening 
the  eiirrent^ — then  contraction  only  on  closure;  and  finally,  in  which  respect 
it  differs  slightly  from  the  cfTeets  of  the  centri petal  curreut,  weak  contrac* 
tion  on  closure  of  the  current.  From  the  preceding  table,  the  statement 
of  Nobili,  who  only  experimented  during  the  last  four  stages  of  irritability , 
becomes  intelligible,  that  there  is  essentially  only  one  strong  contraction  for 
each  direction  of  the  current  j  an  opening  contraction  being  the  most  marked 
with  the  centripetal  current,  and  a  closing  contraction  with  the  centrifugal 
current, 

477*  Heidenhain^  and  Pfliiger,''  in  fi>Howing  up  this  train  of  research, 
now  showed  that  in  freshly-prepared  nerves,  whose  exdiabiiity  was  there- 
fore  of  the  hlffhfM  gvnde^  the  law  of  contraction  was  dependent  upon  the 
strength  of  the  current ;  and  the  phenomena  have  been  thus  formularized 
by  F(liiger: 


8tf«»fth  of  i?iirteiiL 

Direct  ton  Qf  current. 

OntrlpalaL 

OenirtruiAl. 

Witk, 

i 

C»  Contraction,   ,     ,     . 
0,  Re*t, 

C,  Ooairiietion, 
0,  Best. 

Moderate,,     .     .     , 

'l 

C|  Conlmctitjn,   -     ^     * 
O^  Con  true  tion,    .     .     . 

C,  Cootmciion. 
O,  Contraction. 

Slrongj 

{ 

0»  ContmctiQn,   .     ,     , 

C,  ConlrticUon. 

O,  Weak  Contracjtion. 

Thus  beginning  with  enrrenta  so  feeble  that  no  contraction  was  induced  cither 
on  mukujg  or  on  breaking  contact  in  vcr>'  excitable  nerves,  Pfltiger  ibund 
that  itii  paAsiug  a  slightly  stronger,  hut  still  weak  current,  in  a  ceutn|>etal 
direction,  contraction  first  occurred  on  closure,  but  none  on  opening.  With 
currents  tif  moiierate  strength,  contraction  occurs  both  on  closing  and  open- 
ing the  current ;  and  lastly,  if  the  current  exceeds  a  certain  strength,  no 
contraction  occurs  on  closing,  tliough  it  is  well  marked  on  opening  the  cur- 
rent. If  the  same  experinients  are  repeated  with  the  centrifugal  current, 
we  obtain  with  the  weakest  current  contraction  on  closure  alone  (exception- 
ally also  on  opening);  with  moderately  strong  currents,  contraction  both  on 


»  HHdimhaiii,  ia  Arpbiv  f.  Phy*.  Heilk.,  1^57,  p.  442. 

•  PHui^orj  Afchiv  f.  Pftih.  AniiL,  Bd,  ili  j  and  UnterBuchungen  iifeer  d.  Physiol- 
u^($  del  Electrotonuft,  Berlin,  1B50^ 
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opening  and  dosure;  and  with  strong  currents,  the  eloaiug  contraction  pre* 
|xniderfiiei*  witli  centrirugal  eurretit*?^  and  the  opening  contraction  with  ceu- 
tripetiiK  A^  rt^gurda  the  reactions  of  sen^^ory  nerves,  it  is  nmtntained  by 
Pfliiger  that  the  effects  produced  by  electrical  stinnjhition  are  dependent 
upon  the  force  of  the  current,  except  that^  m  tuight  be  expected  from  the 
direction  hi  wliirh  they  ordinarily  conduct  their  itn previous,  a  kind  of  in- 
verse relation  exij^ti*, 

478.  Tho?e  who  hold  with  Hermann  and  Oninius,  with  whotn  Rauke  is 
to  mrae  extent  in  acc^vrd,  that  many  of  the  electric  phenomena  presented 
by  nerve  and  muscle  are  dependent  upon  chemical  action,  extend  this  view 
to  the  explunutton  of  the  ditft-reiit  conditions  of  dectrotonus.  OaimiL*,*  for 
example,  refers  to  an  experiment  made  by  Matleucei,  which  con^sist^  ia 
covering  a  platinum  wire  a  yard  in  length  with  tow.  The  wire  k  dipped  ia 
salt, atid  arranged  as  in  the  ex|}enmetit  for  showing  electrotf>nics.  On  pars- 
ing a  current  of  electricity  through  a  given  portion  of  it,  a  strong  ch?ctro- 
tonic  condition  h  established,  even  at  a  distance  of  eighteen  inches  or  more^ 
It  would  hence  appar  that  the  elect rotonic  state  is  not  one  that  is  |}eeuliar 
to  the  nerves.'  They  further  offer  a  very  simple  explanation  of  the  anekc- 
trotonic  and  cathelectrotouic  zones  of  Pfliiger.  They  contend  that  the  pas- 
gage  of  an  electric  current  through  a  nerve  is  attended  by  an  electrolytic 
action  re^sulting  in  the  formation  of  acids  around  the  positive  pcde  and  of 
alkali  around  the  negative,  which  is  sufficient  to  explain  all  the  phenomena, 
since  acids  lower  whilst  alkalies  exalt  the  excitability  of  the  nerve*  PHu- 
ger,  from  the  results  of  his  experiments,  laid  down  the  following  law:  A 
certain  length  of  nerve  being  given,  this  is  excited  by  the  supervention  of 
cathelectrotonus  and  by  the  disappearance  of  anelectrotonus;  but  ii  is  not 
excited  by  the  disappearance  of  cathelectrotonus  nor  by  the  su[)er%Tntion  of 
ancleclrotonus.  This  law  has  been  slightly  modified  by  Cyon,  who  foram- 
lates  it  as  iollowa:  A  nerve  is  excited  when  its  molecules  pa^  iVoin  their 
ordinary  state  to  one  of  greater  mobility  (cathelectrotonus),  or  wlien  they 
pass  frtjm  a  state  of  less  -mobility  (anelectrotonus)  to  the  ordinary  state, 
riie  uervitft  do  not,  on  the  contrary,  experience  any  excitation,  either  when 
they  pass  from  their  ordinary  to  a  state  of  lests  mobility  (anelectrotonus)  or 
on  their  passage  from  a  state  of  greater  mobility  (cathelectrotonuj?)  to  their 
ordinary  slate.*  Ouimus  nm  in  tains  that  all  these  alternations  of  com  mot  iao 
which  have  received  m  much  attention  at  the  hands  of  numerous  observers 
are  explicable  by  remembering  two  well-established  facts — Fim,  that  the 
descending  or  direct  current  is  that  which  acts  most  energetically  on  motor 
nerves,  or,  in  other  word.%  the  de^scending  current  is  that  which  most  strongly 
calls  forth  muscular  contraction  ;  and  secondly,  that  every  current  when  ap- 
plied to  a  nerve  deterniineij  a  current  in  the  opposite  din^ction  at  the  mtv 
ment  of  it-s  cessation.  Thus  each  time  that  a  nerve  1*^  electrifietl  with  an 
ascending  current  a  def^ceudiug  current  is  developed  at  the  moment  of 
bn^aking  in  the  interior  of  the  nerve??,  and  contrariwise  at  the  moment  when 
a  descending  current  is  broken  atj  tiscending  current  h  formeil.  In  accord- 
ance with  this,  Ouimus  gives  the  subjoined  table,  ohtainai  by  eleetrifving 
nerves  without  the  diref*t  application  of  the  poles  to  the  nerve,  wlnelj  he 
contends  interferes  with  the  reijults,  since  it  causes  local  electro  lytic  action. 
It  will  be  seen  to  resemble  the  scheme  given  by  Nobili. 


»  Babin*^  Journal  d*^  J'AnfttoiDie,  1874. 

*  Rankc^  huwrevpr,  wtnte^  oxplicitty  thM  neither  moftt  eonduelori,  nor  the  rauK'W, 
nor  dPttd  iitrve^,  catbibit  the  phenDrncmi  *jf  L*Leetrotonus*     Phyaio!ogi9|  1872,  |i.  671. 

•  Cyon,  Princep$  d'El^-trothbmpie,  1673 j  p,  103. 
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. 

Descending  currcut. 

1.  Period,  1  OjHjning,  ,     . 

Contniction,    .     .     .     . 
Contruction,    .     .     .     . 

2-PerK>d.{CWe._;     • 

Contraction,    .     .     .     . 
Fetiblo  Contraction,.     . 

8- !*-<"•.  {S'S.:  : 

Contraction,    .     .     .     . 
0             .     .     .     . 

4    Period  /Closure,    .     . 
4.  Period,  1  Opening,  .     . 

Contraction,    .     .     .     . 
0             .     .     .     . 

6    Period  i  Closure,    .     . 

0             .     .     .     . 
0              .     .     .     . 

Aiicending  current. 


Contraction. 
Contraction. 


'     Feeble  Contraction. 
Contraction. 


I  o 

Contraction. 


O 

Feeble  Contraction. 


O 

Feeble  Contraction. 


Thus,  in  the  first  period,  the  excitability  of  the  nerve  being  undiminished, 
contraction  of  the  muscle  takes  place  as  soon  as  this  molecular  state  of  the 
nerve  undergoes  alteration,  which  occurs  both  at  the  moment  of  closure  and 
of  breaking  of  the  current ;  but  by  degrees,  as  the  excitability  of  the  nerve 
diminishes,  contraction  takes  place  only  on  the  closure  of  tfie  descending 
current,  and  on  the  opening  of  the  ascending  current.  But  the  breaking  of 
the  a.scending  current  is  e(|uivalent  to  the  formation  of  a  descending  cur- 
rent, that  is  to  say,  that  with  these  two  directions  the  muscle  only  contracts 
with  a  descending  current.  In  the  same  way,  at  the  moment  of  breaking  a 
descending  current  an  ascending  current  is  formed  which  remains  without 
action  on  the  muscles  like  the  ascending  current  of  the  battery.  At  the 
fourth  period  the  ascending  current  only  gives  the  contraction  of  opening 
when  the  current  has  been  applied  for  some  time,  for  then  the  (descending) 
polar  current  becomes  more  energetic.  At  the  fifth  period,  when  the  cur- 
rent of  the  battery  no  longer  gives  any  contraction,  this  may  still  be  some- 
times obtained  by  the  polar  current.  Thus  Onimus  maintains  that  by  tak- 
ing into  consideration  the  formation  of  a  polarizing  current,  and  the  greater 
action  of  the  descending  current,  all  the  phenomena  of  Pfliiger's  alternations 
admit  of  ready  explanation. 

The  subject  of  elcctrotonii!*,  b«>wever,  niii>t  not  bo  di>mis><*d  without  a  notice  of 
lhi>  work  which  Dr.  Rarlclitff  hns  recently  been  doini;  in  this  direction.*  I^r.  l*ad- 
cliffe  do<*!»  not  agree  with  I)u  Bois-Rcyniond,  in  thinkiiii;  that  the  oloctrotonic  move- 
ment;* of  the  needle  are  to  bo  nccounted  for  by  the  nerve-current  beini^  modified  by 
the  voltaic  current.  lie  questions  some  of  tiie  old  facts,  and  brinies  forward  several 
new  fnctH  ;  and  ho  ha-*  certain  explanations  to  offer  which,  to  say  the  lea^t,  arc  as 
timpip  a»  those  to  which  attention  has  lieen  alreufly  directed. 

(a)  He  calU  attention  in  the  first  place  to  certain  facts  which  make  it  difficult  to 
believe  that  the  electrotonic  movements  (»f  the  needle  have  to  do,  as  I)u  Hoi>-Uey- 
mond  supjKises,  with  chancjes  in  the  nerve-current,  produced  by  the  action  of  the 
elect rotoniziuji;  current  upon  the  nerve. 

One  ?uch  fact,  which  is  broui^ht  t«»  liirht  by  simply  Cfoini;  on  a  little  further  with 
the  ordinary  ex[K*riment.s  upon  fresh  n<»rve3,  is  this,  that  the  moveujrnts  in  question 
continue /or  a  bmg  time  aftr.r  f/ie  final  (Ihnppcnrn)ne  ttf  il>c  n^rvr-cnrrcnf. 

Another  fact  of  like  in»i»ort  is  this,  that  mov<*ment.s  of  the  needle  in  all  respects 
lik«  thoi»e  of  electrotonus,  are  to  be  observed,  not  only  when  there  is  no  nerve-current 
in  the  nerve  to  bo  modified,  but  even  wh(?n  the  nerve  itself  is  taktai  away,  and  an- 
other bud  conductor  used  in  its  stead.     If,  for  example,  a  piece  of  common  hempen 


*  Dynamics  of  Nerve  and  Muscle,  post  8vo. ;  Macmiilan  &  Co.,  1871 ;   Vital  Mo- 
tion a  Mode  of  Physical  Motion  ;  in  the  Pre&i». 
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Ptrinic.  m(»i.stonod  with  wator  or  ftnlivn,  be  mnde  to  take  the  place  of  th^  nerve,  th* 
neoflk*  move-,  ji«  it  move?  under  the  action  «)f  electrotonu«,  when  th*»  nervo  i*  ncuA 
upon,  a.s  it  moves  under  tho  acrtion  <»f  ancdectrotonus  if  the  anode  be  n»'\l  th-?  jiU 
vanonn'ter,  a.-  it  movp.s  under  the  action  of  cathelectrot<mu*  if  the  cathtxlv  be  in  tfii- 
po-iition.  And  so  also  if  cotton  thri*ad,  or  silk  thread,  or  h  thread-like  i^irin  of 
ijiitta-porcha,  similarly  moistone*!  with  watpr  or  saliva,  bo  Piib^titiited  f«»r  Ih-'  ^ii'-« 
of  common  hi»mpfn  stririiij,  the  movenn-nts  of  thi»  net»dle  b^lonijini;  Im  "b-j'tri':  *r.ui 
bj'inir  always  prmluced  if  only  the  vo.taic  conditions  for  producing  th'Mii  ar-*  j.r> 
vidi-d 

Here,  ton,  if?  the  plane  to  mention  another  fact,  which  U  really  compii'in-nrnry  m 
tho  fact-  which  have  b<»en  mentioned  ;  namely,  this,  that  el»»ctrotonic  ini»veij;.-rj:!'  -f 
the  ne«'dle  are  trnf  met  with  when  th»'  <?xperimnnt«  for  producing;  thnin  are  r-i  -^t-^i 
upon  a  piece  of  nn'tal  wire;  for  unh^ss  this  fact  be  taken  in  connection  with  the 
other",  it  is  vi'ry  ditlicult  to  say  wh}-  these  movements  should  be  present  in  Siimvctsec 
and  al)>«*nt  in  others, 

Sln»rt!y  before  these  facts  were  broujjht  to  liijht  by  the  independent  in.piiri—  -'f 
Dr  Kadelitfe,  Matteueci  had  also  discovered — First,  That  electrotonic  m  «v«tnt  uii  „f 
the  nrrdle  are  to  be  obtained,  not  only  from  livini;  nerve,  but  also  from  dead  nvrr.*. 
as  w<'ll  as  from  narrow  strips  taken  from  th«  substance  of  brain  or  bladd'T;  iirid, 
pecondly,  that  such  nit)venients  are  7ioi  t<»  be  obtained  if  the  body  oxperim«'nf''*d  en 
be  a  win'  of  amalijamated  zinc,  covered  with  cotton  or  linen  thread,  and  s«iak"i  iri  i 
s'aturati'd  solutit>n  of  sulphate  of  zinc  ;  and  thus,  with  lhi-»  strong  additioniil  evidvnM 
in  tlu'ir  favor,  the  tacts  under  consideration  cannot  well  be  calldl  in  rpnsTi««n. 

It  is  very  plain,  then,  that  the  electrotonic  movements  of  the  needle  hp-  n^l  !•»  Iw 
referred  to  modification  of  the  nerve-current  pri»duced  by  the  voltai«»  current.  Inii  it 
is  ni>t  ea-iy  to  ijet  beyond  this  neijative  conclusion.  Matteueci  refers  them  t"  j-iiar- 
iz.'ition,  thi'ir  absence  in  the  case  of  the  amalficamated  zinc  wire,  coaleil  with  lliPid 
&(»aked  in  saiurated  solution  of  sulphate  of  zinr-,  arisins:,  as  he  Ixdii-vrs,  t'r'»m  ihi-  f«oi 
that  such  wire  is  unpobirizable  ;  but  this  view  <loes  not  account  for  th»^  ab-»*i:..'''  o: 
the><'  movement>,  when  the  wire  employed  in  the  experiment  is  madi*  nf  c^fip'T.  or 
silver,  or  platinum,  without  anythint;  bein«r  don«»  to  it  to  prevent  polarizatii>n  I>r. 
Kiidelitt'e  has  another  way  of  acc«)untiniic  f»>r  the  presiMice  or  ub-enc<'  oX'  i\f  ni«»v»* 
ment-  in  que>ti«in  :  f«ir  the  presence,  by  ^upposini;  that  the  free  elet'trieiiy  wliirh  i- 
liberati'tl  ;it  tlir-  voltaic  pi>lo>  wIhmi  n«*rve  or  other  bad  conductor  i^  pla-i-d  Jj^tw-en 
them,  may  m»  overtlow  toward-  th(»  iralvanonieti-r,  and  into  the  coil,  a-*  in  ai-t  lip-n 
the  needU"  and  inak«'  it  move,  as  it  moves  in  an«*lectrotonu«.  if  this  fnn*  i'|i»i'triiiiy  he 
jM»-itive,  MS  in  lathelectrotonns,  if  m-i^ative  :  and  for  its  absence  whi-n  a  ir-^'J  »-r,- 
duclor  like  wire  is  placMMl  hetween  th«'  p(»les,  by  supposini^  that  in  thisca-f  tht-rr  i*n'« 
overll'iw  of  fr«"e  electricity  from  either  of  the  \>^Ao^  towards  the  ewlvan-jnii-tiT  «r.d 
into  the  (Kil,  for  ihi'  simplf  rea-on.  that  th«-  presmce  of  the  ujond  ntnductor  liiiw»*''n 
the  p«>le>  pn'vents  the  liberation  of  frt-e  electricity  at  the  poles;  and  in  ju-tiieali-Jn 
of  tlii>  view,  he  points  to  the  tad  that  similar  nii>vements  r>f  the  needle  uuxy  N'ikI'J" 
ally  hroiJirlil  abmif  by  pa-.-ini;  free  eh-ctricity  thrcuiijh  th»*  coil,  and  that  ilii*  f^* 
eleiiririty  i-  actually  present  when  electrotonic  movements  are  present,  and  abf*'nl 
in  the  fontrary  ra>es. 

M.»viMj»c'nt-  "f  the  needle  strictly  ct»rrespondin£j  with  the  electrotonic  inovemfnl* 
may  b"  eau-ed  hy  the  eirctricity  -ft  fr»*e  hy  iiii-ans  of  a  frictional  marhin".  it  ihl* 
electrieity  be  niadi-  to  pas-  throuixh  the  coil  of  the  i;alvanonniier  in  the  way  in  wliii-b 
it  is  -npjHi^j'd  ti»  pa--  in  electrotonu>.  tin*  movement  ai;reeini;  with  that  of  nTielirtr*- 
tonu-  whi-n  tin-  »-l«'ctririty  i<  jm-itive,  and  with  that  nf  cathelectrotonti-  wIuti  it  is 
n«'ijativf;  .'«nd  thus  tln-n'  is  no  intrin-ic  ifnpn)bability  in  the  notion  that  the  il-iir^- 
tonic  m««vi'fn<Mit-  <»f  the  n«MMlle  may  bi*  broujjht  about  by  tin*  action  of  fn-e ebvtrii ity. 

TIhti-  i-  ai.-n  viTV  condu-ivj' evidenci' to  show  that  the  two  eb»ciri«t4inic  ^•i:or^* 
are  a<-lually  cljaric.'d  a-  tln-y  ar*-  -uppor^i'd  t<»  b"  chariji'd  in  the  ca-e  wh-n*  tli»' ♦*i'^'" 
trotonic  m<»vi'nii'nt>  t»f  ih"-  ne«'dl«»  an*  pre.-ent,  the  aneiectrntonic  p'>*itivr]y,  anJ  th* 
catlieliM'tr«Hiiiiie  iM-i^ativi'ly,  and  th:it  tlnv-e  changes  are  absent  when  the  niovem^nls 

ar»'  ab-«Tit.     Tim-,  it  a  Nmii:  pii*( I"  iiitvi-  be  >tretcheil  out  upon  a  plate  of  pNmlfin. 

with  it-  midilli-  j»'»rti««n  lyini:  acn»—  tin*  p<de-.  of  a  voltaic  battery,  the  state  im  cl««*iT»5 
till*  cinuit.  a-  ma<b*  known  l»y  tourhini:  tin*  nerve  !i«*ri*  and  there  with  the  l'l^vt^■^i^ 
heliiniiiMLC  t«'  til''  in.-ulatfij  pair  uf  .piadrant"*  of  the  new  quadrant  elect rom«»li'r.  i*f«>uni 
to  lie  that  which  is  .-Imwn  in  the-  aeroinpanyins;  tiij:ur«'  (  Fii;.  205),  tlie  «T»*'bflri»t«*!i-f 
rcLfinM.  wliii'li  i-  li'ft  nn-hadffl,  liein*;  rhari^ed  po-itively  as  is  indicated  !»y  ihe«l"tt*J 
lin<' with  ill-*  •  siLi:ns  ov.-r  it;  ilh*  catln'N*ctrntonic  reirion.  which  is  slladwi.  he'o? 
cliari^i'd  n  'LrJitivi'ly.  a-  i^i  indicat^Ml  by  the  dotted  lin«'  with  the  —  si^n*  I'ver  it  i?  • 
>\:\U'  ,it"  chiri:!*.  tin-  i|.'irr<'«*  uf  wliirli  i>  i-pial  to  that  of  the  poh*  outside  the  jK»le,  luit 
n'lt  .-o  iri.-idi'  tin*  piilc;  fi.»r  in>idc  the  p<»le  it  falls  n'gularly  from  the  pole,  where  it  *• 
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At  its  height,  to  a  point  midway  between  the  poles,  where  the  two  clectrotonic  re- 
giuna  nieet,  and  where  the  charge  id  at  zero. 

FlQ.  205. 


And  as  in  this  case  so  in  that  in  which  a  galvanoscopic  frog  is  arranged  and  ex- 
•mined  in  the  same  manner  as  that  in  which  the  nerve  was  arranged  and  examined 
in  the  last  experiment,  for  (as  is  bhown  in  the  same  way  in  the  next  figure)  it  is 
found  that  the  two  corresponding  halves  of  the  frog  and*  of  the  nerve,  are  in  pre- 
ciftely  the  same  predicament  as  to  charge :  thus — 


t — 


On  the  other  hand,  if  a  wire  he  made  to  take  the  place  of  the  nerve  or  galvano- 
•oopic  frog,  all  these  evidences  of  charge  arc  wanting,  unless  it  be  that  there  is  some 
Impediment  to  the  free  passage  of  the  current  between  the  poles,  from  insufBcient 
contact  with  the  poles,  from  want  of  conductive  capacity  in  the  wire,  or  from  some 
other  cauftc. 

These  then  are  the  facts.  Movements  of  the  needle,  like  those  belonging  to  elec- 
trotonus,  are  caused  by  the  pa58aa:e  of  free  Franklinic  electricity  throucjh  the  coil. 
There  is  an  outdow  of  free  electricity  from  the  voltaic  poles  in  the  case  where  electro- 
tonic  movements  of  the  needle  are  present.  There  is  no  such  outflow  when  these 
movements  are  absent.  And  so  it  may  bo  that  the  clectrotonic  movements  of  the 
needle  which  are  observed  when  the  electrodes  of  the  galvanometer  arc  placed  any- 
where (not  on  the  nerve  merely)  in  the  course  of  this  outflow,  are  nothing  more  than 
the  natural  consequences  of  the  pHS«age  of  free  electricity  into  the  coil  from  the  vol- 
taic pole  which  happens  to  be  nearest  to  it ;  the  free  electricity  parsing  through  the 
ooil  from  one  electrode  of  the  galvanometer  to  the  other  (from  that  which  is  nearest 
to  the  voltaic  pole  to  that  which  is  furthest  from  the  pole),  rather  than  directly  along 
the  nerve  from  one  electrode  to  the  other,  for  the  simple  reason  that  it  meets  with 
lesa  resistance  in  the  coil  than  in  the  nerve.  It  cannot  well  be  otherwise,  for  it  is 
not  to  be  supposed  that  the  outflow  of  free  electricity  in  this  case  should  not  act  upon 
the  needle  in  the  very  same  way  as  that  in  which  the  outflow  of  free  electricity  from 
a  frictional  machine  has  been  seen  to  act. 

(6)  In  order  to  be  sure  as  to  the  facts  with  which  he  has  to  do  in  the  next  place. 
Dr.  Radcliffe  employs  two  methods  of  inquiry. 

The  first  method  is  that  which  is  carried  out  more  simply  than  the  second,  but  it 
ii  less  exhaustive.  In  it  a  galvan<»scopic  frog  is  arranged  upon  a  plate  of  paraffin 
with  its  two  limbs  stretched  out  in  opposite  directions,  and  with  the  two  exposed 
nerves  resting  at  their  middle,  as  in  tlie  la>t  figure,  upon  the  two  voltaic  poles,  and  . 
then  a  state  of  slight  tetanus  is  set  up  in  both  the  limbs  simultaneously  by  applying  a 
drop  of  strong  solution  of  salt  to  the  nerve  on  each  side  where  it  lies  beyond  the  pole, 
or  else  by  faradizing  with  verv  feuble  currents  at  the  same  spot.  Until  the  limbs 
are  slightly  tetanizc^d  the  voltaic  circuit  is  open,  and  there  is  consequently  no  electro- 
tonus;  when  the  limbs  are  slightly  tetanized,  the  voltaic  circuit  is  closed,  first  with 
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two  or  more  elements  included  in  it,  and  then  with  only  one  clement,  and  oWinv 
tonus  is  s»et  up  bv  so  dnini; — anolectrotonuss  in  the  limb  and  nerve  on  the  ont?  Mt, 
cutheloctrotonus  in  the  limb  and  nerve  on  the  other  side.  And  this:  is  what  hHppHM 
when  this  is  done.  If  there  are  two  or  more  voltaic  elements  in  the  circuit  ihi-  osub- 
lishinont  of  eleetrotonus,  bv  clo.«inu  the  circuit,  is  attended  bv  the  c«^s«uti(in  of  tetania 
in  both  limbs — in  the  limb  on  the  side  of  cathelectrotonu'*,  as  wnll  as  in  th**  limhun 
the  side  of  unelectrotcmus.  If  only  a  singjle  element  he  employed  in  scttinfe:  up  i»lec- 
trotonus  by  closing  the  circuit,  the  tetanus  is  suspended  in  the  limb  on  the  »ide  of 
anelectrotonus,  but  in  the  limb  on  the  side  of  cathelectrotonus,  instead  of  In^np  $a«- 
pended,  the  tetanus  is  sometimes  (not  always)  exa^i;crated.  These  are  th**  fictt. 
The  electrotonic  results  vary  in  this  manner  with  the  strength  of  the  elfM^trotunizio; 
current.  The  tetanus  is  suspended  alike  in  anelectrotonus  and  cathelcctrotonus  undfr 
the  action  of  the  slrontjer  curn^it^,  but  not  to  the  same  de-jree,  for  on  conipiirinctbe 
results  of  the  action  of  the  stronger  currents  with  those  of  th«  weaker,  the  ineritkble 
inference  is  that  the  contraction-antaironizinpj  power  of  the  weaker  ciirn'nls  i*  Ie?i 
marked  than  that  of  the  stronger.  And  this  is  all  that  is  to  bv*  learnt  from  thii 
method  of  inquiry,  except  this, — that  the  contractions  consequent  u|H>n  o|w»niiii;  ind 
closing  the  voltaic  circuit  continue  for  a  longer  time  on  thu  side  of  anelecirutonu 
than  on  that  of  catheU»ctrotoniw. 

The  second  method  of  inquiry  differs  from  the  first  in  the  substitution  of  a  couple ^if 
rheoscopic  limbs  (one  for  each  of  the  two  electrotonic  states)  for  the  gaivano^^'pic 
frog,  and  in  the  measurement  of  the  m«»venients  of  the  gastrocnemius  durin:;  elei'inv 
tonus  by  an  apparatus  con>i>ting  of  a  platform  with  an  insulating  gutta-{»**reh:i  top 
to  it,  a  series  of  multiplying  wheels,  a  graduated  scale,  an  index,  and  a  string  whi.li 
has  to  be  attai-hed  at  one  end  to  the  tendo-Achillis,  and  at  the  other  ti>  a  imnssiiu! 
weight  just  heavy  ent>ugh  to  put  the  gastrocnemius  gently  on  the  stretch,  and  wliioh, 
by  resting  at  i;>  middle  in  the  grooved  rim  of  the  wheel  by  which  the  other  whwU 
are  driven,  obliges  the  index  to  move  in  face  c»f  the  graduated  scale  this  wiy  or 
that,  as  the  mu-cle  happens  t<»  lengthen  or  shorti-n.  Where  the  object  is  to  exhibit 
the  action  of  aneleetrolonus.  on(^  of  the  rheoscopic  limb>  (the  othi.*r  is  re»err»ni  f"r 
the  exjjprimont  in  catlu'leetrot(»nus)  is  tixed  on  the  platform  by  passing  a  pin  thn-uirh 
the  kne<'-joint  into  th"  gutta-p«'rcha  top,  ami  then,  after  tying  the  string  of  the  mear- 
uring  apparatus  to  tlie  tendo-Aehillis,  and  arranging  the  sciatic  nerve  so  that  it  Ii« 
acros-  the  voltaic  p«)]es,  with  the  ano'le  next  the  muM-le,  a  drop  of  solution  *>f  ?al!  '• 
applied  to  th»'  iKTve  between  the  anode  and  the  knee,  or  el>«»  the  action  of  fe»'hh'  fani- 
daic  currents  i**  brought  to  bear  upon  the  sanx?  spot.  Where  the  object  i^  l«»  e%ri:l':t 
the  action  of  iMith'-lretrotonus.  the  same  arrangements  are  made  for  the  olh'T  rhi-"- 
scopio  limb,  with  tln^  single  dift'i-rence,  that  the  catln»de,  not  the  an«>de.  i*  ni>w  r.t'^l 
the  musirle.  And  this  is  all  that  has  to  Im*  dtuie  in  eitluT  ca>»\  I'xcept  to  wail  niilii  lli'' 
muscles  are  slightly  tetanized,  and  tlien  to  >ei  up  the  state  of  elecirntonus  hy  ei.»-in; 
the  voltaic  circuit,  lir.-l  with  two  «»r  more  elements  included  in  it,  and  then  witbin*.' 
eh'inent  only. 

And  this  is  wliat  happens:  In  the  case  of  the  limb  which  is  under  the  actien -f 
aneh'ctrotonu-,  the>rlting  up  of  the  electnMonic  >tat»*  is  seen  ti»  haveUhe  etl'-i't  ef  *jJ-*- 
pending  the  tetanus,  and  of  eausini^,  in  addition,  the  index  of  the  mea-urin::  api'*- 
ratU'i  to  m<»ve  in  a  way  whieh  plainly  shows  that  the  gaj^trocrieiniu*  is  slightly  <rl'»n- 
gat''d,  and  the  mily  dilference  b'-twern  the  aeti«»n  of  the  >troni;er  and  weaker  el'i'tn^ 
toniziiiii:  currents  is  in  this. — that  the  muscular  elongation  produced  by  the  lalliT  i* 
sotnewhat  les^  marked  in  deirree. 

In  the  case  <if  the  limb  whi«'h  is  under  the  action  of  cathelectrnttmus,  the  re*u!i* 
are  the  same  as  tho-i*  whieh  wwo  noticed  under  the  action  of  aneK-ctrot'inu-,  if  tw«> 
or  more  voltaii*  pli'in-Tils  witc  einployi-d  in  producing  tlie  ••lectrotonic  state.  Th*' 
t«*tanu^  is  suspended  in  both  cas«'s  alike,  and  in  both  ca'«e<  alike  there  is  al>«»  inUMruIir 
eh>nixntit)n — to  the  sairie  drgrf-e  «'v«'n.  IJut  the  results  are  not  the  .^-aine  when  a.*in5ie 
Viiitaic  eh'iniMit  is  uiad«!  u>e  of  in  producing  the  electrotonic  state,  for  in  thi«  c*"'- 
instead  of  beiirg  susjn'n<led,  the  ti-t>inus.  as  is  plainly  seen  by  the  moveuK'nt  of  lh«*  in- 
dex of  the  apparatus,  is  often  <-xagg«?rated  tt>  a  considerable  degreo  by  the  ehvlrot"nu*. 

Tlh-e,  thi'ii.  ari-  the  fai-t:*  which  are  brought  to  light  by  carrying  out  these  meilKid? 
of  inquiry,  and  the  qiientinn  i-^  how  to  acc«»unt  f«)r  them.  llt>w  is  the  su<peii*ion  I'f 
tetanus,  and  the  museular  «'loii«jrjnion  consequent  upon  eleetrotiMius.  to  Im»  «ci*ounl«l 
•for?  What  is  the  exj)lanation  <»f  th«*  exaggeration  o\'  tetanus  which  may  hapifn  in 
catheh'ctrutnfMis".'  lli»w  is  it  that  an«*leetrt»t<»nus  has  a  greater  power  of  sas|K*ndin$ 
Contraction  than  cailo*le«:trotonu>?  Why  do  the  contractions  con.«ei]uent  »|Min  ep^D« 
ing  and  clo>ing  the  voltaic  circuit  com*'  to  an  end  sooner  under  the  action '»f  cat h«'li^> 
trotonus  than  under  that  of  anelectrotonus?  And  these  questions  are  nut  loitked  u|>on 
as  unanswerable. 
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The  itatiirwl  <*l€cirie!il  s^UxIp  of  tipfvo  and  Tnufde  dunni^  the  fitiito  of  rest^  nccorrlinir 
1^1  Dr.  RMdcllffoT  Jt*  oni*  in  whith  the  flbriis  ni-e  elet'trD-tntMive  elements  in  the  Rt«le  of 
open  eircuit,  Ihi*  coaU  bf*incj  fhj^rKjt'd  pt>sitivt*ly,  «nd  Ihe  conLenU  neentWel^*  hy  eSec- 
Iro-mutive  netion.  Whlt*^  ibjirged  m  this  miinnpr  the  condtlion  of  il»«  muscle  is  ibiit 
of  rebxHlion  or  elciniTHtHiB;  when  ihis  ctiKrge  h  cli$churg*>d  contrftctioTi  ia  Ihe  T^'-Miit; 
and  th6  brofid  conduMon  h  that  the?  Mate  of  relnj£iiti<m  or  elwii^uUoti  lb  oc*nsie>i|qent 
upon  the  iirescnce,  ju*^t  n&  Ih*'  opposite  ftnleof  contrwctiuji  m  consc-quera  upon  the  ab- 
sence of  Ibis  chnrge,  the  chHrge  operating  by  setting:  uj»  n  state  of  muluwl  repul^-iun 
nmong  the  musculiir  molec-ules^  the  dUehflVgo  doinij^  its  work  by  nlloiving  ibe  nltmc- 
tlon  lorecor  furcea  inhiTent  in  the  phyHowl  eonsttliition  of  th(^  molecules  to  come  into 
|>lay*  Henc^  it  is  not  nlto^ethcr  unintelligible  th«L  the  itrtrficiul  chargt^  beloni^jng^  to 
tbeeloi'iroionie  stnt«??  mny  set  up  n  stnteot'  muM^ulitr  olrmgiaion  whifb  is  greuter  ihi*n 
that  wbicb  h  nulunil  ta  ibt*  muscif,  for  the  jfimj>lu  rcflsou  that  Lbc  uriificiul  cbtirge  is 
gri'ttler  thnn  the  nuturjil  chnrjjet  «nd  tlirtl  it  niiiy  at  the  fame  time  act  iikii  the  nwturrtl 
charge  in  itifithitinff  eon  traction .  H*'nee  the  <*3cttggt!'rnti(m  of  telnnus  in  eathelecLro- 
tonus  mwy  be  not  Mitogelher  unintelligible,  Car  if  ct>ntr!*ctio«  i*  only  the  passive  re- 
turn fmni  a  previous  stute  nf  eb»ngHtiuTi  c*>n.M'qiient  up<>ii  chrtrgCt  it  follows  thnt  the 
Cijntrftction  m  eleetrot'mu?  mny  he  gr*ntii*r  than  tbnt  which  h  natural  lo  the  rnupcle^ 
for  the  Btmplt*  rewjou  thnt  there  is  in  ^lecii-otona^  a  greater  doj;ree  of  elongation  be- 
fore the  cuntrnction  than  that  which  U  niituml  to  the  niu&cle.  And  hence,  loo^  the 
fXfiJanatifn  of  the  fact,  that  contraction  U  inhibifed  mnre  effect iially  by  anolei  tro- 
tonu!4  than  by  cathelectrotonii?,  wnd  111  sit  the  contraction  im  closing  ynd  opening  thrt 
circuit  coniinui^s  for  a  longer  lime  under  imelecirntonns  than  nnder  calhcleetrotonuf, 
for  these  diiterencCv*  after  all  noiy  he  nothing  more  than  the  natural  consequence  of 
ibe  T*'ay  In  which  the  actifni  T>f  the  urtitlcial  charge  agree^j  with  that  of  the  ntitural 
ehargc  in  the  one  ca^e*  nnd  di'ingrceri  in  the  tithi^r,  the  H-  artilicial  charge  imparted 
U>  the  ouL^ideft  of  the  fibrej^  in  imfdeclmiuTjus  agreijing  with  the  4*  charge  which  is 
natural  to  thc&e  parti*,  and  so  fnvoring  the  conlinUHnce  of  that  natural  «tateof  fbarge 
which  at  once  inhibiti-  contraction  11  nd  m I  lows  of  eontraetioiT;  the  —  artificial  charge 
imparted  to  the  ouiftidee  of  the  tibres  in  cathelectrottmu*  disagreeing  with  the  + 
charge  which  is  natural  to  these  parts,  and  being,  on  ihiti  account,  unfavorable  to  the 
conHnuance  of  that  natural  state  of  charge  which  at  once  counteracts  contraction  and 
miikcfi  contraction  a  p<jfisib3lity.  In  a  word,  the  explunatitm  of  the  longer  or  s^hnrter 
eontlnuatiee  of  the  contractitm  which  happens  in  this*  case  in  the  closing  and  opening 
of  the  circuit  is  the  game  a^  that  which  Dr.  Hndcliffe  applies  to  the  exphination  of 
the  lunucr  or  shi>rler  contJtiuante  of  tlie  same  contraction  under  the  'Mnversc"  and 
*' direct'*  currents;  for  in  this  latter  case  the  evidence  gties  to  show  that  the  diD'erenees 
in  qne*tion  have  to  do,  not  with  difterenccs  in  the  direuiiott  of  the  current,  but  with 
differences  in  the  charge  a&sociated  with  the  current,  the  -j^  charge  aaaociated  with 
tJie  'inverse  ''  current  being  favorable  to  the  coiitinunnee  of  the  contraction,  the  — 
charge  ss^ocittt^  with  t)>e  "direct''  current  being  untiLVorable. 

2.  OJihe  Spinal  Qtrd  and  Mtdxilki  Obimigata; — fftelr  Structure  and  Aetions. 

47J>.  In  oitr  more  detailed  consideration  of  the  functions  of  the  8€!veral 
divisions  of  the  Nervous  System,  it  ii*  desirable,  for  several  reasoog,  to  eoni- 
ineDce  with  the  C^anio-Apinfil  Axis;  whirh,  as  already  pointed  out,  may  be 
considered  as  cofjstituting  tbe  ftmdaitifntal  portion  of  this  apparatus,  The 
entire  Axis  1 3  divided  into  it*^  Crauial  and  its  Spinal  portions,  the  passage  of 
the  Cord  through  the  **  ftirjimen  magnuiii  "  of  tho  occipital  bone  being  con- 
sidered to  mark  the  boundary  between  them;  and  although  the  sepamtiou 
of  the  MeduUa  Spinalis  from  the  Medulla  Oblongata,  which  is  thus  estab- 
li&hai,  is  in  itself  purely  artifttnal,  yet  it  will  he  found  to  corres^pond  com- 
pletely with  the  natuml  division  founded  on  their  respective  physiological 
attributes. 

460,  The  ^inal.  Cbrd/  which  extends  from  the  margin  of  the  foramen 


<  The  sketch  given  in  the  text  of  the  Anaton^  of  the  Spinal  Cord,  is  chiefly  de- 
riTfid  from  the  Jtatt-ment*  of  Prof.  KSlliker,  in  hi^  Mikroi^kopijcho  Anatomie  (Bd, 
ii,  jj  115,  116},  and  of  Mr.  J,  L.  Clwrke,  in  the  Philosophical  Transactions,  1861, 
18§a,  and  lBo9;  hut  Gerlacb  give^  an  ejteejient  necount  of  it  in  Strieker's  Hum,  and 
Comp,  Histology,  Syd.  Soc.  TransL,  vol.  ii,  p.  327. 
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nmgimnv  to  the  first  or  second  lumlmr  ToH^bm,  and  whirh  h  prDlon^i 
the  fihtm  tefmhtak^  to  the  extremity  of  the  t^it'rul   c^mial,  h  rJMn*-»  r,.- 
pletelj  divided  by  the  anterior  atid  poMierlor  mnUmi  fijmuren  \  J 
into  two  lateral  and  ^yni metrical  halves.     The  *' anterior  m 
{a)  ie  more  distinct  thao  the  potnerior,  being  wider  ut  the  - 
only  penetratCB  to  about  one-third  of  the  thick nes^^  of  the  t_Mnj,  i:>*rjrj.:' 
inereHBing,  however,  towards  its  lower  part.     The  sides  nt  tlie  *'  fxMitfiir 
median  fissure*'  ijol,  on  tl»e  iHher  hand,  are  in  elo^^  iU<Jii;  \m 

the  divii^ion  commoidy  extends  to  about  half  the  thic  i^rtl,  htiii| 

deeper  towards  its  npper  than  toward?*its  lower  end*     ihc  i\\  ' 'i^- 

fore,  are  only  united  by  a  cciramis&um!  band,  which  occupi**;^  tJ,  ,.1.-: 

of  the  cord ;  and  this  is  traversed  by  the  *'  t^pina!  canal  *'  {/),  v^bkh  BCuih 
tinned  downwards  from  the  fourth  ventricle,  is  about  |^(^th  of  tui  luc^  tl 


Fm,  207, 


SS^f2^ 


S!\  •^S^^  \> 


<7^ 


m'?^ 


I'  \ 


jj-" 


TfAHAti^no  Beetloo  &t  Splntl  CkiM,  tliraugli  Xhn  m\M\p  at  t}i«!  lumbiiur  rtibrR'nBiimi«ilM«vlig>- 
rlghl  ulik"  Ihc  TOUfFf*  of  lh«*  n»^rvi'-rtKil3,  Bin)  on  lh«  Icll  Ihe  posdiiim  ^if  ihi;  |)r1«irif«il  t»»*u  crC *wfc»^' 
niAtter  :  ^t  ^t  nnt^rior  column*;  t\  f,  podtcrlot  iM>l4iiit]i»i  U  t.,  Ifttort,!  eoNmf**    m.  %%\U*iui  ■nKii  ^ 
furt? ;  j»,  ixw^rfiof  medijiii  fleiaun' ;  fc,  /i,  i&,  ^►,  fttik'rltir  fi>oi«  uf  4|iiiiAl  is*  r  ^  kl, 

tr^li  of  ifv*lciiljif  nsalt'er  In  i.t«lt>rl<jr  iuhmiD ;  *,  Inicl*  «*f  veal*-iilnf  m»ti  «•* 

bj  JftjciibowlkH-'U  Ibe  "  s/ni{»iith«Ue  ''  eolufciii  m  iryet;  /,  e^filril  ciiial,  ^ 

miflsitfe  ;  gt  siiljdiiiiiUA  gdiitluo»  of  Hblnuilu. 

diameter,  and  according  to  Mr,  Lockhart  Clarke,  is  )ine«i  vnih  11  ^^**' 
columnar  ciliated  celb,  whose  attached  eittrtmitic*  Uipcr  into  delicate  St** 
becoming  eon  tin  nous  with  the  fibres  of  the  connective  tiii^tie  of  lli*^  'fl"*' 
columns.— At  a  little  distance  from  either  ©idc  of  the  po^leri'  -  '  "^ 
sure^  and  corresponding  with  the  line  of  attachment  of  the  ^  "** 

of  the  nerves*  is  the  posterior  lateral jnrrouf  t  a  shallow,  IonsrittiaiD;ii  nrpr^ 
filou,  which  marki?  out  the  **  posterior  columns'*  of  thi^  i\krti  f>,  r)lls^ii^ 
tinet  from  the  ** an tero- lateral  columns/*     Acor>'  ''^'^* 

sometimea  described  as  traversing  the  Cord  in  tt^  '* 


*  Tha  Btriicture  af  the  **flliim  termfnale^  is  In  0¥«ry  r««p«ct  ^iurn 
ithfttofthe  proper  Bpinal  Cord,  aav©  that  no  aervo^root*  mn  coitii«iu«d  witi  i? 
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of  the  ntTVes  on  either  sirle  i  but  this  can  scarcely  bo  snid  to  have  a  real  ex- 
istence; and  the  &efvaration  of  the  " an tero- lateral  eolumus"  into  the  **aDte- 
rior"  and  the  ''lateral''  columns?  (a,  A  and  L,  Lj  is  only  marked  exterually 
by  the  attachment  of  the  nerve-roiits.  It  is  made  more  obvious  iniernally, 
however^  by  the  peculiar  di.Ktnbutioii  of  the  gray  ftiaitert  which,  ih(Hi]^h  by 
no  meani^  LDiforra  thronghout  the  Cord^  usually  presents  (iu  a  transversa 
section)  the  form  of  two  somewhat  cre^ceut^&^haped  ma^^ses,  who?<e  eon  vexi  ties 
are  turned  towards  each  other,  and  are  eonjiected  by  the  gray  eommij^sure, 
whilst  their  cornua  are  directed  toward  the  surface  of  the  cord.  The  poste- 
rior peak  on  each  side  nearly  reaches  the  posit erior  lateral  furrow,  whilst 
the  anterior,  though  the  larger  eornn,  does  not  aj>proach  quite  so  near  the 
surface*  The  gray  matter  is  enveloped  by  the  white  mihstanee  of  the  columnfi, 
which  are  entirely  composed  of  nerve-tubes,  whose  general  direction  h  longi- 
tudiuaL — The  Spinal  Cord  of  Man  is  by  no  means  of  uniform  dimeimionsin 
every  part  of  its  length :  and  the  pioportions  which  the  gmy  and  white  sub- 
slaneeA  hear  tii  one  another  in  diHerent  parts,  are  extremely  diverse.  Two 
pHneipul  erdargement.^  are  seen  in  the  cervical  and  Inuibar  regions,  at  the 
origins  of  the  large  nerves  forming  the  brachial  and  crural  plexuses;  and 
these  enlargements  are  chiefly  due  to  an  increase  of  the  gmtf  substance, 
which  i^  com paralively  deficient  iu  the  intervals.  On  the  other  hand,  there 
is  a  regularly  prog  revive  increasic  in  the  w/uf^  4*ub^tance,  as  we  proceed  from 
the  lower  to  the  higher  |>ortion  of  the  trord  \  and  ihh  fact  of  itself  serves  to 
indicate  the  probability,  that  the  longitudinal  columns  serve  (as  formerly 
aupfiosed)  to  eatablish  a  direct  connection  between  the  Encephalic  eeutrea 
and  the  roots  of  the  8pinal  nerves.  * 

48L  The  fp-atf  nmlter  or  rtufieular  mhdauee  of  the  Spinal  Cord,  which  is 
best  seen  iu  transverse  section  (Figs.  207  and  208),  is  by  no  means  uniform 
in  its  texture  throughout.  Its  anterior  cornua,  which  are  thicker  and  j^horter 
than  the  posterior,  are  of  a  uniform  gray  color;  and  they  consist  of  large 
well*develo|)ed  nerve-celU  id.  Fig.  207  and  /,  Fig,  208  t,  which  usually  pre- 
sent many  radiating  pr<»ce?i^C!4>  one  of  which  always  passes  into  the  anterior 
root  of  the  nearest  spinal  nerve;  whilst  another  ascends  on  its  own  i-ide,  and 
others  form  communications  either  with  adjoining  cellis  or  with  iho^  in  the 
horn,  or  cm  the  opfxmite  side  of  the  Cfjrd*  The  cells  of  the  anterior  horn 
connected  together  id  this  way  form  gmup^^  wliich  may  rea»c>uahly  be  i^up- 
posed  to  constitute  centres  ibr  the  numerous  fibres  distrihutetl  to  each  muscle, 
so  that  an  impulse  of  the  will  or  other  stiniuluf*  acting  upon  one  of  the  cells 
may  excite  t!*e  whole  to  e<jual  and  cou-^ntaneoui*  action,  and  thus  abolish 
the  necessity  that  would  otherwise  exist  ibr  evi^ry  cell  to  possjess  Ua  own  motor 
fibre.  The  central  portion,  which  contains  the  canal,  and  which  also  tbrnis 
the  commissure,  has  a  f«imilar  composition  ;  but  the  cells  are  smaller,  though 
still  having  long  branching  radiations;  and  the  fibres?  are  extremely  tine, 
their  tubularity  being  oft^n  indistinguishable.  The  anterior  portion  of  the 
commissure,  however  in.  Fig.  208,  i,  Fig.  209),  is  purely  fibrous,  and  is  dis- 
tinguished by  some  as  the  "  white  commissure;^*  it  dt*es  not,  however,  form 
an  immediate  connection  between  the  two  anterior  columns,  but  brinj^s  each 
of  them*  as  will  be  presently  seen,  into  relation  with  the  vesicular  matter  of 
the  anterior  cornu  of  the  oppasite  side.  The  posterior  cornu  (Fig*  208,  ^  k 
ij),  longer  and  narrower  than  the  anterior,  is  divided  by  JMr.  Lock  hart 
Clarke  into  two  parts,  the  Caput  and  the  Cervix  Cornu.  The  Caput  Cornu 
(ffh),  or  bulbous  extremity  of  the  horn,  consists  of  an  outer  and  compara- 
tively transparent  gelatinom  portion  (^),  the  substantia  gelatinosa  of  Rolando^ 
and  of  an  inner  and  more  opaque  portion  (h).  The  former  contains  nerve- 
eelli  of  various  ^hape  and  ai^e,  often  muhicaudate,  the  caudate  prolonga- 
tions being  continuous  with  nerve-tubules  of  small  average  size  (varying 
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from  J^^*QXi  t<^^i^lit<s  ^^  ^^  inch  i,  riitining  transversely,  I  ':allj*i 

<>bli<inoly.     Miugled  wiili  tlie^e  iire  bloodvessels  nuil  ^^fttii  if^tifl 

Tbe  Miner  or  aulerlor  jxirtioo  of  the  Ciiput  also  coritaiiih  '  uttl  fil 

to  wliich  its  opadly  is  ehioHy  due;  trfltii>ver?e  fibres  wbn  ^hXm 
with  tlie  posttiHoi'  roots  of  the  nerves  and  with  the  lon^ilud 
the  cord,  and  cella  which  are  for  the  most  part  of  suiall  bi^^.      ...-L 


Fm,  30», 


Fio.  90». 


Fhi.  20fi.— TrnnKVi^rsp  fteclion  of  \hn  ^mj  tnb- 
»l(Li|{M  4>f  itu^  nHtriuEiHSjtinul  C^ml  At  ibi  Jpvi<l  r»rthi<^ 

Cnput  C'oriiu  s  A,  ilark  niluriur  uf  Ci*|JMt  Oirnw;  f, 

ulnf  colttRni;i,  tbe  tfftetws  irit^riiii<ilJu-lnt(,'r»ti*  ^ 
tf  Anlerlur  Curnti ;  «»,  OnlruJ  Oiiint ;   w,  A  litem  r 

l^fl^UMOllUg  Co.l'IDIIliASUfl!. 

Flit.  209,— Mtf+Uiu  jxirtlon  of  a  ImniTcrse  u^etion  ftf  th<^  eptDul  eonl  of  n  ehll«S  tli.  mooth*  rH  t 
tht^tcjwcr  iiarl  «>4r  llic  ei^rrical  Ttf^Uxn,  imrcd  wilh  Itiu  ileniHr  (rhJurtilci  t^r  |HiiiiBtliiici  mv^ 
nlnv^!  Ml  diiinu'tflrB.    rt,  n,  anterior  cohin^pji,    ft,  fr,  |KiiterLur  coUiJUii*.    <*,  iH^ulriLl  i^'jtti«l     .3 
iiig  tHf  e|jiilLenii(t|  4>r  Ihc  CiMitrul  ennnJ.    r«  euunecllvc  Lii^tK'  attrrtMimlkuj;;  Lh. 
Jill  re  pkxu*  «hniik*l  the  ciritnil  cdut^L    p,  i^wleflur   Ufcirivcr^f  lilmn  uf  i 
anlrrlnf  Itrtiisvcrse  flbriis  of  ilie  gm^  eommkiiirc.    I»  d^CMSsatiun  ,,1   rit,f, 
Cooilni^aii  ri*. 

obi^erves  that  the  niedian  portion  of  the  gray  subntaoce  of  the  jti' 
the  sa-called  g^ray  comnii^srure,  is  composed  of  wj vera!  distiit^'f   I 
diviJ^ions:,    Situated  dightly  in  front  of  ihe  exact  eeDin*  is  ih'' 
Fig.  209,  c,  lined  by  coluninar  epithelial  eeUs,  Fig,  S201>,  ti,  hIh'  i< 
membrane  eom poised  of  conneetive  tiaj*ue  or  epeiidyma  t(ik*nil*lv 
nerve-fibres,  Fig.  201^  e.     Anteriorly  to  thiw,  and   imruediiiU  ! 
while  eonimii^sure,  Fig.  20i)j  i,  are  the  anterior  eomniis.su ml 
immediately  bound  the  sulcus  loDgltudinalift  |K>siterior  in  tht^  njiUUi 
the  posterior  columns  laterally*     The  eilia  of  the  rolumimr  r. 
centrnl   canal  are  only   present  in  chihlhood.     A    r*^inarkiible  • 
ganglionic  cells  constituting  the  inner  und  anterior  pari  of  thel>r\ 
y,  and  exteudinf^  from  the  tower  part  tif  the  eord  In  the  tuiddlr 
vical  enlargement,  where  it  terminates,  lias  been  dtiscnbe*!  hv  M 
under  I  he  term  of  tlie  jMsterior  vesicnlar  eolnmn.    The  jMiiot 
the  anterior  and   pot^terior  conma  (k)  m  termed  by  the  .«iani 
tractus  intermediodaterali!?.     It  extends  from  the  ui*|>er  nw>t*  of  i 

cervical  nerves  to  tlie  lowe^it  ]>arl  of  the  durfaal  region,  hut  is  mcwt  i^  - 

about  the  fii^t  and  second  domal  nerves.     The  |)mtenur  vcsdcalar  cr\bmm 


<  Si^e  L^ieklDirl  Chirke,  Phih  Trum.,  1858»  p.  249, 

*  Art  Spinul  Curd,  la  Striekcr^s  UumunHad  Com[)  HUtokpy,  voK  ii^  p. Il{> liSt  I 
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on  the  other  hand,  are  largest  at  the  lowest  part  of  the  dorsal  region.  The 
delicately  granular  nucleated  substance  which  intervenes  between  the  cylin- 
der-axes of  the  gray  substance  of  the  spinal  cord,  and  forms  the  greater 
part  of  it,  was  termed  "neuroglia"  by  Virchow,  "  reticulum"  by  Kolliker, 
"granular  basement-substance"  by  Henle,  "spongy  substance"  by  Schultze, 
and  is  believed  by  Henle,*  Robin,'  and  others  to  be  quite  distinct  from  con- 
Dective  tissue,  not  only  in  function,  but  in  microsco2)ical  characters,  and  in  its 
chemical  reactions.  Gerlach'  and  Frcy,*  however,  still  describe  it  as  a  spe- 
cial form  of  connective  tissue.  It  is  chiefly  found  at  the  periphery  of  the 
Dervous  centres,  where  it  forms  a  cortical  envelope  around  the  central  canal 
of  the  cord  (forming  the  noyau  pcriependyniair«  of  the  French  writers)  on  the 
two  surfaces  which  bound  the  posterior  median  fissure,  and  lastly,  around 
the  posterior  comua,  where  it  forms  the  gelatinous  substance  of  Rolando. 
[t  is  described  by  Gerlach^  and  Lockhurt  Clarke  as  a  material  of  finely 
granular  aspect,  like  the  matrix  of  hyaline  cartilage,  with  little  clumps  of 
cytoid  particles  scattered  through  it,  which  seem  to  be  in  connection  with  the 
cells  lining  the  central  canal,  and  with  the  pia  mater.  Pervading  every 
part  of  the  neuroglia  of  the  gray  substance  of  the  cord,  except  that  lying 
in  immediate  proximity  to  the  central  canal,  is  a  close  plexus  of  extremely 
fine  fibres,  chiefly  derived  from  the  processes  of  the  nerve-cells  just  described. 
The  bloodvessels  of  the  central  parts  of  the  nervous  system  are  stated  by 
His*  to  be  surrounded  by  a  loose  sheath,  between  which  and  the  proper 
external  coat  lymph-corpuscles  are  perceptible.  These  spaces  he  considers 
to  represent  the  lymphatic  system  of  these  parts,  which  are  otherwise  desti- 
tute of  this  system  of  vessels. 

482.  The  connection  of  the  Nerve-roots  of  the  Spinal  Nerves  with  the 
several  components  of  the  Cord,  and  the  course  of  the  fibres  afler  entering 
it,  may  be  made  out  partly  by  means  of  seciioiu,  and  partly  by  following 
the  course  of  individual  fibres  by  ordinary  microscopical  dissection.^  The 
following  is  an  outline  of  the  information  which  may  thus  be  gained  from  a 
comparison  of  transverse  and  longitudinal  sections  (Fig.  207  et  seq.). — The 
bundles  that  form  the  Posterior  roots  (Fig.  207,  c^c;  Fig.  210,  p,  p,  p ;  Fig. 
211  y  g)  consist  of  three  kinds,  which  differ  from  each  other  partly  in  direc- 
tion, and  partly  in  the  size  of  their  component  filaments.  The  firai  kind. 
Fig.  210,  a,  cr,  a  (which  are  more  numerous  in  the  upper  part  of  the  Cord), 
enter  the  posterior  columns  horizontally ;  and  then,  taking  a  longitudinal 
direction  aoun  the  Cord,  send  fibres  into  the  anterior  gray  substance  (o),  of 
which  some  bend  upwards,  and  others  downwards ;  part  apparently  be- 
coming continuous  with  fibres  of  the  anterior  root,s;  whilst  another  part  lose 
themselves  among  the  fibres  of  the  anterior  columns,  in  which  they  may 
either  proceed  continuously  to  the  head,  or  may  pass  along  for  a  limited 
distance  only,  to  emerge  in  the  nerve-roots  of  some  other  segment.  The 
§econd  kind  of  bundles,  6, 6,  A,  also  traverse  the  posterior  columns  horizon- 
tally and  obliquely  inwards ;  their  further  course  may  be  best  tracked  in  a 
transverse  section  (Fig.  207j.     These  fasciculi,  which  are  composed  of  re- 


'  Central  lilatt,  1809,  p.  117. 

■  Anntomift  et  Phy8i<»loijie  Collulairos,  1873,  p.  117. 

•  Stricker'6  Hum.  and  Com  p.  Histol.,  Syd.  Si>c.  Trans.,  vol.  ii,  p.  335. 

•  Hihtolot^v.  Harkpr'8  Traniil.,  p.  575. 
»  C«'nir«lblMtt,  1807,  N<»s.  24  and  35. 

•  Sielxild  and  Kolliker,  Z.;itschrirt,  Bd.  xv,  1805,  p.  127. 

'  Mr.  J.  L.  Clarke  lias  su(!C»>eded,  by  the  adoption  of  a  poculiar  method  of  projv 
iiration  (foir  which  see  Phil.  Trans.,  1808,  |».  3*J1).  in  making s«»riions  <jf  oon>idi»rable 
thickness  sufHcic^ntly  transparent  to  allow  th«  course  of  the  fibres,  and  the  contour  of 
the  nervc-celU  and  their  prolongation:*,  to  be  distinctly  made  out. 
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niarkably  fine  and  ilelicale  fibres,  interlace  so  as  to  form  Willi  each  othtf  i 
iDlrlcate  plexus;  and  from  tbts,  straight  and  distinct  bundled  ctitiprtlie| 

tenor  eornua  along  their  whole  1 


Fio.  210. 


%^ 


LoDfitudiiiQl  SttjUoii  throufb  Cei^lcal  ea- 
UrgeiQ«fiit  ijf  SijIduJ  Cord  ut  Cmt :  a  c,  mutetlar 
irbJte  oolumnt;  a  c',  porUi}j),  ktioirlug  ibe  a.r- 
nugemtiiit  of  the  longHudldA!  fibres  ;  p  c,  po** 
tcrlor  while  coluniDt ;  q,  gmy  tigbaUDce  betveea 
them  {ihs  reeick^  omitted,  lo  Afpld  obscufiog 
llie  cpure«!  «»f  tbQ  Ahrcs^ ;  a,  anterior  Foota  of  tbo 


|Ki«itri4?r  rfMi4,  consljUiig  of  ilutia 

Mid«,  the  intuit, i!ro»iitififaD|Mmmorci}iuiuni  p^gg  towarda  the  atitenor  tuiitoft^ 

commis&ure^  m  wl>ich  iher  cro«  «w^ 


wftfila,  acruas  Ihe  i^ray  itub«taiii!e,  iutui  |he  sn- 
pariitt  iioluDiuii;  ilm  iecond^  b^  trmvuralng  Ibo 
pOALerlorcaiumni  borlsoutatly,  u)d  theti  ioaiag 

'  thcowelfes  in  lUe  gr«j  fubfttmiee ;  the  third,  ^t 
for  the  tncMt  p^rt  b«?cottiitig  eontlotious  wUb  the 

'  iDUgttudloal  fkhrm  «f  Ui&  fKisLerlor  t^ilunm ;  all, 


to  the  opposite  i^idr,  €at4!rio{f  iti  ••* 
terlor  and  luteml  rohimus:  a  coofi(lc^ 
able  number  plunjc:^^  loto  the  ce«u>I 

__  ^ _    suhstaoee  of  the  gray  oornu,  iftd  rf 

«»Aiiti<»«i  nU,  uiuiuau-i/eniiiriDff  th«  ^rejfuW  thcse  some  becofnc  kiDgitii(iiDal«  |*fl^  ' 
"^^  ing  equally  upwurds  and  dovniw^ 


croi^iing  the  **sub^taiitm  f^tCtiNHi* 
both  ooliquelj  and  at  right  aaigla, 
Having  thus  entered  the  rc«jcitlar  fob* 
Btauce  of  the  Cord,  some  of  the  Shm 
become  connected  with  fnnttipolir 
pangliouic  cells;  others,  After  tmrei^ 
ing  it,  emerge  fmm  U  iigmii],  fntotttiNr 
the  posterior  cohimui^  nt  the  ponenar 
portion  of  the  laternl  eohtmtM ;  otbm  i 
pajis  to  wan  l^  the  tmn^v#*n6(*  coomii- 
sure,  through  which  '  ^n  to  Rub 

their  way  to  the  p(»>>    >  itd  loltfil 

columns  of    the    oppwit^  side;  A&l 
others,  agatn^   form   ft   iioe    Ddirt^r*, 
which    extends    t<mard«    the  ar* 
eornua.     Of  the  flbrei»  of  a  thif^ 
(Fig,  210,  c,  c,  c),  a  pan  «M»ffi  to  be- 
come directly  eontintiou«  with  ibofibrei  j 
of  the  posterior  rolumn^;   the  bupf\ 
proportion    of    them,    h-  " 
these  columns  obi nj tidy 
enter  the  gray  sub^iur^r 
points;  after  passinp   n;  ■  > 
can  no  longer  he  eitarly  -• 
though  some  of  them  njij  - 
loops  ami  then  npttirn  to  the  mhiM  c4*  I 
timns.^ — The   fasriculi   of  fibres  »hfefc 
constitute  the  anterior  root*  [Kigii  ISW,  I 
211,  h,b,h:  Pig,  210,  A,  A].  o»ik 
other  hand,  t rave t^e  the  aoi^rwr  oj- 
umns  of  the  Cord  nearly  horiiootaHj,  j 
and  in  straight  and  distinct  buiulH  \ 
which  do  not  interlace  with  each  other  i 
until  they  reach  the  anterior  corDuarf  ] 
the  gray  sulistiince ;  on  enteriD|(  tW^  I 
they  break   np  into  smaller  l^odls 
and  separate  hhre^,  which  div^rjrf  ti 
various  directions;    raanv  imitf  nitb 
the  large  muki|>olar  gn»' 
of  the  anterior  bonis  ot 
stance ;  some  pos^tng  out  %g^\ii  mwUi'i 
anterior^  and    others   into  ihe  luteal 
columns  of  the  same  side;  otheiv  a^ 
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whilst  alhers  seem  to  traverse  it  horizontally,  so  as  to  come  into  relatioa 
[oot  improbably  into  actual  continuity]  with  the  posterior  roots.* 

483.  Thus  we  see  that  there  are  two  very  distinct  courses  purjijued  by  the 
Root- Fibres  of  the  Spinal  Nerves,  in  the  substance  of  the  Cord  ;  the  first 
transver^i^f  the  seeona  hnf/thtdhutL  The  fibres  belonging  to  the  former 
category  traverse  the  Cord  hDrizon tally  or  obliquely,  and  appear  to  J>as8 
ont  in  the  other  set  of  roots  connected  with  the  same  segment*  either  nu  its 
awQ  or  OD  the  opposite  side  of  the  median  fissyre.     Of  those  beJongiDg  to 

FiQ.  aiu 


Ant^m-fviiiierkr  s^llnn  tbrough  tUi.^  lumber  ontnT^empnt  «»f  the  hnm&n  uplnnl  cunJ^  treiiteii  with 
chldrldti  of  pitjMk  ■nd  poUstalum.  Magdiflii]  :in  filuiinctuni.  a,  anifrfor  c^^luitiim;  h,  anterltir  muts  of 
tJiH  nerrr*  lnirer»liif  ihe  BnUrkir  colnmp*  ohliqudy ;  e,nnter\of  eornn;  H,  posU'rior  taniti,  wUh  the 
Tl^rtleal  fflM>iciitl  a^eendlng  id  Tront  of  the  titb«ratitLa  geljiLtnosa;  e,  sabtiinOji  geiaridos^ii,  tnn versed 
bj  horlxnntiil  fswieuH ;  /.  fnijit*  dor  colttfnn ;  ff.  |M>atcrior  rtwta  af  tli«  nnrvL'fl  dlridtHl  tranefemelf  in 
eoiucqiivnce  of  their  laural  lujtrafiL^e, 


the  latter,  a  email  part  appears  to  connect  the  posterior  roots  directly  with 
the  posterior  columns,  without  passing  Into  the  vesicular  substance ;  but  the 
reinaiDder  of  thorn  belonging  to  the  posterior  roots^  fir^t  enter  the  gray  matter 
of  the  Cord,  and  then  emerge  from  it  either  into  the  posterior  column,  or 
IB  to  the  posterior  part  of  the  lateral  column  of  their  own  or  of  the  opposite 


*  Thone  who  «re  df^^iroiis  of  ptirsiiing  thfi  *iimctiirc!  uf  tlio  Spinnl  C*»pd  fn  more 
detnil  th»n  ctin  possibly  he  given  in  nn  elvmi^niiiry  tpe^nlTSR  !ike  the  ppi-sfrntt  nre  ro- 
forred  lo  ihe  imfJortaTit  work  piibHiibcd  hy  Stifling  in  385*^^  PiititJfd  N^ny  Untpr- 
»uchun(^(*n  iiber  don  Bnu  deft  Riickonmarks  In  3  pnrt*,  with  nn  AtiHS;  iil«n  to  the 
UDter^itch.  Ober  den  feinpren  Bnu  dea  Central  Nerven^ypti-m  dps  Mpnsohen,  by 
J*  T,  I-enhoMck,  Wi»2n,  1855;  to  the  researches  of  Bidder  and  Kiiptl'tr,  Ut*l>er  die 
Teitur  de*  RuekenntHrke,  Lpips&>g,  1857;  lo  thi?  Vhlimble  jiiipprs  in  (he  l'hilr»s*»pbieiil 
Trama^^tiont  for  1851,  1S53,  1868,  pan  i,  j*.  231,  1859,  fmrt  ij  p.  437,  by  J,  Loekhnrt 
Cl»rke;  t^  ibe  Translalion  by  the  Sydenbmn  Si>eipty  of  the  TreitU^p  of  SfhrSiler  v^. 
d.  Ei>lk^  1850;  hnd  to  thi*  ^s*aj?»  of  Dr.  C  FrfMnmann,  Unter^ueh.  tib.  die  N«irm.  u. 
FAlb.  Anat  dea  RilckenmRrk*.,  Jonn*  1864,  4  pUtes;  the  work  of  J.  Luys,  Rech**rche* 
»ur  lii  Syaieinti  N^Tveui  Cerebro-spinal,  Fari*i,  18*^6,  «nd  Oerlach,  in  Strieker's  Hu- 
mun  and  Comp.  UhU*U%y^  Syd,  Soc.  Trsni.,  1872^  p.  327. 
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half  of  the  Cord ;  an*i  in  like  manner^  all  the  lougitutlirml  fibn:»  MoBfOf 
to  the  anterior  root«  Hrst  enter  the  vesicular  substant-e,  and  either  t^rmou 
ID  the  gaugl ionic  cell^  in  the  anterior  Uoru  or  re-enter  the  nnU-nor  colon 
or  the  anterior  part  of  tlic  lateral  column,  of  the  same  or  of  the  opp 
eide. 

484,  The  observations  of  Mn  Clarke  shaw  clearlv  thnt  some  of  the  1 
of  the  anterior  roots  never  become  longUudioal,  and  these,  aecordinulv,  lt»tf 
no  other  ganglionic  centre  than  the  vei^irtilar  laiiNtanue  of  the  segn 
Cord  with  which  they  cotne  into  immediate  rphirimi;  thev  ali^o  r>  ; 
treraely  probable*  that  many  of  the  longttutlinal  fihre^i  of  Both 
tinuously  upwards  to  the  Eoeephahjn,  most  of  them  after  trav 
nucleui*,  but  some  of  those  of  the  pa:?<terior  rmvts  without  cveii  ti 
vesicular  substance,  m  that  th^M  cannot  have  their  gjin^Iiooir  r^ 
Cord  at  all.     If  the  latter  be  among  the  fibres  whinh  fiai»s  ^ 
Ptisterifvr  Pyranrids  into  the  aseiigiory  traet  of  the  Crura  Cet^ 
ganglionic  centres  are  the  Thalami  Optici. 

485*  That  i^iieh  i^  the  real  arrangement,  is  very  strongl?  i5dic«T.-<1  Ik  dw 
anal(jg"us  conformation  of  the  gangliated  cord  of  Artimilated  ai 
it  may  be  stated  with  tolerable  certainty,  that  some  of  the  root-fib? 
nerves  paas  along  the  purely  fibrous  tract  of  that  cord  (which  i 
readily  separated  from  the  vem'ular,  than  it  can  be  in  VcrtcH'  ^ 
to  the  eephalic  ganglia,  which  they  thus  bring  into  diret^t  ' 
with  all  the  nerve-trunks  connei^ted  with  the  gatjgliatcd  « 
others,  also  becoming  longitudinal,  and  running  alonij  those  j 
cord  which  intervene  between  and  connect  the  ganglia  of  the  d; 
nient.«,  pass  into  the  ncrve-truoka  that  emerge  from  ganglia  at  n 
one,  two,  three,  or  more  segments  above  or  below :  whilst  a  1:> 
of  the  root- fib  res  have  their  ganglionic  centres  in  tl»e  ganglia 
spec tively  enter;  and,  after  comiuginto  relation  with  its  vesicuiar 
pass  out  again,  either  on  the  same  or  on  the  oppo?*itc  side  of  r 
plane.'     Now  the  purely  fibrous  tract  of  the  ventral  coni  of  the 
terminates  in  the  Cephalic  ganglia,  which  are  homologuup,  ai  :i.,  „ 
marked  (§  447,  iv),  not  with  the  whole  Encephalon  of  Verlebmta,  hut 
their  "sensory  ganglia"  alone;  and  thus  analogy  would  lead  ii»  h^  -" 
that  the  fibrous  stninds  of  the  Spinal  Cord  do  not  pass  on  cciutinuu 
Cerebrum,  but  really  extend  no  further  upwards  than  the  Corpn; 
Thalami  Opiici,  and  the  other  ganglionic  centres  in  eoDneetioa  ^ 
which  lie  along  the  fioor  of  the  cranial  cavity.     This  view  wi''  ' 
shown  (Sect  3)  to  be  in  harmony  with  anatoniiad  anil  phy- 
which  indicate  that  the  Cerebrum  only  receives  its  impulifes  to 
the  medium  of  the  Sensory  Ganglia,  and  that  it  reacts  u]x>t 
apparatus  only  through  the  same  ehanneh     That  some  of  th*, 
of  the  spinal  nerves  shouhl  ascend  continuously  upward<«  tn 
tactile  sense,  in  ]Man  and  other  Vertehrata»  tis  well  a^  in  A 
would  seem  a  legititnate  deduction  from  the  fact,  that  - 
viously  exists  between  the  olfaetive,  visual,  and  auditory  nerv*!*^  «o 
res[3ective  ganglionic  centres,  no  intermediate  apparatus  of  ve-Ii  iiTftr  ra«u 
being  interposed  in  their  course ;  and,  as  we  have  ^een  ( §  4^2 
of  such  a  continuity  in  regard  to  a  jmrt  of  the  fibres  of  the  p 
the  nerves,  h  made  extremely  probable  by  the  I'csearcbes  of  Mr. 
A  very  remarkable  confirmation,  too,  has  been  afforded  to  the  dot mu- 


'  Sr«e  Frinc.  of  Cnrnp.  Phyfi.»  ^  6l8.^^Tlns  impnrtntJt  ftiets  her*  rffrrrnNl  In  %^*] 
been  chiefly  fctibstiinliutod  by' the  fe«earehes  uf  Mr.  Nirwptjri  And  M.  Uantfapf. 
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coBPtiUition  of  the  Spinal  Cord  here  advocated  hy  the  PaUiologieal  researches 
of  Dr.  LucUvig  Tiirck  ;^  who  has  s^howii  that  certain  le^ioua  of  the  Eucepbahm 
produce  a  degeneratloa  of  Derve'ti^ue  in  parti utdar  tracts,  which  may  be 
traced  continuotisly  down  the  Spitml  Cord  usually  in  the  anterior  column  of 
the  side  affected,  and  in  the  lateral  column  of  the  opposite  side;  whif^t,  on 
the  other  band,  local  lesions  of  the  Bpitml  Cord,  hb.  fwtu  t-arie*?  of  the  vertebrae, 
or  fmm  the  pressure  of  tumors,  produce  a  like  degeneratiofi  in  ceitaiu  tracts 
of  the  posterior  columns,  and  sometimt^a  nUo  of  the  lateral  columns,  ascending 
towards  the  Encephalon.  T[iu.s  it  appears  that  the  poderhr  fasciculi  are 
liable  to  this  secondary  degeueration  in  i\%e  ccntripetid  direction  only*  and  the 
anterior  in  the  c^ilnfuffat  direction  only  j  the  degent^ration  taking  place,  in 
each  case,  in  the  direction  in  which  tliey  ordinarily  transmit  nerve- force* 
The  mixed  endowments  of  the  laterai  columns  are  also  indicated  by  these 

t  phenomena. 
486.  We  are  not  required,  however,  by  the  adoption  of  tbis  view  of  the 
constitution  of  the  Spinal  Cord,  to  regard  its  Cephalic  fibres  as  of  a  dlffhr&nt 
order  from  those  which  pass  from  one  of  its  own  segments  to  another;  for,  con- 
sidering the  whole  of  the  Cranio-spinal  axis  as  one  series  of  eetUres,  receiving 
the  terminations  of  all  the  nerves^  its  longitudinal  fibres  are  equally  emnrntg- 
mral,  whether  they  establish  the  connection  between  the  nerve- root«  and 
vesicular  matter  of  two  adjacent  segments,  or  whether  they  bring  into  the 
8amc  structural  relation  the  parts  which  arc  furthest  removed  in  position. 
And  thus  we  may  regard  all  impressions  upou  the  afferent  nerves  as  first 
operating  upon  it  (ufiecting  the  consciousness,  or  not,  according  as  they 
reach  the  Sensory  Ganglia,  or  are  arrested  in  their  progress  thither);  and  all 
motor  impulses,  whether  purely  reflex,  or  originating  iu  volitional  direction 
or  emotional  excitement,  as  issuing  immediately  from  it  through  the  motor 
trunks.— If  such  be  the  ease,  it  df>es  not  seem  at  all  improbable  that  there 
should  be  a  difference  in  different  tribes  of  animals,  as  to  the  proportion. 
of  fibres  which  have  their  centres  in  the  Spinal  Cord  and  in  the  Sensorial 
centres  rciipectively ;  for  in  tho^  whase  ordinary  movements  of  progres- 
sion, etc,  are  independent  of  sensation,  being  perlormcd  through  the  retiex 
action  of  the  spinal  cord,  it  might  be  expected  that  the  chief  connection  of 
the  spinal  nerve  should  be  with  its  own  ganglionic  substance,  and  that  ih© 
bulb  of  the  iibrous  eolumna  should  be  composed  of  commissural  fibres 
resembling  those  which  intervene  between  the  separate  portions  of  the  gan- 
glionic tract  of  the  ventral  cord  of  Artlculata;  whilst  in  like  manner  it 
k might  be  anticipated  that  in  man,  so  large  a  part  of  whose  movemeuts  are 
performed  in  obedience  to  a  mental  stimulus  and  under  the  guidance  of  sen- 
fftlion,  the  longiludinai  strands  shouhl  be  chiefly  composed  of  fibres  that 
llbectly  connect  the  Sensorial  centres  with  the  roots  of  the  spinal  nerves, 
floci^ll  difference  would  appear,  from  the  comparative  researches  of  MM, 
"^fWfcsianu  and  Kolliker,  to  exist  between  the  structure  of  the  Spinal  Cord 
of  the  Hiirse  and  that  of  Man. 

487.  The  MeduHa  Oblongiita^^  or  cranial  prQlongation  of  the  Spinal  Gordi 


1  Bi*e  bis  Memoir,  Ueb<*r  semndiirft  Krkninkung  einzplncr  Rfioken5=mnrl*BstTaTij:;& 
and  jhrt*r  Furt*eixungeri  ?iiim  GehirnQ,  in  lH'nk5chnfi<*n  dcr  Kaisprlichon  Akiitkmie 
iter  Wi&a«naditif'tcn,  Wieti,  J  851  ;  alMi  Z^iiUtUrift  der  Go&eli.  der  Acrize  eu  Wien, 
Bund  \%,  Heft  10. 

*  For  good  Hccounti  of  the  oTintoTny  f*f  the  Mfduilii  Oblangntn,  *pg  Dr*  Jolifi  Roid, 
in  Edinh.  Mc-d.  »r»tl  riurg  J-iur.,  1841,  Mr-  L.  Clarko  in  Itie  l*hiL  Tnvns.,  18rj8.  voL 
i,  Biid  \m%,  Y\.  »,  wnd  Dr  Jnhn  Denn,  8vo  .  \%m\  St^brodt-r  v.  d.  Kolk,  Sjd,  feJoc. 
Trims. ;  Mpynert,  Art.  Bmin  <tf  MHOimuljn  iti  iitrieker'i  Hum.  «nd  Cgmp.  Hi&tqlogy, 
Sjd.  8oc.  Tratia.,  vol,  ii,  1872/  p.  367. 
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whk'h  brings  k  into  connection  with  the  Encephalic  centre?  '     "    '    jukJ^tll 
the  pecniiur  arrangement  of  its  fibrous  strandi*  and  of  its  i  t^y  a 

t€r;  anri  also  by  the  peculiar  distribution  and  endowments  of  tW  ncnreai  < 
tiected  witb  it  The  anatomical  boundaries  usuallj  assigned  U>  il  Af«  tikr 
Pons  VarDlii  above'  and  the  Occipital  toramen  below;  but  thiem  littilt  ah 
mi  rely  artificial,  and  tor  physiological  purpose  the  coiiTse  of  it9  fibres  tut 
be  traced  much  higher  The  part  thus  marked  out  has  a  bulUike  Inns, 
and  presents^  like  the  Cord  of  which  it  is  the  eontinuatioo^  a  postenoc  m^ 
an  anterior  median  fissure.  The  former  is  deep  and  narrow,  extrodiiiit  Id 
the  pt>3terbr  border  of  a  layer  of  commissural  fibr^  which  fortuit  ihie  Ami 
of  the  anterior  fissure.  Tht*  latter  is  wider  and  le^ss  deep  ;  and  its  i%Milimitl| 
with  the  anterior  fi Ensure  of  the  Spinal  Ckird  is  interrupted  by  the  drctntiakA 
of  the  Anterior  Pyramids,  which  is  marked  externaily  by  the  ctvmao^  d 
from  three  to  five  bundles  of  fibres  from  raich  side  over  to  the  other.  Tbii 
decu.s5jition  may  be  considered  as  the  phyeiologieal  boundary  l»*rtwreo  tht 
Medulla  Oblongata  and  the  Spinal  Cord.     The  BUrface  of  each  Utetvl  iii^ 

is  furrowed  by  grooves^  whieh  oviil  ii 
marking  out  the  several  straDcU  of  oenm- 
fibres  that  may  be  duslinguiashrci  tytt  dlkf 
i*ide  r  these  are— i.  The  Anterior  Pynuni^i, 
or  Corpora  PtframiiinluM ;  ll,  Tlir  OUvmt 
Bodies,  or  Curpura.  Olivarut  i  ill.  Tin*  f 
eral  Columns;  iv. The  Tubereli« t*f  KjiI 
or  Tuherctdi  Cinrrei  ;  \\  The  Re 
Bodies,  or  Corpora  Re^iiformia^  ittiicni 
called  Proot^tts  it  Ccrebtilo  ad  Jfei/iite 
Obiotifjahtm ;  \i.  The  Poster ior  Pynmidk 
or  Cofjxira  lyramidaiia  PofitmoreL  i(S» 
Fig.  21;2.)— The  connections  of  thrsie  nil! 
the  Brain  above,  and  with  the  Signal  Oinl 
below  I  will  be  presently  trac^.  The  \ 
ular  substance,  on  the  other  hand,  is  pHncipally  aggregated  in  ibn**^ 
of  ganglionic  centres;  of  which  the  aiderior  forms  the  nucleus 
body,  the  lateral  of  the  Hestiform,  and  the  ptyslmor  of  tht  J 
rami  da  h 

4S8.  The  Anteri<yr  ^framUls  (i)  consist  entirely  of  librciiift  etnhtiim  i 
establish  a  communication  Ijetweeu  the  **  motor  tract ^'  (Fig*  -  '  tfcil 

Crura  Cerebri,  and  the  anterior  and  anterolateral  columns  *  .   ,,.     ^^ii 
Cord,     The  principal  jiart  of  their  fibres  decus«Mite;  and  ttii^se»  m»  thti  [ 
from  above  downwards,  dip  away  from  the  anterior  surfaet^  of  the  ConXi 
connect  themselves  with  its  midtlle  or  intend  columns,  instea<l  of  wiik  i&i 
anterior,  as  was  pointed  out  by  Efjsenthal/  and  more  fully  dfaic^nWi  fcf 
Dr,  J,  Keid  ;*  and  some  fibres  are  stated  by  Mr.  J,  L.  Clarke,*  t<»  pA**tJitt  I 
the  posterior  columns  and  j>osterior  gray  sulistance,     A         "      irl<ififeJ 
fibres  of  the  pyramidal  columns^  however,  do  not  decki  :  pwwplj 

downwards  on  the  same  side,  into  the  corresp*mding  anierior  cuimuitai  althil 
Spinal  Cord. — IL  The  Olivary  bodi^  are  composed  of  fibrous  ^tivodii,  iuf^  J 
ing  a  large  gray  motor  nucleus  (Fig.  213,  o  g)  on  either  side.     Tbe  ti}ifiid  | 


€kl^fr%ft. 


Lftt«raJ  view  of  ifai?  UifclLiUsOMungaU: 
ur  tubemuIu-Ciii^rcKp;  ^f  iCarput  reslifurmei 


I  FRmi  which  it  i»  ai^puratcd  Ut^ratly  id  tininmU  by  h  btimii  t>»n4  t#roic4  tit  tlB*  I 
|i«lEiym,  but  in  mim  by  h  grciove ;  tliw  triipi'iium  ffirmtn;:  tht*  pii^itritir  tMtvi*^  *f  !*•  ! 
Vum.    Si^e  L.  Clnrkv,  Proceed.  H^ty.  i^*c.,  vol.  it,  p.  StSO. 

>  Kin  BL'ilrttgziir  Enir^ptinlotuiBtUf  VVuitriMr,  1815. 

>  Kilmb.   Mf.3.  and  ii^urg.  Juurn.,  Jhh.  1811;   nnd   Pbyfti*»L^  P«4bt*l^,  ttJ  Atft- 
K^'^f'Hrcbe*,  ebwp.  viL 

*  Phil.  Tre^q^.,  1858^  p.  238  j  »e<3  dao  Meyneri,  op.  dl ,  p.  6*2S. 
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continuation  of  tho  former  divider,  while  pai?smg  througb  the  Pons  Varolii, 
into  two  b£tnd^  one  of  whifh  pr^jceed^  upwards  aod  ibrwards  as  a  part  of  the 
"motor  tract"  (m  t)  of  the  Crua  Cerebri,  w*biist  the  other  (o)  proceeds  upwards 
and  backwards  to  reauh  the  Cor- 
pora Quadrigemina  (c, d).    The  fio. 21a. 
Olivary  columns  are   contiuu- 
ous  interiorly  with  the  antero- 
iateral  columns  of  the  Spinal 
Cord,    Their  vesicular  nucleus, 
which  IS  known  as  tlie  **  C<trpm 
dentatumt'  and  which  appears 
first  adiongst   tiie    network   of 
fibres  into  which   the  anterior 

cornu  is  resolved  and  the  outer  — ^  A^>!t*^/  ^ ''^/  ^i  ^^^Mm 
portion  of  the  anterior  coluiun 
mtmB  Ui  be  intimately  con  nee  ted 
with  all  the  surrounding  parts 
of  the  Medulla,  chiefly  through 
the  arciform  system,  which  will 
presently  be  descrilied  ;  and  Mr. 
Loekhart  Clarke,  though  he  has 
never  been  able  to  trace  any  im- 
mediate conneetion  between  the 
cells  of  the  nuclear  la  mi  me  and 
the  roots  of  the  nerves^^even 
In  the  case  of  the  hypoglos- 
sal nerves  which  pass  directly 


:/' 


Dlaif^i  doD  of  thfi  Hcdulhi  OblQngnta^  toi  ilid^w  the  eon* 
n  re  [loot  of  lu  ti^veral  Ntrmadji:  a,  eorpiM  At  rial  um  t  B, 
UiPilADius  nplLcu*  ;  c,  d,  corpora  quAdrlK«m1iti:  K,  cnm' 
ml^lIrecoanl€!ettag  tb^rn  wUK  Ihe  ccrtMluin ;  f,  forporii 
rc<itirormia;  »»,  f»,  iwna  Vari>!li ;  t  l^  *  (,  «eij*my  trad  ; 
m  I,  m  tf,  mtitor  I  fact ;  ff,  oJitBrf  tmct ;  p,  pyrsmtdRl  tracl  j 
(if.  olkarj  fianfUoii;  vp.  ujsUc  nerriit  am^  ruot  of  th« 

through  them — yet  is  incli  ned  to  ^^^^  i^^f  tmut^r) ;  a  *,  *eiia«ify  root  of  the  tah  p«ar. 
regard  them  as  the  co-ordinating 

cen  t  res  fo  r  th  e  d  i  fFe  re  n  t  ga  n  gl  ia  o  r  n  u  clei  of  t  he  Med  u  1  la  Obi  o ngata. *  Sch  roder 
v*  d.  Kolk  is  disposed  from  many  considerations  to  regard  these  bodies  as  the 
nervous  centres  on  which  the  symmetric^il  movements  required  in  speech  or 
the  articulation  of  the  voice  are  essentially  dependent,  "iii.  The  lateral 
columns  (/c.  Fig.  212),  Fuisceaxu^  intermedimre^  of  Longet,  decussate  below 
with  the  anterior  pyramids.  Ascending,  they  assume  the  form  of  triangulaj* 
columns,  the  a[jex  of  each  appearing  at  the  surface^  the  base  being  opposed 
to  the  one  of  the  opposite  side,  and  projecting,  covered  with  gray  subsiance, 
into  the  floor  of  the  fourth  ventricle.  Behind,  they  are  in  contact  with  the 
restiform  bodies,  and  in  front  with  the  olivary  bodies.  At  their  upper  part 
they  tri furcate,  one  portion  curving  outwards  to  enter  the  middle  peduncle 
of  the  cerebellum,  the  other  two  aeparatiug  from  one  another  to  allow  of  the 
passage  of  the  superior  peduncles  of  the  cereh*;llum  and  part  of  the  resti- 
form columns,  the  inner  one  ultimately  reaching  the  cerebral  pedundes  j 
the  out^r  one  forms  a  transverse  commissure  behind  the  Corpora  (^tdri- 
gttninu. — iv.  The  gray  tubercle  of  Rolando  {t  e,  Fig.  21 B)  is  simply  the  ex- 
panded eilretnity  of  the  poi^teri or  cornu  of  the  gray  substance  of  the  Spinal 
Cord,  now  appearing  on  the  surface.^v.  The  Itejstifonn  bodies  each  consists 
of  fibrous  strands  (f.  Fig,  213)  inclosing  a  gray  nucleus.  The  fibrous 
strands  pass  upwards  into  the  Crura  Cerebelli ;  whilst  below  they  are  chiefly 
cantinuous  with  the  posterwr  columns  of  the  Spinal  Cord,  having  also  some 
connection  with  the  posterior  part  of  the  middle  columns.  These  Cerebellar 
eolumus,  moreover ,  communicate  with  the  outer ior  columns  of  the  Bpinal 


1  Op,  cit,  p,  245. 


Dp.  eit.,  p.  148  et*eq. 
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Cord  by  a  baod  of  "areiform"  fibres,  vihose  connections  were  first  iiiitinctly 
de^-riUed  by  Mr.  Solly;*  of  tlie&e  there  is  a  eu[»erficial  set  which  unites 
itself  with  the  pyramidal  columns,  and  a  deep  set  which  comes  into  relation 
with  the  olivary. — vi.  The  Fmitrlor  Pyramids  are  Jiearcely  distinguidmble 
externally  from  the  Kestiform  bodiee,  of  which  they  were  formerly  described 


Fio*  214--S«!tlon  mjiAa  oppfHlte  Flmt  Pftir  of  C«rf  leal  K^fVfs.— Tli«  foUowitig  reft?rf*»»ee^  Ittdtcnto  tfi« 
lama  pdrta  in  Fi^.  217-223 :  a,  snlerlcjr;  p.  posterior  rtiot  of  Spinal  Nt'f  vii ;  i,  i,  anlfrior  wliUe  cultiiuu; 
«.  Ihjstcrior  wblto  culNiim  bl^Jw,  but  in  iW  litgher  s^^ctlonfl  rtwLifurm  bodf  :  b  6,  jHHterlur  tiynmiidt: 
0.  gray  TubPTck  of  Kulandf):  Ifijf,  Hvp^itflaual  Kefirp;  ^^.  ^r.,  spinal  Aecetsurj  Nervo;  V^  rucum^ 
gutrk  NtfrTP ;  ffp,  (Jl&«sa»i»harxtigi.'Al  Kerf*?. 

Flo*  2i^— Si'critm  pM^^Ing  Itiroitgh  upp^r  flbreaof  orlglii  of  Fl»t  P^lr  of  Cerrlcal  Nerviu. 

Fid.  2i@.— SeclbiJ  psnlnf  a  quarter  of  an  Inch  bblow  Ollvarj  bodies. 


as  a  constitneut  part;  they  form,  however,  the  immediate  boundaries  of  tbe 
posterior  median  fissure;  and  whilst  superficially  markeii  off  fn>ni  the  Resti- 
form  bodies  by  a  slight  groove,  are  more  completely  separated  from  them 
by  their  anatomical  relations  to  the  parts  above  and  below.  Their  fibres 
establish  a  connection  between  the  sensory  tract  {f  I,  s  i)  of  the  Crura  Cere- 
bri, and  the  posterior  part  of  the  lateral  columns  of  the  Bpinal  Cord,  some 
of  them  passing  atso  into  iti?  jwsterioi*  columns.  These  fibrous  tracts  are 
stated  by  Mr.  Sully"  and  Dr.  Radclyffe  HalP  to  decussate,  partially,  at 
least,  whilst  passing  ihrough  the  Pons  Varolii.  The  arciforra  fibres  {af. 
Fig-  212)  here  seen  crossing  the  Medulla  nearly  at  right  angles,  just  beloV 
the  olivary  bodies,  which  indeed  they  partly  cover,  have  been  shown  by 
Mn  J.  L.  Clarke  to  be  only  a  superficial  portion  of  a  very  important  autl 
extensive  order  of  commiasural  fibres  (well  seen  in  Figs.  217--219),  the  bulk 
of  which  is  much  more  deeply  placed,  and  which  not  only  connect  the  op- 
posite halves  of  the  Medulla  Oblongata  by  traversing  the  raph^,  but  at  the 
same  time  form  the  means  of  communicaiion  between  all  the  parts  of  each 
separate  half,  the  netlike  arrangement  of  the  fibres  being  everywhere  inter- 
s])trrsed  with  innumerable  cells  of  varied  shaf>e  and  size,  from' which  many 
of  the  fibres  may  be  seen  to  ariee. — The  gradual  development  of  the  several 
centres  of  gray  substance  in  the  Medulla  Oblongata,  and  the  relations  which 
they  bear  to  the  Cerebral  nerves,  most  of  which  take  their  origin  from  this 
part  of  the  Spinal  axis,  may  be  rendered  intelligible  by  a  comparison  of  the 
following  diagrams. 

The  first  section  here  shown  (Fig,  214)  is  made  at  the  level  of  the  lower 
fibres  of  origin  of  the  first  Spinal  nerves.  On  comparing  the  shape  and 
position  of  the  gray  substance  with  its  appearance^  as  shown  in  Fig,  207,  it 
will  be  observed  that  the  whole  of  the  gmy  substance  is  here  placed  more 
anteriorly  in  that  section ;  that  the  posterior  white  columns  (o  and  h)  are 
of  large  size,  whilst  the  anterior  and  antero^laters.1  columns  are  eomfmra- 

«  FbiWophicttI  Trftn*iiotion»,  1830.  *  The  Htimsn  Braia,  2d  t*dit.,  p.  24S. 

*  Edinb.  Mtd.  nod  hurg.  Journ.,  July,  IBil^  pkte  vii. 
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lively  small.  In  Fig.  215  the  gray  s«bj*taDce  is  seen  to  have  relatively  m- 
creaaed  in  size,  but  to  have  become  somewhat  broken  up.  On  each  side  of 
the  posterior  median  fissure  a  remarkable  longituditml  oolomn  {b)^  contain- 
ing gray  matter  in  its  ioterior,  termed  the  **pyraraida]  colunm,**  is  begin- 
ning to  apjiear;  a  second  Bweirmg,  sitnated  ou  the  Cervix  a  little  more 
externally  to  that  just  mentioned,  indicates  the  commencing  appearance 
of  the  restiform  nucleus;  still  more  externally^  the  Caput  Coniu  maybe 
seen  to  be  detached  and  thrown  aside  from  the  rest  as  a  distinct  mass, 
which  is  traversed  successively  by  the  vagus  and  glosso- pharyngeal  nerves^ 
and  then  becomes  the  principal  nucleus  of  the  seuKJry  root  of  the  fifth  pair. 
The  decussation  of  fibres  proceeding  from  the  deeper  part  of  the  lateral 
column  (between  p  aud  a^  Fig.  214)  to  form  the  anterior  columns  is  also 
here  well  seen,  auil  the  central  gray  sub:?tauce  has  reassumed  a  triangular 
.•&rm.  In  the  next  section  (Fig.  2iG),  made  about  J  of  an  inch  below  the 
^Wlvnry  bodies,  the  gray  matter  of  the  posterior  pyramids  ib)  on  either  side 
of  the  posterior  median  fissure,  is  seen  to  have  considerably  increased  in 
site ;  the  slight  swelling  at  the  base  of  the  Cervix  is  also  now  much  larger, 
and  has  become  the  gray  uucleu;*  of  the  re^tifc>rm  bodies  (o),  whilst  what 
was  the  Caput  Cortiu  is  pushed  .^tiil  further  f(trward% 
and  forma  a  great  mass  of  gray  matter  at  the  side  of  fig.  ^i?. 

the  cord  known  as  the  Gniy  Tubercle  of  Rolaudo  j       ± 

(e,  Fig.^  217,  218).  The  commissural  direction  and 
arrangement  of  the  fibres  of  the  anterior  pyramids 
are  also  still  apparent.  They  come  pHnci pally  from 
the  central  gray  substance,  and  scarcely  at  all  from 
the  lateral  columns.  On  making  a  section  just  below 
the  olivary  bodies  (Fig,  217),  the  gray  matter  ia 
found  to  occupy  almost  the  whole  of  the  posterior 
pyramids  (b)^  and  a  large  portion  of  the  restifonu 
bodies  (a),  whilst  a  most  delicate  and  complex  system 
of  interlacing  fibres  surrounds  the  central  canal. 
The  gray  tubercle  of  Rolando  having  increased  in 
size  and  reached  the  surface  of  the  Medulla,  appears 

m  a  dark  streak  {t^  c,  Fig.  212);  the  portion  of  the  anterior  column  which 
does  not  decussate  has  been  left  while  on  the  right  side  of  this  drawing. 
Two  minute  dark  spots  may  be  noticed  near  the  bottom  of  the  |>iwLerior 
fissure  j  these  are  imbedded  in  the  mass  of  cells  forming  the  chief  gangli- 
onic centres  of  the  spinal  accessory  nerve,  though  other  and  extremely  tine 
rootlets  belonging  to  these  nerves  may  be  traced  arising  from  the  lateral 
gray  substance  and  base  of  the  anterior  cornu  of  the  spiJial  cord  or  tractus 
intermediolateralis,  and  issuing  with  the  [josterior  wotnoi'  the  Spinal  nerves 
as  low  down  as  the  sixth  or  seventh  cervical  vertebra.  Fig.  218  is  taken 
from  a  section  made  through  the  lower  part  of  the  Olivary  body.  The 
posterior  pyramids  {b)  still  contain  much  gray  matter,  and  the  rcstiform 
nucleus  and  gray  tubercle  of  Rolando  are  strongly  defined.  The  small 
central  canal  has  become  closely  approximated  to  the  bottom  of  the  poste- 
rior median  fissure,  aud  on  either  side  of  it  are  the  ganglionic  masses  from 
which  the  spinal  accea^ory  oerve  takes  its  origin,  whilst  imme<1  lately  in  front 
of  it  are  two  dark  spots  containing  large  multipolar  cells  indicating  the 
ganglia  of  origin  of  the  hypoglossal  nerve,  other  fibres  of  which  last,  like 
those  of  the  epiual  accessory  nerve,  may  be  traced  downwards,  and  arise  fmm 
the  upper  remains  of  the  anterior  cornu,  whilst  a  few  of  the  superior  fibres 
cross  the  rnph^.  Anteriorly  the  windings  of  the  corpus  dentatum  or  olivary 
nucleus  are  visible,  with  a  remarkable  set  of  ganglionic  cells  indicated  by 


&;*<?llon  Immediah'ijf  bclciw 
Olivary  bodiM. 
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0,  cofistitutihif  the  vaso-raotor  centre,*  and  termed  tbe  antero*(ateral  nuetetiiL 
These  are  counected  together  by  a  network  in  the  lateral  column,  and  by 
nerve-lib  res  from  the  Tubercle  of  Rid  and  o.     The  whole  central  part  of  the 

fray  substance  of  tbe  Medulla  is  shown  to  be  composed  of  coram ii^sural 
undies  constituting  the  deep  system  of  arciform  fibres  described  by  Lock- 
hart  Clarke,  The  decus^sation  of  the  anterior  pyramids  is  here  much  dimin* 
ished  ;  for  the  fibres  they  derive  from  the  lateral  columns,  wbicli  at  first  were 

Fio.  211.  Fio.  219. 
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Flo.  11$.— Settian  Uinnigli  lower  pirt  of  OlfTmrr  l>^r. 
Flo,  21t.--SectIc(fl  lliruaKb  poltit  of  Ctlmiia*  ScrlHorlai. 
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their  principal  source,  have  become  comparatively  few;  whilst  thos^j  that 
proceeJl  frt)m  the  posterior  columns  and  centra!  gray  substance  have  been 
gradually  increasing  in  number,  though  not  in  a  eorresimnding  [iri^ps^riioD. 
The  fceciioii  shown  in  Fig.  2iy  is  carried  through  tbe  Medulla  juhi  ut  the 
pfiint  of  the  Calamus  Surmtorius,  and  shows  that  the  hypoglo?k^al  ganglia 
have  retreated  somewhat  backwardj  pushing  the  ma^  of  ganglionic  celb 
from  which  the  spinal  accessory  arose,  but  which  now  constitute  the  origin 
of  the  Pneumogoiitrie  Nerves  (v),  to  some  extent  outwards,*  The  posterior 
pyramidal  ib)  and  rest i form  ganglia  (a)  have  increased  in  mn%  antl  by 
their  lateral  expansion  form  nearly  one  continuous  mass  on  each  eide  of  the 
Medulla,  which,  from  the  close  interlacement  of  their  fibres,  presents  a 
spongy  appearance,  numerous  cells  being  contained  in  the  interstices.  In 
a  recent  paper  read  before  the  Royal  8ocieiy»  Mr.  Lockhart  Clarke'  hm 
made  one  or  two  additions  to  the  foregoing  statement  which  may  be  here 
noticed  and  will  be  understood  from  an  examination  of  Fig.  22(K  It  will 
there  be  seen  that  between  the  hypoglossal  and  spinal  accessory  nuclei,  tbe 
cells  of  which  are  intimately  connected  together  by  communicating  pro- 
cesses, a  small  group  of  cells  exist  (7a),  forming  the  attenuaterl  point  of  a 
fusiform  tract  which,  augmenting  as  it  ascends,  insinuates  itself  between 
the  hypt "glossal  and  the  !<|)inal  accessory,  now  become  the  ?agal  nucJeuii  (b), 
and  that  still  higher  it:)  h  has  attained  a  large  size  and  forms  in  conjunc- 
tion with  another  small  vesicular  tract,  also  situated  to  the  inner  side  of  the 
hypoglossal  nerve,  the  fasciculus  teres,  which  lies  on  either  side  of  the  nmlian 
line*  This  tract  constitutes  tbe  nucleus  of  the  seventh.  Intimately  con* 
nectetl  with  the  nucleus  of  the  seventh  and  with  that  of  tbe  glosso-pharyD- 

feal  by  meanij  of  long  fibres  are  the  eel  U  which  form  the  motor  tract  of  the 
fth,  and  which  may  be  traced  below  the  level  of  the  middle  of  the  oli%*ary 
bodies.     The  section  displayed  in  Fig.  221  k  carried  through  tbe  upper  part 


t  Bitlmar,  Ludwie's  Arbeiten  fur  1873,  p*  116, 

'  Tbe  vps»R'ul»r  colmnn  wbicU  gives  origin  U*  tbe  flhres  of  the  ppiniil  iicce**opT,  b»» 
OfliMi'^  iKp  centra  for  the  Ytigui»  iibnut  llru  lovet  of  the  MjiddbolT  thts  oUvury  LKHli«t» 
•  Pljil.  Trans.,  1868,  pi.  i,  p.  283.  ~ 
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of  the  Medulla  Oblongata,  and  shows  the  Glosso-pharj-iigeal  anting  at  a 
higher  level,  but  frcim  the  same  series  of  gai)glionie  cell^  as  those  frooi 
which  the  Spinal  Acces«sory  aod  PDeumogastric  roots  have  suceessively 
arbeu,  aod  which  are  now  euuk  beneath  two  new  massea  of  veBicular  sab- 


Fl<».  230. 


Fio,  221, 


U* 


Flo.  220'.— ^Dln^miti  showing  tb«  pcxiltlfiii  of  tlie  Ifuclei  in  the  Mf^uHa  Ob]{>ngatiii  a,  at  the  end  uf 
the  lower  tUlrtl  of  tbe  olltury  b^f ;  K  *t  ^^^  middk  of  ihe  alivarj  Wdy ;  e,  at  thu  upper  extroniU;  of 
the  oJUary  budy;  r,  HypoglOHsl;  i  A,SpiEi»|  Aqc««»ory ;  v»  Vfcgiiij  7,  Foilio  daraj  5,  Moior  ro<ii*f 
tbeOfUi, 

Flo.  221  .—Section  tbrougli  upfier  part  of  tbe  Mediillft  Obloiigatft. 

itaoce  from  which  tbe  Auditory  nerv^  take  their  ori/^in.  The  Auditory 
nerve  iL^elf  U  seen  to  divide  iuto  two  portioi»s,  one  curving  rouod  the  side 
of  the  Medulla,  and  forming  the  well-kuown  traniveree  elevation  on  the 
ioor  of  the  Fourth  Ventricle,  to  terminate  in  the  inner  or  pc^sterior  audi- 
tory nucleus  and  to  same  extent  in  the  outer  Ducleua,  the  other  dipping  into 
the  suhstftQce  of  the  cord  in  front  of  the  Regtiform  body  to  reach  the  outer 
nticleus  formed  by  the  summit  of  the  posterior  pyramid  and  api>arently  by 

Flo.  WL  Pio,  223. 


A-^^^-~ 


Flo.  222.— Longitudinal  Hction  of  the  H^ulla  ObloDgnta ;  o,  pyTironn  graj  subBtaricfl  of  th«  reili- 
t&rm  «lid  [H>sU|4rrAtD{«lil  bitdlvs ;  p,  inperflcUl  f^taj mivtAUte oi  tbe  restUuriti  bodjr ;  b^  poi^tertuT  pytm" 
mid^  b\  iii  gfAy  suliatsDce;  ff,  lagal  nudeu^;  ;,  tipinal  acce^si^rj  Dudfut;  fi^AUndi^r  column  parttc- 
tdarlT  cotaucck'd  wlib  tht-  ^losaopharTTigeal  nod  wltb  the  ¥agal  and  Jploa!  accessory  rooti  of  origlB, 

Fltt.  tZ^l.-^etcUoD  made  ibrough  the  summit  of  ibp  ^tedulU  O^ktngala. 

part  of  the  nucleus  of  the  Pneumogastric  nerve.  The  ganglionic  cells  which 
give  origin  to  the  njotor  root  of  the  fifth  nerve  are  here  veiy  apparent.  If 
the  parts  just  described  are  examined  in  longitudinal  section  the  appear- 
ances are  thoee  shown  in  Fig,  222,  and  are  thus  dej^cribed  by  Mr,  Lock - 
hart  Clarke.*    If  the  posterior  pyramid  b,  b'  (on  the  left  side)  be  carefully 


t  Bi!^carch«9  on  the  IntimAl^  SUucturG  of  the  Brain.    Second  Seriea,    Phih  TraDi. 
Ptrtip  1868,  p.  267. 
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d»s8Gcte<l  from  tlie  restiform  body  from  below  upwardly  and  be  thrown  for- 
wardi?.  the  tract  will  be  expo^d  from  which  the  spiual  accessory  and  piieu- 
raogastric  nerves  arise*  The  part  indicatetl  by  t  h  the  nucleus  of  the  :^piual 
accessory  nerve.  The  o%^al  niai^,  ^^  marked  off  by  the  dotted  line,  i$  the 
inner  and  posterior  portion  of  the  viigal  nucleus.  Continuous  with  the  pre- 
ceding^ and  expo==ed  at  the  point  of  the  calamus  scriptorius  by  the  divergeuGe 
of  the  posterior  pyramid,  I,  is  its  inner  and  more  anterior  portion,  covered 
like  the  spinal  accessory  uucleug^  t^  Jower  down,  by  the  posterior  py  rain  id, 
m  seen  in  Figs.  218  and  219.  Its  upper  point,  v},  forms  the  principal  nu* 
deuii  of  the  g I osso -pharyngeal  nerve.  Along  the  outer  and  anteritir  part  of 
this  gray  tract  is  a  slender  longitudinal  white  column,  which  is  hwlged  as  il 
were  in  a  groove,  and  which  tapers  to  a  point  as  it  descends  ohliijuely  inwards 
along  the  base  of  the  posterior  pyramid  to  the  mesial  line.  In  its*  upward 
courtjie  it  lies  along  the  inner  edge  of  the  pyramid,  and  joins  those  Hbres  of 
the  latter  which  pass  into  the  anterior  or  outer  auditory  nucleus.  On  the 
outer  side  of  this  slender  white  column  is  a  somewhat  fusiform  mass  of  gray 
substance  (o)  imbedded  in  the  inner  side  of  the  resiitbrm  body,  and  ex|)osea 
by^  the  removal  of  the  posterior  pyramid.  From  the  nppt?r  extremity  of 
this  mass  a  thin  but  broad  layer  of  fibres,  mixed  with  some  gray  substance 
(p),  radiates  upward  and  outward  on  the  restiform  body.  The  deep  origins 
of  the  fifth,  sixth,  and  Portio  Dura  of  the  seventh,  a  re  further  shown  iu  thd 
section  Fig.  213,  The  ^ixtb  and  Portio  Dura  seem  to  form  almost  a  loop, 
and  to  be  contiuuous  with  each  other  through  a  common  ganglionic!  centre 
from  whence  they  arise,  situated  above  but  in  the  same  line  with  that  of  the 
hypoglfissal,  and*  both  may  be  traced  to  the  superficial  gray  layer  of  the  fas- 
ciculus lere^,  but  each  of  these  nerves  has  besides  a  8e|Mirate  rmuleus  of  ita 
own.  When  the  pjftio  dura  of  the  seventh  nerve  reache^s  the  fiiscicuhis 
teres,  as  shown  in  Figs.  223,  225,  it  runs  longirudumlly  down  the  medulla, 
and  after  a  very  short  course  again  bciub  transversely  Jorumrd  to  form  a 
loop  along  the  side  of  the  median  furrow.  The  summit  of  thU  curve  cou*«ti- 
tutes  the  longituiltnal  bundle  of  fibres,  of  which  the  oval  cut  end  is  seen  united 
by  a  bridge  iu  the  figure  just  below  the  words  fourth  ventricle  (Fig,  223). 
The  loop  incloses  the  nucleus  common  to  it  and  the  sixth,  and  the  lower 
arm  of  I  he  loop  in  its  course  forwards  divides  like  a  brush  into  separate 
fibres,  which  plnnge  into  the  motor  nucleus  of  the  fifth  nerve,  and  into  the 
superior  olivary  body,  or  gray  nucleus  of  the  trapezium.  As  reganis  the 
sixth,  the  lower  fibres  arise  from  the  ganglion  common  to  it  and  the  portio 
dura  of  the  seventh,  and  also  from  the  gray  matter  of  the  fasciculus  t*ree, 
whilst  the  upper  fibres  arise  from  the  upi>er  and  inner  part  of  the  common 
ganglion,  which  may  here  be  regarded  bja  a  separate  centre  or  nucleus^ as  the 
outer  portion  from  which  the  portio  dura  prevmusly  an>se,  has  become  much 
attenuated,  and  ceases  to  give  origin  to  the  fibres  of  that  nerve.  The  close 
relation  which  exists  between  the  nuclei  of  origin  of  the  hypoglossal,  gh>?iso- 
pharyngeal,  spinal  accessory,  vagus,  taclal,  and  trigeminal  "nerves,  is  of  much 
mterest,  and  serves  to  explain  certain  symptoms  accompanying  various  fi>rmi 
of  paralysis,  in  which  the  muscles  concerned  in  deglutition,  vocallzatioi], 
articulation,  and  expression  arc  affected.  The  motor  and  sensory  rooi^  of 
the  fifth  are  separated  from  one  another  at  their  origin  by  the  Portio  Dura* 
The  connect  ion  of  the  motor  root  with  the  glosso-pharyngeal  nucleus  and 
with  the  fasciculus  teres  or  nucleus  of  the  seventh,  has  already  been  noticed. 
The  Posterior  or  Sensory  root  runs  down  through  the  front  of  the  gray 
tubercle  or  caput  cornu  posterior,  which  may  be  regarded  as  the  continua- 
tion  of  its  nucleus,  and  is  in  ma^t  intimate  relation  with  the  fibres  of  origin 
of  the  vagua  and  glosso-pharyngeal  nerves,  which  pass  through  this  portion 
of  the  fifth  nerve.    The  origins  of  the  fourth  pair  of  Cerebral  nerves  have 


been  shown  by  Mr.  Lockbart  Clarke  to  be  tmceable  on  either  side  through 
the  thiu  lamiiKC  constituting  the  Valve  of  VleussenSj  and  through  tne 
coltinin**  forming  the  lateral  boundaries  of  the  Aqyeduct  of  Sylvius,  to  near 
the  floor  of  the  fourth  ventricle;  whilst  the  third  uerve,  the  apparent  origin 
of  whiHi  h  from  the  hciut  rdqer  i>f  the  Cerebral  |)eduiiclea»  has  been  followed 
by  Stilling  to  a  gray  nucleus  underlying  tlie  Aqueduct  of  Sylvius,  aud  has 
been  shown  by  Clarke  to  be  in  dose  relation  with  the  gray  tubercle  into 
which  the  sensory  root  of  the  fifth  penetrates,  and  the  nucleus  common  to 
the  portio  dura  and  abducena  nerves.  In  order  to  complete  the  description 
of  the  origins  of  the  Cerebral  nerves,  it  is  only  requisite  here  to  mention 
that  the  second  pair,  or  Optic  nerves,  arise  from  the  posterior  part  of  the 
Optic  thalami  and  from  the  Corpora  Quadrigemina ;  whilst  tho  first  pair, 
or  Olfactory  nerves,  arise  by  three  roots,  the  outer  one  appearing  to  be  cou- 
nected  with  the  Corpus  Striatum  of  its  own  side,  the  inner  one  with  the  Lam- 
ina Cinerea  in  front  of  the  Optic  conimissure,  and  the  middle  oue  spring- 
ing from  a  gray  nucleus  in  front  of  the  anterior  perforated  space. — It  wul 
thua  be  seen  that  the  whole  seriea  of  the  Cephalic  nerves,  when  followed  to 
their  origin,  arise  from  gray  ganglionic  centres  situated  along  the  floor  of 
or  just  below  the  fourth  ventricle  and  the  base  of  the  brain.  These,  there 
can  be  little  doubt,  are  more  or  less  intimately  connected  with  one  another 
by  longitudinal  and  transverse  commissural  fibres,  and  establLib  the  exist- 


FsQ.  224, 


rof  the  Sesiory  tnct  teconllng  to  Sir  C.  B<?U :  a.  Pons  YarolM ;  b^  n,  secLEarj  tnct  Hpparated ; 
I  of  iMfttertar  e«Iiimtift^  to^  U,  pofterifirr  roula  of  spldd  ncr?ea;  s,  sen»Df  j  fOtiU  of  Gah  pair. 


ence  of  a  Sensory  tract,  the  activity  of  which  la  of  fundamental  im|>ortauce, 
as  will  hereafter  be  shown,  in  the  originatioD  of  ideas  and  of  a  certain  class 
of  movements  which  may  be  termed  "consensual  "  or  *'sensori-motor/'  The 
Pans  is  cbk^jiy  comjKiijed  of  trau-'^verse  fibres  which  constitute  the  great  com- 
mia&ure  nf  ibe  CerebeUum  ;  and  are  an  extension  of  the  arcitbrm  fibres  of 
the  medulla  oblongata;  and  these  fibres  not  only  mnvund  the  longitudinal 
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bands  which  connect  the  Cerebral  mass  with  the  Spinal  Cord, but  poMflkivifk 
them  so  as  in  some  degree  to  isolate  the  two  lateral  halves  from  one  anodNr, 
and  to  form  a  complete  septum  between  the  anterior  and  posterior  portMH 
of  each.    These  afUeriar  and  posterior  tracts  of  the  Crura  Cerebri  are  pn^ 

Fio.  225. 


Course  of  the  Motor  tract,  according  to  Sir  C.  Bell:  a,  a,  fibrcj*  of  the  Tlemlspherr,  cooTniciV  '• 
form  the  anterior  |K)rtiun  of  the  crus  cerebri;  b,  the  sanif  tract,  where  puslnK  the  crna cerebri;  c,lfc« 
ri^'ht  Pyramidal  Ixxly.  a  little  above  the  |K>{nt  of  decuMat ion  ;  d,  the  remaining  |Mirt  of  the  FouVt' 
rolii,  a  portion  having  been  dissecte<l  otf  to  ex|>ose  u. — 1,  o  I  factory  .nenre.  In  outline;  2»unUMio(€|tk 
nerves:  :t,:i,  motor  oouli;  4,4,  patheticu»;  />,  5,  trigeminus;  6.  6.  its  muscular  diTiaion  ;  7,  7,  tu seuvy 
root :  s,  origin  of  sensory  root  from  the|H)Hterior  part  of  the  medulla  oblonf^ta;  9,  abducent  oeuU :  1^ 
auditory  nerve;  11,  faoial  nerve:  12,  eighth  pair;  13,  hypoglossal ;  14,  spinal  nerres;  15, iplDal  IM^ 
sory  of  right  side,  separated  from  par  vagum  and  glosso-pharyngeal. 


ably  essentially  subservient  to  th^  motor  and  sensory  functions.  The  gray 
substance  of  the  Pons  is  arranged  in  a  peculiar  manner.  Its  cells  are  gen- 
erally round,  oval,  or  fusiform,  and  of  about  the  tt'oo^^  of  an  inch  in  diam- 
eter, and  are  so  connected  with  nerve-fibres  in  chains  or  bundles  as  to  fom 
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a  complete  network,  the  priiteipal  chains  of  which  have  in  general  a  longi- 
tudlnal  exteQsion,  and  follow  the  course  of  the  longitudinal  lasciculi  of  the 
aotenor  pyramidss.  The  general  relations  of  the  Sensory  tract  were  repre- 
sented by  Sir  Charles  Bell  in  the  accompanying  diagram  (Fig.  224),  in  which 
the  Medulla  is  opened  on  its  posterior  aspect,  the  restiform  columns  sepa- 
rated and  turned  aside  so  as  to  bring  into  view  the  posteriLir  pyramids,  some 
of  the  fibres  of  which  may  he  traced  upwards  into  the  Thalami  Optici, 
whilst  tliey  pass  through  the  posterior  pyramids  into  the  posterior  portion  of 
the  hiteral  columns^  and  al^o  into  the  pmterior  columns  of  the  Spinal  Cord. 
It  will  be  seen,  however,  from  the  foregoing  description,  that  the  posterior 
and  lateral  columns  of  the  Cord  to  a  great  extent  terminate  in  the  lower 
part  of  the  Jtedulla  Oblongata,  and  that  the  posterior  pyramids  and  resti- 
ibrra  bodies,  with  their  gray  nuclei,  are  ess?eiitially  new  fonrmtions,  the  real 
function  of  which  is*  as  yet  only  partially  determined.  The  3Io(or  tract 
(Fig,  22^7)  is  brought  into  view  by  simply  rais^ing  the  superficial  layer  of 
the  Pons,  and  following  upwards  and  down  vizards  the  longitudinal  fibres 
which  there  present  themselves.  These  fibres  may  be  traced  upwards  into 
the  Corpora  Striata,  and  downwards  into  the  anterior  pyramids  and  a  por- 
tion of  the  olivary  columns,  so  that  they  connect  the  Corpora  Striata  with 
the  unterhr,  and  with  the  anterior  portion  of  the  lateral  columns  of  the  Spinal 
Cord. 

439*  Nerves  o/theSpindl  Aj-u. — With  the  Spinal  Cord  (in  its  limited  sense) 
there  are  concerned  thirty-one  pairs  of  nerves  ;  each  of  which  corresponds  to 
a  vertebral  segment  of  the  body,  and  has  two  seta  of  roots,  an  anterior  and 
ft  posterior,  differing  in  their  functional  endowments,  as  already  described 
(S  401 ),  The  anterior  roots  are  usually  ihe  smaller ;  and  this  is  particularly 
the  case  with  those  of  the  cervical  nerves,  iu  which  the  posterior  roots  are  of 
remarkable  coaiparative  size.  In  the  first  Cervical  or  "suboccipital  "  pair, 
the  anterior  roots  are  sometimes  wanting  ;  but  there  is  then  a  derivation  of 
fibres  from  the  Spinal  Accessory,  or  from  the  Hypoglosi?al,  or  from  both, 
The  two  roots  of  llie  ordinary  Spinal  nerves  unite  immediately  beyond  the 
ganglion,  which  b  situated  ou  the  posterior  one ;  and  the  trunk  thus  formed 
s**pa rates  immediately  rnlo  two  divisions, — the  anterior  and  posterior,— each 
of  which  contains  both  afferent  and  motor  libr^.  These  divisions,  of  which 
the  anterior  is  by  far  the  larger,  proceed  to  the  anterior  and  posterior  parts 
of  the  body  respectively;  and  are  chiefly  distributed  to  the  skin  and  the 
muscles.  The  anterior  branch  is  that  which  communicates  with  the  Sympa- 
thetic nerve,^ — In  addition  to  these,  however,  as  we  have  seen,  the  cranial 
prolongation  of  the  Spinal  Axis  is  the  centre  of  all  the  cephalic  nerves,  the 
functions  of  which,  since  they  are  for  the  most  part  distinguished  by  the 
peculiarity  of  their  endowments,  require  to  be  separately  noticed. 

490.  The  pair  of  nerves  commonly  de?Tignflted  as  the  Fifth  of  the  Cephalic 
series,  or  as  the  JVitfemium^  is  the  one  which  more  nearly  resembles  the 
ordinary  Spinal  nerves,  than  does  any  other  of  those  originating  within  the 
cranium.  It  possesses  two  distinct  seta  of  roots^  of  which  one  is  much  larger 
than  the  other;  on  the  larger  root,  oa  on  the  posterior  and  larger  root  of  the 
Spinal  nerves,  is  a  distinct  ganglion,  known  as  the  "  Gasserian  f  and  the  fibres 
arising  from  the  smaller  root,  the  number  of  which  has  been  estimated  at 
9000  to  10,00(1,  do  not  blend  with  those  of  the  larger,  until  the  latter  have 
passed  through  this  ganglion.  The  trunk  of  the  nerve  sejmrates  into  three 
divisions, — the  Ophthalmic,  the  Superior  Maxillary,  and  the  Inferior  Max- 
illary ;  and  it  can  tie  easily  shown,  by  careful  dissection,  that  the  fibres  of  the 
smaller  root  pass  into  the  last  of  these  divisions  alone.  When  the  distribu- 
tion of  tliis  nerve  is  carefully  examined,  it  is  found  that  the  Jint  and  amond 
divisions  of  it  proceed  almost  entirely  to  the  Skin  and  Mucous  surfaces,  only 
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a  %^erv  small  proportion  of  tlieir  fibres  being  lost  id  the  inuR»Ieai ;  wHiUt 
hmndies  of  the  tJitrd  divisioo,  a  large  number  are  dmin^tly  Mia 
Hctice  analogy,  and  tlie  ikcis  supplied  by  anatomical  research,  wau' 
to  the  eonelusion  that  the  two  first  divisions  are  uerv<^  of  sepsAtioQ 
and  til  at  the  third  division  combines  sensory  and  mf>tor  eodciwmentf^    Si 
an  inftTonce  h  t'nUy  borne  out  by  experiment     When  the  whoJe  Irunk  b 
divided  within  the  cranium  by  the  penetnvtiou  of  a  sharp  instrtiment  ^whicli 
Magcndie,  by  freijuenl  pmctiee,  was  able  to  aecorapltsh)^  evident  ^gm 
acute  pain  are  given.     After  the  incision  has  been  made  tb rough  tb**  »km,j 
the  animal  remains  quiet  until  the  nerve  Is  louehed  ;  and  when  it  h  pm*^ 
or  divided,  doleful  cries  are  uttered,  which  continue  for  som^  timo,  *howiiij 
the  painful  effect  of  the  irritated  state  of  the  cut  extremity.     Th» 
seugibility  of  all  the  parti*  supplied  by  this  nerve  is  entifvly  dc^tr^vv 
affected  f<ide*     The  jaw  does  not  hang  loosely,  becatise  it  is  par' 
the  muscles  of  the  other  side;  but  it  falls  in  a  slight  degree; 
menu  are  seen,  when  carefully  observed^  lo  be  somewhat  obtitjuc.     If  ill 
trunk  be  divided  on  each  side,  the  whole  head  is  deprived  of  sensibility:  ^ni 
the  animiil  carriea^  it  in  a  curious  vat'i Hating  manner,  as  if  it  were  a  fon-i^ 
body.^ — If  the  anterior  or  Ophthahntr  branch  only  bo  divided,  all  the 
supplied  by  it  are  foimtl  to  have  lost  their  senaibility  ;  but  their  moijoiwtti*' 
uuinipaired;  and  all  experimenlg  and  pathological  obt'ervations  coiu:«r  ui 
attributing  to  it  sensory  endowments  only.    The  only  apparent  c3tcepti*>ii  » 
in  the  case  of  the  naso'ciliury  branch,  euice  there  is  good  r^son  to  b^tJicv^ 
that  the  long  root  of  the  ciliary  ganglion  and  the  long  ciliary  nerves 
inotfir  powers;  but  these  appear  to  be  deriveti  from  the  Sympit" 
the  Sd  pair     When  the  whnle  nerve^  orit^  anterior  branch,  i-  il  - 

rabbit,  the  pupil  is  exceedingly  contracted,  and  renmiua  imm  t  m 

dog^  aud  (ligeons  it  is  dilated.    The  pupil  of  the  other  eye  is  »cji  i  awl ; 

or,  if  its  dimensions  be  changed,  it  soon  returns  to  m  natural  state.    If Vi*- 

ball,  however,  speedily  becomes  inflamed  ;  aud  the  inflamuKiTTnn  u^tiriffv  nm- 
on  to  suppuration  and  complete  disorganization.    The  com  ^ 
changes  may  be  commonly  noticed  within  twenty -four  ho  u  I 
tion^j  and  it  is  probable  they  may  in  part  be  attributed  to  the  Want  ot  lb*i  pfiJ- 
tective  secretion,  which  is  necessary  to  keep  the  mucous  surfac'*  <S  ^\u^  vxa  iu 
its  healthy  condition,  and  which  is  not  formed  when  the  f^n«.  liit 

anrface  is  destroyetl ;  since,  as  SueHiu*  hos  shown,  if  the  eytj  be  v,.*^.  iu,..  jif^^- 
tected  fnom  the  action  of  external  and  injurious  agencies,  no  111  eflW<*  Aft 
observed.  Pathological  evidence,  however,  is  not  wanting  to  show  lh*t  tbi 
fifth  exerts  some  influence  over  the  nutritive  processes  in  the  parts  it  sujipl**^ 
which  is  probably  transmitted  through  the  vaso-motor  nerve*  it  conlaui*.'— 
The  Sitprrior  Maxillary  branch,  considered  in  itself,  is  equally  deslituto  » 
motor  endowments  with  the  ophthalmic  ;  but  its  conuection  with  otl*er  ucrv**, 
through  the  spheuo  palatine  ganglion,  or  rather  its  ans'-ttmu^HUTt.*  twiv^/mij 
intrwiuce  a  few  motor  fibres  into  it. — The  Inferti*r  J/  tlw 

only  one  which  possesses  motor  as  well  as  sensory  enduv.  jn ; 

but  its  different  subdivisions  pos8e*?s  these  endownieiii     i  f»^* 

tions,  some  being  almost  exclusively  motor,  and  othur-  n  ra 

sensory  character    The  latter  is  probably  the  nature  of  the  LI' 
and  there  seems  good  reason  to  believe,  as  will  hereafter  be  »h    ...  v^ 
that  this  ministers  not  only  to  the  tactile  sensibility  of  the  tongue,  bat  U*tk$ 

»  Ann.  d'CHniliat.,  ie*)o.  I  NiU  p.  118. 

«  Si^e  xon  Gral«,  Arehlv  f.  t^^plubul.,  185I-56,  p.  800;  Longot,  Ptiyiiologlf,  IW» 
vol.  li,  p.  4Bfl 

*  Silicic  ihi*  i^imglion  huff  hmn  #hown  by  Prlvci*t  to  be  titroly  «»n*orv.  [Bntw^ 
S^uard**  Arehtvefi  de  rhviiol,  18S8,  pp.  7  nnd  207.) 
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sens^  of  Taste-  The  muscles  put  in  action  hy  this  division,  are  solely  those 
concerned  in  the  musticatorj  luovenient*?. — The  Chorda  Tympanl^  though 
essentmllj  destined  to  excite  the  submaxillary  gland  to  action,  either  directly 
oriodirectly,  contains  motor  nerves,  distributed  to  the  muscles  of  the  Tongue.' 
The  .Sth  pair  is  counectcd,  io  different  parts  of  its  course,  with  a  number  of 
Bmal I  ga u gl  i a  bel  on g i n g  to  t h e  Sy ni  path e tic  system .  On e  o f  tb e  m  ost  i  u  te rest- 
ing of  these  ganglia  ta  the  Ophthalmic  or  ClUartj  (Fig.  22G|  39),  which  is  the 
centre  whence  the  eyeball  derives  its  supply  of  nerves,  sensory,  motor,  and 
sympathetic.  This  ganglion  derives  its  sensory  fibres  by  its  "long  root" 
from  the  nasal  branch  of  the  Ophthalmic  division  of  the  5tb  pair;  its  motor 
fibres,  by  the  *'  short  root  '^  from  the  3d  pair ;  whilst  by  another  small  root,  it 
IS  connected  with  the  cavernous  plexus  of  the  Sym|)athetic  system,'  and  ia 
thus  brought  into  relation  with  the  Bpinal  axis;  for,  according  to  Budge,* 
these  fibres  of  origin  for  the  Sympathetic  nerve  arise  from  two  centres  :  first, 
from  the  Bpinal  Cord  between  the  6th  cervical  and  the  3d  dorsal  vertebra 
(a  part  which  he  terms  the  Centrum  Cillo-fspinale  Infer! us),  the  fibres  from 
which  \\%^i^  upward  in  the  great  cord  of  the  Sympathetic  ;  aoJ  set:oDdly,  from 
another  centre  situated  in  the  Medulla  Oblotjgata,  in  immediate  proximity 
to  the  origin  of  the  Hypoglossal  nerve,  the  fibres  from  this  a^urce  passing 
into  the  siii^rior  cerviral  ganglion*  Valentin  maintains  that  some  of  the 
fibres  of  the  Inferior  Oho-spitml  ganglion  ascend  in  the  trunk  of  the 
Pneomogastric* 

491.  The  Third,  FonHh,  and  Stjdh  p«iirs,  together  make  up  the  apparatus 
of  motor  nerves,  by  which  the  muscles  of  the  Orbit  are  chilled  into  action.  The 
M  pair  supplies  the  levator  palpebri*,  the  superior,  inferior^  and  internal 
recti  ;  the  circular  fibres  of  the   Iris  and  the  Ciliary  Muscle,  or  Teusor 


^  Sw  VtilpiHn,  Gft«<!iie  HebdotnndAire,  IHTS,  No.  8. 

*  The  funetioTis  of  thi?i  g»T)c:Hnp  hmve  bfi«n  made  the  subjm^t  of  particulnr  invenl- 
gmlkJn  by  Dr.  C\  KHfic^lytfe  Hnll  (Edinb.  Med.  Mnd  Surg.  Jourriai,  1846-48),  whose 
i»i<»l  imjiortiint  repulu  ire  m»  folio wh  : 

1.  TtiH  »ize  of  the  ciliiirjr  sTHngllon  ia  ntwajK  in  direct  proportion  to  lb€  AettvHj  of 
the  iri*,  which  irj  ti*pn  iilwHysi  Efflrtt  it  direct  relrttion  to  the  strength  and  Hrulonft^ 
**f  »|»ion,  nod  to  tho  nfictiifTiiii  hnhiu  of  Ibe  animal,  ami  implies  n  proportionnte 
develofiment  of  the  irviertiMl  vastnilHr  »ippHrHtiia  of  Lh«  eye, 

2*  The  jc^Mtig^Jian  i^  n1wuy«  mf>re  inti mutely  oonnwt^d  with  the  3d  pair  th«n  with 
iny  oth(*r  ;  the  sj^e  of  the  schorl  rout  being  always  in  direct  relation  to  thjit  of  the 
gnng^lion,  And  the  gHngliart  being  lometime?  a  mere  swelling  on  the  trunk  of  iho 
nerve, 

3.  The  flhres  derived  from  the  5th  pair  do  ntit  terminate  in  the  ganglion,  but  pas* 
onwards  through  it  to  the  cilSHry  plexus* 

4.  Jn  ihe  Rabhit,  the  iris  rpteivp^  fibres  from  the  Ctb  pair  which  do  not  pnsa 
throiij^b  the  guni^lion  \  And  it  is  ihron^jh  this  that  the  contraction  of  the  pupil  in 
prtiduced  in  that  animiil  by  jrritJition  of  Ihe  5th  pair,  which  will  not  produL-**  nay 
effi^tt  upt^fi  the  pupil  of  this  0i>g,  Get,  or  Pieeoti,  so  long  as  it  does  not  atfbct  the 
briiin  Uv  the  extent  of  [(poducing  TCPlij^o,  mtr  ntftsct  the  vi--iu»l  sense  in  any  other  way. 

5.  IrriUilion  of  the  5th  nerve  doe^  not  in  iiny  animal  affect  the  action  of  the  iris, 
eftcr  tbedivisiion  of  tho  eerehrnl  i^onnections  oY  all  the  other  ocular  nerve«  [thia  is 
denied  by  Budge],  ?o  thiit  its  influencd  over  live  movements  of  th«  iri;?  ninsl  he  re- 
flected thrtiugh  tnc  encephalic  centres,  not  through  the  ophthalmic  ganiilioe. 

6.  The  function  of  the  gimgUonic  centre  ilfolf,  m  a  part  of  the  Sympiithptic  system, 
*e<*ms  to  be  to  bring  ibi*  ^'org^inic  HCliims"  of  the  eyeball,  especially  \U  supply  of 
bloodt  into  hitrmony  with  its  functional  activity-  ibig  harmony  bein^  produced  by 
the  pa^^age  of  thcs  ccrehro-^pinnl  nerves  through  the  ganglion,  which  excites  the 
pynergeiic  action  of  its  own  vefiicl^  and  nerve-tibrcs. — Irritation  of  the  3d  pair  of 
nervoi  nroduce^  contraction  of  the  pupil ;  irritation  of  tbo  cervical  pnirtion  of  the 
Sympatnetic,  diUtatiun.  On  lh«  other  hand,  paralysis*  of  the  3d  nerve  i^  followed  by 
dilatation  ;  paralyfiii  of  the  c'erHcnl  sympathetic  (as  by  eection),  by  eon  traction  of  th^ 

Physiologie,  1862,  p.  767.  *  See  Schiff,  Physiologie,  p.  S7Q. 
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cboroideie,    Section  or  pamly^iH  of  the  3*1  occasmns  drooping  of  ihi*  tip^« 
eyelid  (ptosis);  extemtil  BtraljiHinuiS,  j>emstent  dstatatiitu  of  the  pupil,  awl 
afcoriimodation  fjf  ihe  eye  for  dl^itant  objects.     The  4lb  tierve  ts  fonfiiwHi  tti 
the  8llf^e^o^  Oblique,  ami  the  l>th  to  the  Extoroal  ReetUi«.     Tbt?  oyniW  af  , 
fibres  in  the  3d  nerve  h  about  15,000,  in  the  4th  about  1 100,  m  ibe  6tb  &tiii  [ 


The  NorTCT  of  the  Orbit  Been  from  ihe  outer  *\4ei  L  Section  of  tiie  IVonlAl  buii«i;   Ix 
bfbipd  tliip  numer*!  i*  the  frootjiit  sinus,  »nd,  in  frotit,  tbi?  lUtipfiitiiebt.    f.  The  •iipfttuf  omiII 
bon«;  ttie  f«ellon  la  front  of  Itie  nnoit«Tii]  ti!xlilUl>  (b«  inaxtllarl'  «linki«.   %  Pftrt  uf  Lh«  ffplifrnu/M  i«*« 
4.  The  levator  p{ijp<^br(t  and  ADrn^^rlor  rvttu*  niiiwlts.    K.  Tht  tiitierictr  ubtJ^ii*'  rrinvle    ^  Tbr  in'*^ 
oblliioi;  tiiiiftcle.    7.  Ttie  oculnrlifflf  of  the  ifxtenml  rectus  niutilc  drftwn  f'lnruitTli     ft.  Th«  Drl4tjl  Mt] 
of  ihe  e3itern»l  nfctoi  niuiirle  turned  downw»nlj*.    Ou  Uib  uius^Ip  Uie  »i*tb  twrr**  f»  -.^ti  dttM 
brancbes.    9,  The  1nf*.»rlorTC4tus  inuiscle.    10.  Thi- tipiSe  nfTve     II.  Tlif  liiUTiiil  rat       ' 
Ing  frora  tb«' caYernoiiB  Fiiiui.    i%    Tbi^  D]}hlb Attn Ic  artery.    IK*  Thu  tliifd  nfrrc. 
the  iLfrd  nt^rvti  lo  tiw  liiftTiorotillqiic  tnu^de,    B^tw^^rit  tbH  ftnd  the  siKth  uer'rfi  i>  • «-  •r^*  i^- 
wbteh  fiupplieslhe  infL'Hor  rvclui;  its  brviirli  (u  the  o|)btbKtiiite  ir.ifiLi^Hp  ii*  sseen  |4^foei«dl«t  ftia  tte 
ki|>|wr  side  uf  tbe  truult  of  ihe  uenrLsaltbe  bnttnm  of  ibf  orbit     IS.  Thrj  fk>iirth  ui^rtr      \L  T>u  trw»^ 
of  the  fiaiinerre.    17,  Tho  Gasnerlvn  gan^llnti.    1$>  Tbe  opbthntinic  tierfe.     19   Ti.  ^ 

lary  neivf,    'JtL  Tbia  Inferiur  niKJiitliiry  nerve.    21,  The  frotital  tiert*.    U3    lia  tlivi<^    ■  .    ^-  - 

tn  supply  Ihe  iDtegtiiuent  of  Ihe  forebeftrt,  ^.  The  Ufbrytnnl  nerre.  24,  The  nnwl  atrT*  .  th-  mttH 
tierve  i^teii  In  the  bifitrr'SiOun  «jf  tite  Jinia)  Hiiiit  fronlat  nervc^  t«  one  of  the  l«ritiielirB  tif  IM  Blpxr 
dbldofl  wf  the  thifd  nerTo.  35.  Tht^  uasul  n^tr^v  p»h|ji£  0*er  the  ioiern&I  reelo*  miiaci*  I*  li«  m- 
lerlor  ethiuoidftl  foraineii,  2<i.  Tbt?  Iijffa*lr«cbk^af  ne-i-rp.  27.  A  hmg  plllnrjr  l»rA»Hi  mi  lb*  «Mt 
Another  lonf  eilUri'  branch  k  seen  prwerfling  froui  tha  lo»er  «9;itert  of  lh*»  n«TVt-  "^  ^n^'-  t..-i-  *^ 
of  the  ophilmtrak  ganRllon,  prorerfling  fmtii  the  nufial  perte,  aitrl  r-eftrtojc  tin 
vhieli  JuLiis  it  at  mo  ncule  ungle.  29  The  opbthaiiiiitc  iranglfon,  tti^ingoS  tmm  tM  i 
dIJary  tierviaiL   30,  The  slub«  of  tli«  eye. 


2000  to  2500*'     The  third  and  fimrlh  nerves  presicnt  some  tmrcsuf « 
bility,  which  in  the  former  nerve  is  probably  derived  froiii  ibc  51b*    O 
Vcau''  observes  thai  the  deep  or  intni-cercbval  portMmg  of  t\w  motor  i 
are  qnite  incapable  of  being  excited  to  aclioii  by  dirot^t  stiTnyl»*n-'rj    ^Hq 
on  applying  irritation  to  them  at  the  point  %vher<?  they  urn-  uf 

cerebrum,  movements  can  alwayj^  be  induced*— Thii  peculiar  in—ir  .,,  ^Jl  _ 
tboae  motor  nerves  ordinarily  excite  tlie  mu^clcfi  to  action^  under  tbr  jfuidr 
ance  of  the  visual  ^nse,  will  be  considered  in  the  next  Section*     Ahh 
commonly  ranked  as  cepbalic  nerves,  they  have  no  direct  connection  I 
tbe  Cerebrum;  their  real  origin  being  from  the  upper  part  of  the 
Axis.     The  roots  of  the  *M  pair  may  be  traced  into  direct  conuectioo  ' 

1  Eo«<»fithn1,  De  Numero  nt^iu©  Monftura  Micr^iscop,  FibriUfiruitif  Bfi^ba*  I 
»  Jourtuil  d©  k  Fhyaiotogie,  tain,  v,  1862,  p.  272, 
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the  Corpora  Quadrigemina;  a  fact  of  considerable  physiological  importance, 
BB  will  hereafter  appear. — The  chief  actions  of  a  purely  refiex  nature  to  which 
this  group  of  nerves  ordinarily  ministers,  are  the  government  of  the  diameter 
of  the  pupil,  which  is  accomplished  through  the  Third  pair;  and  the  rolling 


Fio.  227. 


The  dUtiibutlon  of  the  Facial  ycrrc,  and  the  branches  of  the  Cervical  Plexus:  1.  The  facial  nerre, 
CKtplDf  from  the  stylo-mastold  foramen,  and  crossing  the  ramus  of  the  lower  Jaw ;  the  parotid  gland 
haa  b««a  rrmoTed  in  order  to  show  the  nerve  more  distinctly.  2.  The  posterior  auricular  branch :  the 
ilgastf  <c  and  stylo-mastoid  filaments  are  soen  near  the  origin  of  this  branch.  3.  Temporal  branches, 
eommunicating  with  (4)  the  branches  of  the  frontal  nerve.  5.  Facial  branches,  communicating  with 
(V)  the  Infra-orbital  nerve.  7.  Facial  branches,  communicating  with  (8)  the  mental  nerve.  9.  Cervico- 
CkUI  branches,  communicating  with  (10;  the  supcrficialis  colli  nerve,  and  forming  a  pli'xus  (11)  over 
the  aubniaxillarj  gland.  The  distribution  of  the  branches  of  the  fnci.il  in  a  radiatt^l  direction  over 
the  aide  of  the  face,  constitutes  the  pes  ansorinus.  12.  The  auricularis  mngnus  nerve,  one  of  the 
■■eeoding  branches  of  the  cervical  plexus.  13.  The  ocoipitaliM  minor,  ascending  along  the  poMteriur 
border  of  the  sterno-mastoid  muscle.  14.  The  superficial  and  deep  descending  branchtj*  of  the  cervical 
plexus.  15.  The  spinal  accessory  nerve,  giving  off  a  branch  to  the  external  8urfa«*e  of  the  trapezius 
■uacle.    16.  The  occipitalis  major  nerve,  the  posterior  branch  of  the  second  cervical  nerve. 


of  the  eyeball  beneath  the  upper  lid  during  sleep,  as  well  as  in  the  effortii 
of  sneezing,  coughing,  etc.  But  irregular  movements  of  the  eyeballs,  which 
must  be  referred  to  the  same  group,  are  continually  seen  to  accompany 
yarious  abnormal  forms  of  convulsive  action. 

492.  The  Portio  Dura  of  the  7th  pair,  or  Facial  Nerve,  containing  about 
4000  to  4500  nerve-fibres,  was  shown  by  Bell  to  be  a  motor  nerve,  chiefly  dis- 
tributed to  the  muscles  of  the  face;  it  has  hence  been  termed  the  Nerve  of  ex- 
pression. In  its  passage  through  the  Aqueductus  Fallopii,  it  j)reseuts  a  gangli- 
form  enlargement,  which  is  connected  by  the  N.  petrosus  superficialis  major 
with  the  spheno-palatine  ganglion  of  the  5th,  and  by  the  N.  petrosus  super- 
ficialis  minor  with  the  otic  ganglion. — By  these  branches  the  palatine  muscles 
supplied  by  these  ganglia  receive  their  motor  power,  and  some  sensory  fibres 
enter  the  facial,  thus  accounting  for  its  sensibility  when  cut  at  its  exit  from 
that  canal.  It  is  also  connected  with  the  tympanic  nerve  of  Jacobson  pro- 
ceeding from  the  glosso-pharyngoal,  with  the  auricular  of  the  Pneumogastric, 
and  with  the  upper  cervical  nerves.  The  Portio  Dura,  besides  the  muscles 
of  the  face,  supplies  the  stapedius,  the  auricular,  occipital,  stylohyoid,  and 


620      FUNCTIONS    OF    TEB    OEEEBBO-SPIRAI.    NKRVOUS    SYSTEM, 


the  posterior  belly  of  the  digastric  mus^cles.  It  does  not  supply  the  mu^les 
of  masticatioD,  Its  chorda  tympani  branch  joins  the  liiigual  of  the  fifth, 
and  has  been  shown  by  Bernard  to  be  the  nerve  by  which  the  sulmmxillary 
gland  is  excited  to  active  8ecretion,  while  another  branch  i»  tlistributeil  to 
the  parotid  (§  101). — Experimental  m  we!l  as  anatomical  researches  leave 
no  di>nbt  that  the  Partio  Dura  is  the  genera!  motor  nerve  of  the  face ;  min- 
istering to  the  influence  of  Volition  and  of  Emotion,  and  also  being  the 
channel  of  the  reflex  movements  concerned  in  respiration,  as  of  other  auto- 
matic actions  of  the  muscles. 

493,  Although  the  functions  of  the  Glomo-Pharnn^^td  nerva  have  been 
heretofore  alluded  to  in  part,  several  questions  still  remain  to  be  discussed 
in  regard  to  them,  Refywns  have  been  given  for  the  belief,  that  it  is  chiefly 
an  afterent  nerve,  scarcely  having  any  direct  power  of  exciting  muscular 
contraction,  but  conveying  impressions  to  the  Medulla  Oblongata,  which 
produce  refiej^  movements  of  the  motor  nerves  concerned  in  deglutition  (§  89),' 
This  view  of  this  function  was  deduced  by  Dr.  J.  Reid  from  minute  ana- 
tomical investigation  J  and  from  a  large  number  of  ex  peri  men  Is.  Borne  ex- 
perimenters a-^sert  that  they  have  ;§ucceeded  in  exciting  direct  muscular 
actions  through  its  trunk;  but  these  actions  seem  to  be  limited  to  the  stylo- 
pharyngei,  palato-glossi,  and  superior  constrictor  muscles.' — ^Mnch  contro- 
versy has  taken  place  on  the  question ^  whether  this  nerve  is  to  be  regarded 
as  ministering,  partly  or  exclusively,  to  the  sense  of  Taste  ;  and  many  high 
authorities  have  ranged  themselves  on  each  side.  The  question  involves 
that  of  the  function  of  the  Lingual  branch  of  the  5th  pair;  and  it  is  partly 
to  be  decided  by  the  anatomical  relations  of  the  two  nerves  respect ively> 
The  Glosso-pharyngeal  i:^  principally  distributed  on  the  mucous  surface  of 
the  fauces,  and  on  the  back  of  the  tongue;  but,  acct^rding  to  Valentin,  it  sends 
a  branch  forwards,  on  either  side,  somewhat  beneath  the  lateral  miirgin, 
which  supplies  the  edge.n  and  inferior  surface  of  the  tip  of  the  tongue,  and 
iuosctdat*fS  with  the  Lingual  branch  of  the  5rh,  On  the  other  hand,  the 
upper  surface  of  the  front  of  the  tongue  is  supplied  by  this  Lingual  branch. 
The  exj>erinients  of  Dr.  Alcock,  whose  conclusions  are  borne  out  by  Dr.  J, 
Keid,  decide<Uy  support  the  conclusion,  that  the  gustative  sen.'^ibility  of  this 
part  of  the  ton'^ue  is  chiefly  due  to  the  latter  nerve,  being  evidently  ini  jmired 
by  division  of  it.  On  the  other  hand,  it  is  eftually  t^riain  that  the  sense  of 
taste  is  n(*t  d^^troyed  by  section  of  the  Lingual  nerve  ou  ea<*h  side;  and  it 
seems  also  well  ascertained,  that  it  is  impaired  by  section  of  the  Gloss*)- 
pharyngeal  nerve, — The  pathological  evidence  bearing  upon  this  iK>int  ap- 
pears somewhat  contradictory.  Numerous  cases  have  becti  recorded/  in 
which  both  common  and  gustative  sensation  wei-e  destroyed  in  ilie  parts  of 
the  tongue  supplied  by  the  5th  pair,  when  that  nerve  wa^  jiaralvicd ;  in 
some  of  the.se,  the  loss  of  the  sense  of  taste  appeared  to  extctid  itself  to  the 
base  of  the  tongue,  but  then  there  was  evidence  that  the  Glossopharyngeal 
was  involved  in  the  paralysis,  Ou  the  other  hand,  cases  of  paralysis  of  the 
5th  pair  are  related  by  Mr.  Noble  and  by  V*jgt/  in  which  com  mom  sensa^ 
tion  was  lost,  whilst  the  eenae  of  taate  remained  in  the  same  part^;  and  Mr. 
Noble  relates  another  case,*  iti  which  there  was  loss  of  taste  without  iutpair- 
ment  of  common  sensation.     The  cases  of  Mr,  Noble  and  Vogt  would  aeena 


'  See  nho  Vulpiiin^  K^v,  des  Cciurs  adtsnt,,  i,  id,  p.  764. 

'  Spa  Chauvcftu,  Jourrmt  de  Fhy»iologi*> ;   Bruwii-Se<pmrd,  1P02,  t.  v,  p.  3(K). 

*  Se«  psp(H!ially  the  etiiroa  recorded  by  Romberg,  in  Mtller'*  Archiv,  1838,  Hf«fl 
ill;  Ttidd  und  ^owmnn,  in  Phydological  ArtutoEny,  vol.  i,  p.  445;  nnd  Diitoni  in 
Med  -Chlr,  TrMns.,  vol.  xxviij, 

<  Mediciil  Giijjptte,  Oct  lioth,  lflS4 ;  and  Maikr*!  Arctiv,  1840,  p.  72, 

•  Medical  Gasclte,  Nov.  Slit,  1835. 
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lo  indicate  that  the  5th  pair  does  not 
Dr.  J.  Seid  has  justly  observed,  we 
have  no  evidence  that  all  the  fila- 
BientB  of  the  5th  pair  sent  to  the 
booffae  were  affectCNi;  and  there  is 
believed  to  be  no  case  on  record,  in 
Nliich  the  whole  of  the  5th  pair,  or 
nf  its  third  branch,  was  found  to  be 
liaeased  after  death,  and  in  which 
luring  life  the  sense  of  Taste  had  been 
retained  in  the  anterior  and  middle 
perts  of  the  tongue.  Hence  these 
Bftfles  only  serve  to  indicate  what  is 
probable  on  other  grounds ;  viz.,  that 
the  filaments  which  convey  gustative 
Impressions  are  not  the  same  with 
those  that  minister  to  common  sensa- 
tion.— On  the  whole,  then,  it  seems 
lo  be  proved  by  anatomical  and  ex- 
perimental evidence,  that  both  the 
&loa90-pharyngeal  and  the  Fifth  pair 
minister  aJiKe  to  the  tactile  and  to  the 
muUdive  sense ;  and  there  is  nothing 
m  the  pathological  facts  just  noticed, 
that  militates  against  this  conclusion. 
There  seems  good  reason  to  believe 
the  Glosso-pharyngeal  to  be  exclu- 
nvely  the  nerve,  through  which  the 
impressions  made  by  disagreeable  sub- 
stances taken  into  the  mouth  are  pro- 
pagated to  the  Medulla  Oblongata,  so 
■•  to  produce  nausea  and  to  excite 
ellbrts  to  vomit.  The  number  of 
fibres  in  this  nerve  is  about  3500. 

494.  The  functions  of  the  Pneumo- 
gaglric  nerve  at  its  roots  have  been 
made  the  subject  of  particular  ex- 
amination by  various  experimenters ; 
some  of  whom  (for  instance,  Valentin, 
Longet,  and  Morganti)  have  con- 
eloded  that  it  there  possesses  no  motor 
power,  but  is  entirely  a  sensory  or 
rather  an  afferent  nerve.  According 
to  these,  if  the  roots,  containing  about 
4000  smaller  and  5000  larger  tubules, 
be  carefully  separated  from  those  of 
the  Glosso-pharyngeal,  and  (which  is 
a  matter  of  some  difficulty)  from 
those  of  the  Spinal  Accessory  nerve, 
and  be  then  irritated,  no  movements 
of  the  organs  supplied  by  its  trunk 
can  be  o^rved :  whilst,  if  the  roots 
be  irritated  when  in  connection  with 
the  nervous  centres,  muscular  con- 
tractions, evidently  of  a  reflex  char- 


minister  to  the  sense  of  Taste;  but,  as 

Fio.  228. 


Origin  and  Dintribution  of  the  Eighth  Pair  of 
Nerves:  1,  3,  4.  The  Medulla  Oblongata.  1.  The 
Corpus  Pyramidale  of  one  side.  3.  The  Corpus 
OIlYare.  4.  The  Corpus  Ke^ti forme.  2.  The  Pons 
Varolii.  6.  The  Facial  Nerve.  6.  The  origin  of 
the  Glosso-pharyngeal  nerve.  7.  The  ganglion  of 
Andersch.  8.  The  trunk  of  the  nerve.  9.  The 
spinal  Accessory  nerve.  10.  The  ganglion  of  the 
Pneumogastric  nerve.  11.  Its  plexlform  ganglion. 
12.  Its  trunk.  13.  Its  pharyngtal  branch  forming 
the  pharyngeal  plexus  (14)  asNisted  by  a  branch 
from  the  glosso-pharyngeal  (8)  and  one  from  the 
superior  laryngeal  nerve  ( 15).  16.  Cardiac  branches. 
17.  Recurrent  laryngeal  branch.  18.  Anterior 
pulmonary  branches.  19.  Po.^terlor  pulmonary 
branches.  20.  (£!»ophageal  plnxus.  21.  Gastric 
branches.  22.  Origin  of  the  Spinal  Accessory 
nerve.'  23.  Its  branches  distributed  to  the  stemo- 
mastold  muscle.  24.  Its  branches  to  the  traposiui 
nuicle. 
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acter,  rci^iilt  from  the  irritation ;  and  strong  evidence  of  tl 
also  giveo.  It  has  been  further  asserted  that^  when  the  r 
Accessory  nerve  are  irritated^  no  indicaliona  of  sensation  are  gi' 
the  TwUiieuIar  parts  snpplied  by  the  Pneuningastric,  as  well  u- 
trunk,  are  made  to  con  tracts  even  when  the  rcNjt*  are  separated  from  tbt ' 
nervnua  centres  ;  m  that  these  roots  must  be  regarded  afl  the  ebannd  nf  ibi  j 
motor  influence  transmitted  to  them  from  the  IVfedolla  Obloogala.  Wtoi  , 
the  PnenmogaT^tric  sweUs  iato  the  jugular  ganglion,  an  interchange  oOak 
take^  place  between  it  and  the  Spinal  Acceijstjry ;  and  it  seems  clear  that  ibe  J 
pliaryngeal  branches,  which  are  among  the  mtjE*t  decidedly  motuTof  all  f 
given  ♦«ff  from  the  Pneumoga?stric,  may  in  great  part  be  tmced  ^Kirkwi 
into  the  Spinal  Accessory,  But,  on  the  other  hand,  an  equally  ji 
tni^t worthy  set  uf  experimenters  (among  whom  may  he  nienij   .  i& 

Miiller,  Vol kmann,  Stilling,  Wagner,  Ciiauveau/  and  Bernard ->iu^i 
to  this  opinion;  maintaining  that  the  PneumogaMtric  ha.H  motor  rooi  ^ 
own ;  and  affirming  that  irritation  of  the  roots  of  tfie  Spinal  Ac<H?*e*orTl 
duces  little  or  no  effect  *m  the  muscles*  supplied  hy  tint  trunk  of  die  j 
Vagum,  In  the  careful  expeiimentii  of  MM,  v.  Kenifjcn  aud  Thi« 
the  causes  of  these  dij^crepancies  have  lieen  eUicidaied,  fur  they  have  . 
that  if  irritation  be  api*lied  to  the  rootii  of  eiifier  Spinal  Accessory  or  Pwo- ' 
moga.^tHc  nerve?,  contractions  occur  in  the  ceL^ophagUfi,  in  the  con^trietor 
moscU*9  of  the  pharynx,  and  in  the  internal  mnscles  of  the  larynx;  ami  tn 
addition,  when  the  Spinal  Accessory  roots  are  irritated,  in  tb*i  irajieiio* 
and  sterno- mastoid  muscles.  If,  however,  the  roots  of  the  PnemiJog:i»tnc 
nerves  be  divided,  and  irritation  be  again  applied  to  the  roots*  nf  thti  Spiaal 
Acce^ory,  no  movements  are  obsf^rved  except  in  the  trapexiti^  atjil  nirruo- 
mastoid  muscles.     Hence  it  would  appear  that  t a  the  former  '  ikm 

CBSophageal  and  laryngeal    movements  were  (jceasjoned   by  a 
conveyed  to  the  Medulla  Oblongata  by  centripetal  or  sensory  tilir*.^  laj 
Spinal  Accessory,  and  reflected  down  to  the  muscles  by  motor  fibril  taj 
Pneumogastric  nerves,  the  communication   between  the  two  nerv« 
effected   hy  a  chain  of  ganglionic  oerve-cells  in  the   Medulla,     This 
receives  strong  confirmation  from  another  series  iif  expentncti: 
by  M.  V.  Kern  pen,  who  fonnd  that  if  the  supposed  commnniia: 
Medulla  between  the  two  nerves  were  divided  hy  a  trans vense  sectUm  i 
between  their  res[>ective  origins,  irritation  of  the  posterior  cut  surtkce  < 
Medulla  or  of  the  roots  of  the  Spinal  Acees^sory  was  only  followed  by  n 
ments  in  the  sterno*mastoid  and  trapezius  inuseles;  whilst,  when  thu  i 
irritation  was  applied  to  the  upper  extremity  of  the  ^[edulla  or  to  Um 
roots  of  the  Piieumf)gastric,  contrarticms  occurred   in  the   muscle*  «f  * 
phaiyux  and  larynx.     Hence  we  may  conclude  that  the  Puenmng«*tricr 
contains  the  motor  fibres  which  act  on  the  muscles  of  the  pharynx,  < 
gus,  and  larynx  ;  although  it  probably  receives  additional  motiir  tibr 
fhe  Spinal  Acce^ssory,  and  supplits  that  nerve  with  afferent  fibres, 

495,  There  can  be  no  doubt  that  the  trunk  of  the  Poeumoga^:ri«^  b^tabl^ 
con.«*idered  as  a  nerve  of  double  endowments;  although  it  i?  'hnt 

these   endowments   are  very  differently  distributed   amongst   i  'i«. 

That  the  nerve  is  capable  of  conveying  those  impressions  wlii.  S  l*  .>qte»f#i- 
salio n j»  w h en  com ni u n ica ted  to  the  &en sori um,  is  ex |ki r i m cii ta  U  ^  ■  v i  - 1  liy 
the  fact,  that,  when  its  trunk  is  pinched,  the  animal  givcJi  ^i.  nt* 

pain ;  but  it  ia»  abo  evident  from  the  painful  consciousness  w^  <"<- 


'.Chaiiveau,  Jotirnul  de  Phyiiolo^j>»  }M2,  pp.  190  and  203, 
•  Bernard,  Rei:hereht?«  Eiperim^^nt.  mit  li^5  Ftii 


p.  m. 


ncili»n«  du  N«rf  Sploftl,  Hd^  1^ 


*  BulleHn  de  rAcad,  Roy.  de  M^.  do  Bolgfquo,  1868,  torn.  xtI,  p.  1^4. 
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have,  of  an  ahrnfjrmal  eoudition  of  the  organs  which  it  supplies.  Thus,  the 
suspeu^iou  f>f  the  r^pirati>ry  movementa  gives  me  to  a  feeling  of  the  greatest 
utieiisiuess,  which  ruu^t  be  excited  by  impressioim  conveyed  through  thii 
nerve  from  the  luogg ;  aud  an  inrtamed  state  of  the  walls  of  the  air-pa^ages 
caui^e^  the  eon  tact  of  cold  and  dry  air  to  produce  distressing  pain  and  irri- 
tation ;  yet  of  the  ordinary  impressions  conveyed  from  these  organs,  which 
are  eoucerned  in  produciog  the  respiratory  movements,  and  in  regulatiog 
the  actions  of  the  glottis,  we  are  not  conscious.  The  same  may  be  said  of 
the  ^Kirtion  of  the  uerve  distributed  upon  the  alimentary  tube;  for  the  pharyn- 
geal branches  are  almost  exclusively  motor,  the  afferent  function  being 
performed  by  the  glosso-pharyngeal ;  whilst  the  a^ophageal  and  gastric  are 
both  afferent  and  motor,  conveying  impressions  svhich  excite  I'efSex  move- 
ments in  the  muscles  of  those  parts,  but  which  do  not  become  sensations  ex- 
cept under  extraordinary  cireumstances.^The  participation  of  this  nerve  in 
the  operations  of  Deglutition,  Digestion,  Circulation,  and  Respiration,  and 
the  effects  of  injury  to  its  trunk  or  branches,  have  already  been  considered 
in  the  account  of  th^ise  functions/ 

496*  In  regard  to  the  functions  of  the  Spifwl  Aceemory  nerve,  also,  there 
has  been  great  difference  of  opinion  ;  the  peculiarity  of  iti3  origin  and  course 
having  led  to  the  belief,  that  some  very  especial  purpose  is  answered  by  it. 
It  may  be  said  to  have  three  roots  of  origin  (Lock hart  Clarke) — one  from 
the  anterior  gray  substance  of  the  Spinal  Cord,  a  second  from  the  nucieus 
of  the  Hypoglossal  nerve,  and  a  third  from  the  tract  of  vesicular  sub&tauce 
in  the  Medulla  Oblongata,  common  to  it  and  the  Vagus  nerve.  The  trunk 
contains  froni  20 QO  to  2500  tubule^^.  The  predominance  of  motor  fibres  in 
its  roots,  its  inosculation  with  the  Pneumogai^tric,  and  its  probable  recepiioa 
of  sensory  fibres  from  the  latter,  whilst  imparling  to  it  motor  filaments,  have 
been  already  referred  to  (§  494).  As  its  trunk  piusses  through  the  foramen 
lacerum,  it  divide  into  two  branches  ;  of  which  the  internal,  atlter  giving 
off  some  filaments  that  assist  in  forming  the  pharyngeal  branch  r>f  the 
Pneumogastric,  becomes  incorporated  with  the  trunk  of  that  nerve  j  whilst 
the  external  pruceetls  outwards,  and  is  finally  distributed  to  the  sterno* 
mastoid  and  trapezius  muscles,  some  of  its  filaments  inosculating  with  those 
of  the  cervical  plexus.  When  the  external  branch  is  irritated,  before  it 
perforates  the  ster no- mastoid  muscle,  vigorous  convulsive  movements  of  that 
muscle  and  of  the  trapezius  are  produced;  and  the  animal  does  not  give  atij 
^igns  of  pain,  unless  the  nerve  be  firmly  compressed  between  the  forceps,  or 
be  included  in  a  tight  ligature.  Hence  it  may  be  inferred  that  the  func- 
tions of  this  nerve  are  chiefiy  motor,  aiid  that  its  sensory  tilaments  are  few 
in  number.  Further,  when  the  nerve  has  been  cut  across,  or  firmly  tied, 
irritation  of  the  lower  end  is  attended  by  the  same  convulsive  movements  of 
the  muscles;  whilst  irritation  of  the  upper  end  in  connection  with  the  spinal 
cord,  after  section  of  the  Pneumogastric  Nerves  (,§  494),  is  unattended  with 
any  muscular  movement.  Hence  it  is  clear  thiit  the  motions  in  the  sterno- 
mastoid  and  trapezius  muscles,  occasioned  by  irritating  it,  are  of  a  direct,  not 
of  a  reflex  character;  though  the  movements  which  iKCur  in  the  laryngeal 
and  pharyngeal  muscles,  on  irritation  of  the  centric  extremity,  are  un- 
questionably reflex  in  their  nature. — According  to  Sir  C.  Bell,  the  Spinal 
Accessory  is  a  purely  Respiratory  nerve,  whose  office  it  is  to  excite  the  in- 
voluntary or  automatic  movements  of  the  muscles  it  supplies,  which  share 
in  the  act  of  respiration ;  and  he  states  that  the  division  of  it  paralyi^es,  as 
muscles  of  respiration,  the  muscles  to  which  it  is  distributed  j  though  they 

1  Far  Rcureful  iiiquirv  into  tbe  liflVK-ta  nf  SiKrtkin  of  this  nerve  in  produeing  pul- 
monary )«?«idnft|  nee  Boddiirt,  Jtjurn.  de  \a  Fhyislolngiep  t.  v,  p(i,  442  and  {i2Tt 
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Still  perform  the  voluntary  movements,  through  the  medium  of  the  fpilial 
nerves.  Both  Valentin  and  Dr.  J*  Reid,  however,  poiitivelj  denv  tlmtlfli 
is  ihe  case;  and  Dr  Rerd^s  method  of  ex  peri  men  ting  was  %veJi  adapM  to 
test  the  truth  of  the  assertion/  The  fuuctions  of  this  nerve  have  l«eii  tnidi 
the  subject  of  special  examination  by  M.  CL  Bernard  ;'  who  has  amwdil 
the  conclusion  that  the  Spinal  Accessory  is  essentially  a  motor  '--»■■'  *Hf»» 
action  is  not  exclusively  rei^uis-ite  for  the  ordinary  luovcments  >  -r. 

the^e  being  provided  for  by  the  Pneumugastric  and  ordmary  Sji  ..i 
but  that  Us  sfjecial  function  is  to  bring  the  respiratory  movenirtir-  I 
cordance  with  the  requirements  of  Animal  life,  adapting  the  aciiuu^ 
muscles  of  the  larynx  and  thorax  to  the  production  of  votee,  or  U:  : 
muscular  e§brt  The  internal  branch,  which  is  specially  distrf^otL 
the  fibres  of  the  Pueuniogaj^tric,  to  the  pharynx  and  larynx,  i-  i*-*  ^uiu/.j 
stibsarvient  in  the  former  of  these  purpose!*;  and  the  external  l*i  tlii»  Jitur. 
This  conclnsjiim  is  ftnificiently  in  accordance  with  the  restilia  obuiidtd  fcf 
other  experirnentem,  to  be  received  m  a  probable  explaoatiou  i^t  the  fiMH 
which  have  been  observed  by  them. 

497.  The  Jfi/pof^lomd  nerve,  or  Motor  Lin(ju(r,  is  the  only  owe  vhtdit  in 
the  regular  order,  now  remains  to  be  cousidered.  This  nerve  eoDtJiim  (torn 
A5Q0  to  5000  nerve-fibres.  That  the  distribution  of  this  nerve  U  rvsitrkidd 
to  the  muscles  of  the  tongue,  Js  a  point  very  easily  established  by  attatimikil 
research  ;  and  accordingly  we  fimi  that,  long  heibre  the  time  of  Sir  C  Beli 
Willis  had  spoken  of  it  as  the  nerve  of  the  motions  of  articulation,  wbii 
to  the  Lingual  branch  of  the  oth  pair  he  attributed  the  power  of  t*3ten'is»J 
the  sense  of  taste;  and  he  distinctly  stated,  that  the  reason  -  ' 
being  supplied  with  two  nerves,  is  its  double  functioa.     The  h  ilmi 

it  is  chiefly,  if  not  entirely  a  motor  nerve,  which  has  been  foun 
anatomical  distribution,  is  supported  also  by  the  nature  of  its 
is  Usually  from  a  single  root,  corresponding  to  the  anterior  root  of  tin*  >f«itiS 
nerves.  Experiment  shows  that  when  the  trunk  of  the  nerve  w  strtflcW, 
pinched,  or  gidvanized,  violent  motions  of  the  whole  tongue,  even  M>  ii 
are  oecjisioned  ;  and  also  that  similar  mrjvenients  take  plat*e  aftrr  di 
of  the  ner%*e,  w^hen  the  cut  end  mosf^t  dtstaat  from  the  brain  is  trriiated.  In 
regard  to  the  degree  in  which  this  nerve  posse^e^  mmory  pni|if.*riir^,  there 
id  some  difterenee  of  opinion  among  physiologiiitfi,  founded,  m  it  wouU  •crai, 
on  a  variation  in  this  respect  between  different  aitimak.  Iadicatiim^<if  pia 
are  usually  given  when  the  trunk  is  irnialed  after  m  exit  from  ihermntfiiii: 
but  these  may  proceed  from  it«  free  anastomosis  with  the  cervi^ral  niTTfe*. 
which  not  improbably  impart  sensory  fibres  to  it.  But  in  some  Miimmftlbi 
the  hypoglos."=ai  nerve  has  been  found  to  pos?efts  a  small  p<j**tcrior  nn^i 
a  ganglion  ;  this  is  the  ca*e  in  the  Ox  and  Cat,  and  also  in  lh*»  Hn\ 
and  in  the  latter  animal,  Vulentiu  states  tliat  the  two  trunks  ; 
the  cranium  through  separate  orifiees^and  that,  after  their  exSc 
shown  to  be  sensfjry,  and  the  other  to  he  motor.  Hence^  thi?  n-  r 
is  the  lowest  of  those  that  originate  in  the  cephalic  proKiu^'iit^ 
eninal  cord  generally  known  as  the  Medulla  Oblongata,  a|»pru«ehii 
closely  in  acjme  animals  to  the  regular  type  of  thespioal  uervea ;  and 

i  Sm  his  FhydoK,  PathoK,  and  An&t,  Heieareh«s,  p.  151;  ttid   %d\n,  ll»l.  ttij 

Surir,  Journ.^  J«ri.  18a&. 

'  Ri^cherche*  ExperimentAleH  snr  Ic*  Fonetiona  du  N**rf  Spinnl,  in  Arth 
M^deLVJr>e,  1S4*.  See  sisa  M,  8**niHrd'R  Lfi^oim  mr  ta  Pliy«.  du  }?irpti*ffic  >'*•" 
lom  ii,  p,  279  <?t  sseq.,  lSfl8 ;  >L  Vutpinn,  Kev.  de»  €*oiir*  Seient-^  torn,  iii^p. 
ind  Hpidf^nhnir*,  Stud,  des  Phy>iol0g.  Inn,  «u  Br«i*laii,  18415,  p,  lU.  Hirid«nbi*t 
and  Bt'hilf  ihifik  tl>eSpln*il  Ava^sary  minjiteri  to  both  the  ordioary  Pc*pink€f  m4 
to  liie  phoneii©  move»iont»  of  the  larynx. 
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in  Man  it  still  maDifests  an  irregularity,  in  having  only  a  single  root,  yet 
tbb  irregularity  is  often  shared  by  the  first  cervical  nerve,  which  also  has 
mnetimes  an  anterior  root  only.^  The  Hypoglossal  nerve  is  distributed  not 
merely  to  the  tongue,  but  to  the  muscles  of  tne  neck  which  are  concerned 
in  the  movements  of  the  larynx ;  and  the  purpose  of  this  distribution  is  prob- 
ibly  to  associate  them  in  those  actions  which  are  necessary  for  articulate 
ipeech.  Though  all  the  motions  of  the  tongue  are  performed  through  the 
medium  of  this  nerve,  yet  it  would  ap{)ear,  from  pathological  phenomena,  to 
bave  at  least  two  distinct  connections  with  the  nervous  centres ;  for  in  many 
aftses  of  paralysis,  the  masticatory  movements  of  the  tongue  are  but  little 
tflfected,  when  the  power  of  articulation  is  much  injured  or  totally  destroyed; 
uid  the  converse  may  be  occasionally  noticed.  When  this  nerve  is  para- 
lysed on  one  side,  in  hemiplegia,  it  will  be  generally  observed  that  the  tongue, 
iFhen  the  patient  is  directed  to  put  it  out,  is  projected  towards  the  palsied 
ride  of  the  face :  this  is  due  to  the  want  of  action  of  the  lingual  muscles  of 
that  side,  which  do  not  aid  in  pushing  forward  the  tip;  the  point  is  conse- 
quently directed  only  by  the  muscles  of  the  other  side,  which  will  not  act  in 
%  straight  direction,  when  unantagonized  by  their  fellows.  It  is  a  curious 
Ekcty  however,  that  the  Hypoglossal  nerve  seems  not  to  be  always  palsied  on 
the  same  side  with  the  Facial,  but  sometimes  on  the  other.  This  has  been 
suggested  to  be  due  to  the  origination  of  the  roots  of  this  nerve  from  near 
the  point  at  which  the  pyramids  of  the  medulla  oblongata  decussate,  so  that 
BOme  of  its  fibres  come  off*,  like  those  of  the  spinal  nerves,  without  crossing, 
whilst  others  are  transmitted  to  the  opposite  side,  like  those  of  the  higher 
cephalic  nerves ;  and  the  cause  of  paralysis  may  affect  one  or  other  of  these 
Bets  more  particularly.  Whatever  may  be  the  validity  of  this  explanation, 
the  circumstance  is  an  interesting  one  and  well  worthy  of  attention.'  The 
Hypoglossal  nerve,  according  to  Vulpian,*  contains  vaso-raotor  fibres,  the 
irritauon  of  which  causes  the  vessels  supplying  the  submaxillary  gland  to 
contract.     Its  section  is  followed  by  the  dilatation  of  these  vessels. 

498.  The  general  homology  of  the  Cephalic  nerves,  considered  with  reference 
to  the  ordinary  Spinal,  constitutes  a  study  of  much  interest.  It  appears,  from 
what  has  been  already  stated,  tliat  the  Pueumogastric,  Spinal  Accessory, 
Glossopharyngeal,  and  Hypoglossal  nerves,  may  be  considered  nearly  in  the 
light  of  ordinary  Spinal  nerves.  They  all  take  their  origin  exclusively  in 
the  Medulla  Oblongata ;  and  the  want  of  correspondence  in  position  between 
their  roots  and  those  of  the  Spinal  nerves,  is  readily  accounted  for,  by  the 
alteration  in  the  direction  of  the  columns  of  the  Spinal  cord,  which  not  only 
decussate  laterally,  but,  as  it  were,  antero-posteriorly  j(§  488).  The  Hypo- 
glossal, as  just  stated,  not  unfrequently  ]K)ssesses  a  sensory  in  addition  to  its 
motor  root.  The  Glosso-pharyngeal,  which  is  principally  an  afferent  nerv^, 
has  a  small  motor  root ;  but  most  of  the  motor  fibres  which  answer  to  it  are 
to  be  found  in  the  Pueumogastric.  That  the  Pueumogastric  and  Spinal  Ac- 
cessory toother  represent  a  Spinal  nerve,  may  be  r^arded  as  probable  from 
what  lias  been  already  said  of  their  relations. — Leaving  the.se  nerves  out  of 
the  question,  therefore,  we  proceed  to  the  rest.     Comparative  aoatomy,  and 

^  Seo  Vulpiaf)''s  K^aay  on  the  Posterior  or  Ganfi^lionie  Root  of.t^^  Hfpoglussal 
Nerve  in  various  AniaiHU,  Journal -de  la  Physiologic,  18H2,  p.  £. 

'  It  may  be  questioned,  however,  whether  (h^  liypofxlossal  ii  really  paralyzed  on 
the  opposite  eide  from  the  Facial  in  such  cases.  An  inst^vncc  haa  bM*n  coinmunicat»*d 
to  the  Author  by  Dr.  W.  Budd,  in  which  the  faypogloi^gal  nerv«  was  completely 
divided  on  one  side;  and  yet  the  tip  of  the  tongue,  when  the  patient  was  de^ired  to 
put  it  out,  was  sometimes  directed  from  and  sometimes  iowanis  the  palsied  side;; 
showing  that  the  muscles  of  either  half  are  suiBeient  to  give  any  requirvd  direction 
to  the  whole. 

s  G«z.  Hebdomadaire,  1878,  No.  21. 
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the  stiiily  of  Embryouic  developnaent^  alike  show  thai  th^ 
Medulla  Oblongfita  couMitute  the  iin:H=t  essential  part  nf  if 
in  Vertebra ta ;  and  that  the  Cerebral  Heiubpiieres  aru  ^'  i  '  i  -  : 
to  t h  is.     A  t  a  Q  earl  r  period  o  f  d  e  v  el  o  p  ra  e  ii  t,  t  he  E  ti  ec  p  J  i ;  ■  I   ' 
of  four  vesit;ie^,  which  correspond  with  the  gaoglionie  eu  I 
nervous  cord  of  the  Articulata^  aud  mark  four  di  vbiou^  of  \\  |*| 

axis;  and,  io  accordance  with  tliis  view,  the  Oateotogist  k  abic  to  (rmrr,  i 
hones  of  the  cranium,  elements  which  present  an  analiigy  to  thudethit  i 
form  four  vertebrae,  iu  a  much  expanded  and  altered  conditioQ.     Tbi 
pairs  of  nerves  of  special  sensatiooT — Audilorv%  Go^tatorjt  Optic^  uni  < 
tory, — make  their  w^ay  out  through  these  four  cranial  vertebra?  roep 
At  a  later  period  of  devehipmeot  other  nerves  are  interpo#(?<i  behtt€H  i 
which,  being  ifdervertsbral^  are  evidently  more  analogous  to  the  SplnaJ  i 
both  in  situation  and  function*     A  separation  of  the  primitive  tibre«  oi  I 
takes  place,  however,  during  the  progress  of  developmentt  m  thai 
tribution  appears  irregular.    Thus*  the  greater  part  of  tiie  *en!*or?  \ 
contained  iu  the  large  division  of  the  Trigeminus;  whik^t  of  the  motor  1 
the  anterior  set  chiefly  passforwartls  a;*  tlie  Ocui«>iuotor  and  Faiheticfia;  i 
the  postenorj  some  form  the  small  division  of  the  Trigeminoi*,  mtd  oiherii 
with  the  first  pair  from  the  MeduUa  Oblongata  to  Jorm  the  Facial     Tki^ 
fact  explains  the  close  union  which  ta  found  in  fit^he^  and  Bonie  Aiji|i 
between  that  nerve  and  tho?^e  proceeding  more  directly  fn^rn  the  ' 
Oblongata.     According  to  Valentin,  the  01  os^o* pharyngeal  is  ih«  i 
^KJTtion  of  the  iir^t  pair  from  the  Medulla  Oblongata,  of  which  the  iiMitiirl 
part  is  chiefly  comprehended  iu  the  Facial  uerve.     Although  we  ane  ic-i 
cui^tomed  to  consider  the  Fifth  pair  as  par  imiwiiee  the  Spinal  nerve  of  the| 
head,  the  foregoing  statements,  founded  upon  the  hiattuy  of  developn 
show  that  the  nerves  of  the  Orbit  really  belong  to  its  motor  ttortiotJ ;  tbrj  iMf  I 
consequently  be  regarded  as  altogether  forming  the  jlrsi  of  the  vUermi^nl^ 
nerves  of  the  craniunu     The  Facial  and  Glii^^o-phttryiigeal  appear  Id  i 
stitute  ihe  9e€ond ;  whilst  the  Far  Vagum  and  spinal  Accesiiiorv,  '       *      tJ« 
third  pair,  intervene  lictween  this  and  the  two  Spinal,  of  wbi>  .  P"**  j 

glossal  may  he  considered  as  the  first. 

409.  Fumtiom  of  the  Spitmi  Axis.—lo  considering  the  functions  fjf  tif 
Spinal  Cord,  wc  have  to  regard  it  under  two  aspects ;— in  th**  I  «t 

a  mnduchr  of  nervous  force  between  the  Nerve-trunks  and  lb-  ,    i^lir 

centres ;  and  iu  the  second  place,  as  itself  an  indrprndtfit  rrtttre  i\i  m^nom 
power.  As  a  mere  conductor  of  nervous  force,  its  tuncttoos  ane  t)*e  mnw  •* 
tho9e  of  a  nerve-trunk  :'  for  if  it  be  divided,  all  the  parts  of  the  IkkK  whicl 
are  solely  supplied  l>y  nerves  coming  off  below  the  point  of  iPtNjtiiiu  »n 
completely  paralyzefl,  as  far  as  regards  seuKibility  and  voluntary  iimvemi^I; 
no  impressions  made  upon  them  having  the  least  power  to  a^eet  the  ^^rt^ 
sciousnei»s,  and  uo  exertion  of  the  will  being  able  U*  determine  fotflrai-tiufl 
of  their  muscles.     This  state  of  parfipUgla,  which  may  be  pm  -fl/ 

induced  in  animaU,  i»  frequently  exhibited  in  Man  as  a  t&^uIi  *r 

cjf  disease  which  seriously  implicates  the  Spinal  Cord ;  and  as  it  bmi  i^^'Hi 
shown  that  among  the  lower  animals  complete  reunion  of  the  (\>rd  irim  t*lt# 
plac^e  after  complete  division,  a?^  indicateil  by  the  entire  ' 

functional  power?  and  the  complete  redintegration  of  its  ^t 

'  On  thf*  pnfnt^  m  w«!I  w  nn  the  fanetions  nrthoCephnlic  nerves  crffiT^mtTT.  '^  ^^■\ 
TaMnimt  De  P'lirietiofilbu* Ncr^oriim  Oi^rrhrMlium  et  Xcrd  Symp:  ■  " ■' 

'  Vutcniin  (Dill  Z<ickimg«|Ee9etR*+  d^s  blmnilen  N^^rvi^ii  und  y\  ^j 

i»b*erve^  that  tKo  whola  spinrvToorct  behstvaa  like  a  Inri^o  ncrvo  or^  ii('i'i)  tn^  tImJ'^ 
itiftiufntion  to  h^  thungh  iU  irritablHty  U  Vi^ry  niptJly  i>xlmo-ii*d. 

•  See  thi*  Hdmifatilo  re^eiircht^a  t>f  }i.  Br<*wn-Scqimrtit  in  QuMHUt  Jl^k«J«,  IW. 
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we  reason  to  believe  that  a  similar  regeneration  may  take  place  to  a  con- 
sidemble  extent  in  Man,  thr*  being  marked  by  the  g^radual  return  of  sensi- 
bility and  power  of  volnnfary  movement  in  the  Jower  limba  which  had  been 
at  first  f(*mpletely  paralyzed.  Tins  regeneration  is  of  course  le^e  likely  to 
occur  in  eatsea  of  disease,  when  the  parts  around  are  in  an  unhealthy  state, 
than  when  the  paral}**!^  is  due  to  injury,  which  all  the  re^itorative  powers  of 
the  system  are  engaged  in  repairing;  but  it  is  to  be  remembered,  that  as  the 
injuries  which  are  likely  to  cause  such  lesious  of  the  Cord  are  nearly  always 
atteudfd  with  severe  concussion  (it  being  very  rare  for  the  Cord  to  be  acci- 
dentally wounded  by  the  f>enetration  of  a  siharp  iristrumeut  between  the 
vertebne,  in  the  mode  in  which  experiments  are  made  upon  animals),  some 
of  their  first  effeetij  are  attributable  to  the  short  which  it  has  sustained ;  so 
that  the  partial  recovery  which  takes  place  at  an  early  period,  mui^t  not  be 
regarded  as  the  result  of  regeneration  of  nervous  tissue,  which  requires  a 
much  longer  time  for  its  completion, — The  conducting  power  of  the  entire 
Spinal  Cord  being  thus  established,  we  hiivo  next  to  inquire  whether  any 
difference  in  endowment  can  be  shown  to  exist  in  its  several  columns. 

500.  The  Spina i  €hrd  coimdered  m  a  Onndmtor  of  Senior}/  Impressions  and 
Motor  Imp  uls^s —  Th e  Po derlor  Volu miu.  — ^T h e  con eu  rre n  1 1 es ti  mouy  o f  n e a r ! y 
a  1 1  obae  r  vers  f  h  o  ws  th  at  th  e  poste  rior  co  1  u  ni  n  s  a  re  h  ig  h  ly  se  nsi  ti  v  e ,  the 
slightest  irritation  applied  to  their  surface  causing  the  animal  to  give  indi- 
cations  of  pain  ;  whilst,  after  division,  irritation  of  their  cut  sjurfaces  not 
only  causes  pain,  but  in  many  instances  convuUlve  movements  also  occur 
Eiperimeuts,  moreover,  can  be  made,  which  demonstrate  that  the  pain  \b 
attributable,  not  to  the  fibres  of  the  columns  themselves,  but  to  the  posterior 
roote  of  the  nerves  which  traverse  them.  Thus,  if  the  Spinal  Cord  be  ex- 
posed, and  a  few  ndnutes  allowed  to  elapse  to  permit  the  effects  of  the  mere 
exposure  to  pass  off,  the  sensibility  of 
the  skin  of  the  hind  limbs  may  be 
shown  to  be  everywhere  perfect.  If  a 
section  be  now  made  through  the  pos- 
terior columns  (r  p.  Fig,  2'29)  by  pass- 
ing a  tenaculum  from  side  to  side,  and 
cutting  down  upon  it,  and  any  nerve 
(K)  connected  with  a  part  of  the  cord 
below  the  section  be  stimulated  as  by 
pricking,  the  cries  and  movements  of  the  animal  show  clearly  that  the  con- 
duction of  sensory  impressions  is  not  materially  interfered  with.  On  the  other 
hand,  if  after  the  same  preliminary  proceed- 
ings, the  whole  of  the  Spinal  Cord  be  divided 
transversely  (caL,  sg,  Fig.  230),  with  the  ex- 
ception of  the  posterior  columns  (cp),  it  will 
be  found  that  the  sensibility  of  the  posterior 
limbs  is  entirely  abolished.  It  is  clear,  therefore,  that  the  posterior  columns 
do  not  constitute  the  eontinuzition  of  the  posterior  root^.  The  circumstance 
that  after  division  of  these  columns  the  surface  of  both  the  caudal  and 
cephalic  segments  of  the  cord  are  acutely  sensitive,  is  considered  by  M, 
Brow*n-S^quard  to  be  due  to  the  fact  that  some  of^  the  sensory  fibres  of  the 
posterior  roots  (Fig.  238)  ascend,  whilst  others  descend  a  little  way  in  these 
columns  before  crosjsing  to  the  opposite  side.  There  is  grwd  reason,  then,  for 
believing  that  the  proper  fibres  of  the  posterior  columns  arc  insensitive,  and 
it  seems  not  improbable  that  they  consist  essentially  of  commissural  fibres 
(f,  Fig«  238)|  which  run  longitudinally,  and  bring  different  eegmentg  of  the 
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oofd  ID  to  coDuectkm,  tlius  aiding  in   the  i»<>-or(li  nation  of  cx>tiipl«il  in 
mautii.   For,  in  the  first  place,  if  tlie  posterior  columns  are  diviil«?a  aliti 

successive   places,   it  will    be   found   tC»t 
^**"  ^1'  movements  of   locoiootioD   become   nyan  iAl] 

fc/ 7\      morti  disordered  in  pniportioB  to  tbt?  otinber 

the  sections  (Fig.  231),  whikt  it  is  wfJl  h 
that   locomotor  ataxy,  in  which    u^VrtiuQ  t^ 
power  of  locomotion  and  of  coord  = 
nicnt«  is  remarkably  impaired,  is  n 
dis^ea^e  of  these  colnmti^.     BcliitfV  however,  concludes  from  hir^  t-s 
ihat  the  posterior  colurnus  are  e^seutially  dt^tined  to  conduct  tar 
tiona  as  opposed  to  tliose  of  pain  or  pressure  ;*  since  every  Ii^ifio  ^4  iU^ 
columuf^  causes  a  permanent  loir^^  of  tactile  sensation^  at  least  whrti  the  leiiiia  i 
is  in  the  lower  part  of  the  cervical  and  the  dorsal  part  of  the  cord. 

AnhroAaicnd  Cohumu. — The<?e  coluinos  are  chiefly  composed  of  lon^ili 
nally  running  fibres  (m,  Fig*  2^^)  which  conduct  volitional   imnttl*e»  tol 
groups  of  motor  cells  (.L,  Fig.  %\%)  in  the  anterior  cornua  of  toe  gtnj  »iiti 
stance;  but  in  part  also  of  Sbrea  proceeding  from  these  cells  and  mnubi^ 

transversely  to  emerge  ba  the  ntitifnuf  I 
^'''*-  232,  roots  of  the  spinal  nerve"*    Some  an- 

atomista,  as  Schimler,  admit  the  ta-j 
istence  of  longitudinal  conimi^uTS  ^ 
fibres  (indicated  bv  dolfcnj  \\n%'^  i«l 
Fig,  238)  serving  like  Uo^m^  nf  iBt  ^ 
posterior  columns  to  b  *"  rroti 

Begraents  of  the  cord  into  eonueetlon.    The  volitional  motor 
respondinoj  readily  to  their  natural  stimulus,  anawcr  but  slowly  ia*lu*L 
tation.     Feeble  indicuttons  of  sensibility  can  be  obtained  un  irrimiing  I 
which  has  been  attributed  by  Claude  Bernard  to  the  presence  of  ret^unvntl 
froni  the  posterior  roots*     If  a  section  of  the  cord  be  made,  a-s  in  Fig^l 
dividing;  the  posterior  columns  alone,  the  animal  h  still  cajwible  of  tnii 
all  the  muscles  of  its  posterior  limbs  voluntarily.     But  if  the  aoteHof  \ 


«  Centrftlbktt,  1872,  \k  774.    See  uImj  Load.  Med.  K<^ord,  Jiin,  T'^  " 

'  Schiff  Bpreea  willi  Smulirs  Ej'.ii,  wIhj  ba^  ftrurid  thut  l\w  UrtH**  |i  ^<m»  ^ 

terior  roots  in  the  lumbiir  regiun  rioi  obliquely  npwiird.«  fur  two  or  t Ik  f^*^ 
they  enter  the  puslcrior  caVumnfi.     Tlu-  pof,ieriof  tmtumfiA  nf  tlti<  h'.\ 

animaU  (doj^a)  conlwin  thw  Inciile  ntrvesi  of  the  or^wn^  nf  grfiHfntii  i  ,  ,          ,    i  .• 

and  IniL     The  laclile  nerves  rif  tho  fi»i*t  Ue  in  olhcr  rcgii^n*  «t   iho  iu-ra.     Ubd^ 

lesion*  of  Ibe  posterior  ct^hmtns   in   th<?  uppur  part  i*f  ih»?  lunibwr  -.  i^mmt  cmsm 

pHrulys^U  of  UictJle  si*H9«tkm  in  th*^  re^fion  fif  the  Hroj»,  whil**  Xhv  9t'n«ni  !  »♦» 

of  the  po^tt'Hor  <?ittrt?tniiiea  nnnnifi  luirnml      In  I  be  region  situHtiHl  t**t 

three  ccrvicul  vertubrtt*  IherL;  ia  h  »<trioicl  of  white  sobsil«nt'H  in  th*'  i* 

which  BerVi^B  us  thfl  pnlh  by  whit'li  tbv  i^enpriry  ifiipriv^inns  eicitir  ->^f^ 

aioveinentsin  rf'Bpirnlian  Rrecon*iij('t«'d.     Lt^it^n*  of  the*e  ilrninJ  »Ni 

purmuJit'io  piirHlvfiii  of  the  respiriiLory  mo^^ermoiU,  nrntfr  conijh  c-* 

other  piirt^  of  the  ford.     8ecliofi  of  ilie  Uitenrl  toiunm  in  llic  n  _k-' 

ciiUftt!^,  itlong  with  II  ^ri'iilpr  or  Ip^s   rniirTiMbility  lo   tuctite   in  *•<• 

immobittty  i>f  llie  ribsduriDGrrt^pirHiittri.    Si  hiff's  tnvi(**ti|fiitit*n^  f'**>< 

Iho  JmIithI  c<5luMiH8  in  ibedorsHl  ngion  have  ant iJ-fled  biin  ihitt  iii**_v  d*.  ti«.»t  t.*<iiiit 

ih©  conductors  of  the  sensory  iniprpT^iMns  of  pitin  or  uf  pre^ftUfe  for  i1».*  Kindarn* 
iremiliisj.    Tb*r?ie  nre  c*M>veyed  thrtnii^b  ihi^  t-i^ntrMl  ttn*i  UU^rHl  l' 
cord.     Tbe    tiili^rr^il    gniy  pubstunct*  i«f   I  be  rjghl  sldij  In  Trmn,   : 
fipeoiidly.iind  f  erhiip  uUn  extHm^ivfly,  run d ma*  tht^  fen!rHtU>ri»  <j1  (.i,  i 

fKk&terior  lirnb,  nnd  victvtrM&.    ChL^,  lir»wi''V<T,  k^rni  i*n  c SLCopliori  t<i  t  r^ 

the  conl  of  these  tininutlis  the  si^nsory  piiih»  do  not  docu^^nte.     Sihiff  -  m 

h-sions  *^r  Hhnoftt  nny  purt  of  ihc  ct*rit  h  cuniptii Malory  ujsfiuniptiitn  *-  'O* 

of  tbe  injured  pMi-l*  by  tho  e  bft  iniHt't  mny  Uko  plitce.     The  only  t  .               r^H 
in  the  cHi^e  of  the  p4»&terior  columnA< 
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lateral  columns  be  divided,  all  power  on  die  ?ide  of  the  section  is  lost, 
[Dn  WonxTchiloff  in  experimenting  on  rabbits  by  dividing  the  cord  at  the 
la^t  dofiiial  vertebra,  arrived  at  the  ctmclusion  that 
all  the  channels  of  motor  and  sensory  impresHiona 
are  in  the  lateral  columns.']  Some  diminution, 
thongh  not  entire  abolition  of  voluntary  control 
over  the  movements  of  the  posterior  extremities  of 
the  same  §ide  is  caused  by  division  of  the  posterior 
colnmns  and  gray  substance;  the  reason  of  this  re- 
suit  is  clear  from  an  examination  of  Fig.  233.  It 
is  here  seen  that  the  section  of  the  antero-lateral 
column  (a,  b)  divides  all  the  fibres  connecting  the 
motor  cells  in  the  anterior  horns  of  the  gray  sub- 
stance with  the  brainy  whilst  section  of  the  gray 
substance  and  po6teriorcolumnB  (e^d)  only  destroys 
s  eertain  number  of  the  cells  and  their  comraunica- 
tion&  wnth  the  brain,  those  above  and  below  remain- 
ing uninjured,  and  therefore  retoining  their  activity. 

The  section  of  one  antcrodateral  column  does  not  produce  quite  complete 
pamlvsls  of  the  parU  on  the  same  side  supplied  by  nerves  issuing  from  the 
cord  behiml  the  section,  and  it  would  seem  probable  that  some  of  the  motor 
fibres  run  in  the  anterior  parts  of  the  gray  substance, 

Tlw  Gray  Stib^Uiuee  of  the  iSpmai  Cord. — The  gray  substance  of  the  cord  is 
undoobtedl y  the  channel  through  which  most  sensory  impressions  are  con- 
ducted to  the  brain,  and  in  it  are  contained  at  different  levels  those  groups 
of  ganglionic  cells  or  nerve-centres/ which  preside  over  certain  special  func- 
tions. It  is  remarkable  that  it  doej*  not  respond  to  direct  stimulation,  and 
that,  notwithj'tanding  that  it  contains  so  many  sensory  fibres^  it  may  be 
pricked,  pinched,  or  otherwise  irritated,  without  any  indications  of  pain 
being  given  by  the  animah  This  pecidiarity,  first  pointed  out  by  V.  Deen, 
has  led  Schiffto  apply  the  term  lesthesodic'  to  it,*and  he  believes  that  it  is 
capable  of  conducting  in  any  direction  either  transversely  or  longitudinally. 
That  sensory  impressiouB  are  chiefly  con- 
d  uc ted  th  rou gh  th  e  g ray  sn  hst a  n  ce,  i s  sh o  w  n  ^^^ ■  ^^* 

on    the   one    hand    by  retaining  it   intact^  ^  , ,  ^^y 

whilst  all  the  white  columns  are  divided      ^^^^T^^^^^^^^^jtrij 
(Fit:.  234) »  when  the  sensibility  of  the  hiiid 
limbs  will  be  found  to  be  but  slightly  im- 
paired ;  and  on  the  other  hand  by  dividing  the  gray  substunee  alone  (Fig< 
835),  when  the  sensilivene^  of  the  posterior  extrem- 
ities will  be  found  to  be  entirely  lost.     But  it  can  Fro.  235, 
be  further  ^hown  by  experiment,  that  the  sensory 
fibres  of  the  ptistenor  ronU  of  the  spinal  nerve  do 
not  ascend  on  their  own  side,  but  ^rtm  over  to  the 
tfppo^ite  a^ide,  either  immedmtei^t  ^r  afler  a  short  «*- 
cendiut;  or  de^f^endm^  <^urBe.     Thus,  if  a  series  of 
sections  be  carried  from  without  inwards,  the  first 
of  which  divides  the  cord  as  far  as  to  the  imaginary 
line  A,  Fig.  235,  and  the  succeeding  cuts  \y&  made 
progressively  dee|ier  and  ilee|>er  as  to  b»  c,  d,  and  E, 
It  will  be  found  on  testing  the  sensibility  of  the  ani- 


-Tl 


*  [Bcx-enl  Bc'^wi-trn  Physiulngy,  by  HP.  Bowdilch,  M,D-,  Lud  wig's  Arbfliten^  74.] 

*  From  aiffd^t^^  sensiitiun,  and  ticJaj-,  u  path.     Up-  cil.,  p.  247. 
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mal,  that  the  hind  limb  of  ihe  side  opposite  to  that  on  which  th^fcrticfti 
made,  becomes  progrei^sively  le.ss  nnd  less  f^ensitive,  till  at  last  wbt^n  tLr  le^ 
tiou  has  jiassed  a  little  beyond  the  middle  line  it  h  entirely  h^L    Btilif 
the  nerve- fib  res  ministering  to  common  sen  sat  ton  on   both   sida§  ili-^iia^i* 
In  the  spinal  cord,  it  mu^t  follow,  that  on  making  a  longiiudmal  ^ 
from  abcjve  downwards,  along  the  whole  length  of  the  cord,  dividi"  '  ' 
two  lateral  halves,  sensibility  of  both  sides  of  the  body  shonld 
extingutsthed,  for  guch   a  section   would   obviously  divide  all  ih* 
nerves,  and,  according  to  M.  Brown-8^qnard,  this  h  actually  ih** 
obtained.     Other  obsene^er^,  however^  as  Ore,^  Longet,  aod   "-'  ' 
admitting  there  is  great  diminution  of  sensibility  after  a  Iohl 
siou  of  the  cord,  maintain  that  distinct  evidence  of  the  condn< 
impressifins  may  still  be  obtained;   and  it  seems  probable  : 
periments,  that  some  few  fibres  may  ascend  in  the  gmy  m\]t^' 
posterior  white  columns  of  their  own  side,     Perhnpc*  the  discr«  . 
results  of  the  opratiou  in  the  hands  of  different  eX|K'rimentcr><  arv 
differei)t  animab  having  been  used  ;  for  M.  Brown-S^ijUard  ha;*  hi 
eerved,  that  the  decussation  of  the  sen,^ory  fibres  is  neither  8o  compkl*  4 
immediate  in  Reptiles  and  Birds  as  in  Mammals;  and  he  has  further  no 
that  it  does  not  seem  to  be  so  perfect  in  the  lumbnr  a^*  iu  the  dr^r^al 
The  iniportant  experiments  made  by  31,  Brown-S^-qmird  show  ckar 
whilst  ihe  sensory  fibres  of  ihe  posterior  roots  in  part  run  at  once  t<»  the< 
posite  side  of  the  gray  substance,  some  of  them  ase4>nd  and  other>«  dcs 
for  a  short  distance  in  the  gray  subitauce  before  deousaating.     Thus,  if  i 
auimaS  the  posterior  eolumns  be  divided  above  the  origin  of  a  par 
pair  of  nerves,  and  the  posterior  columus  l>e  then  dissected  bark  f<iri 
distance  (Fig.  280),  whiL^t  in  a  aecoml  animal  a  section  be  n 
ately  below  the  origin  of  ihe  same  pair  of  nerves,  and  the  Siiur 
made  (Fig.  237),  iu  the  former  eoae  the  Bap  will  only  commuuiaa^  with  i 


Fig.  236. 


Fro.  217, 


gray  lubstance  by  its  lower  extremity,  and  in  the  latter  by  its  mfftrfSr 

tremlty.     In  both   instances  the  animal  will  continue  to  give*  indii-alinn* 

wheu  the  uerve  in)  h  pinched,  that  sensory  impressions  are  ^till  'ViuveTtTi 

to  the  sensorlum  ;  thus  showing  that  some  of  the  fibres  desceniT 

Rseend  in  the  posterior  eolnmnsj  for  some  distance  before  cm 

»nbst4UK'e,  following  in  the  two  cases  the  course  marked  In  the  e._ 

lina?  R,  a,  n,  b.     By  making  sections  beginning  at  k,  two  cent 

the  point  to  which  ihe  posterior  column  had  been  reflected.  ^  '■ 

mm  fonnd  to  be  still  acute,  and  gradimlly  approximating  th*^ 

tion  of  the  posterior  column  till  sensation  was*  found  to  lie  nh*\ 

S^qyard  ascertained  that  iu  the  dog  the  posterior  root.**  after  ;l 

the  post  erior  col  u  m  us  s  p  read  u  p  wards  a  n  d  d  o  wn  w  a  rd  s  i\v  r  a  d  j 

6  centimeti-es,  or  from  an  inch  and  a  half  to  one  inch  and  thr*  ^   {— - 

fore  entering  the  gray  substance.     The  sensory  fibres  which  ent^r  tu*^ 

ganglionic  ^Us  of  the  aaterior  cornua,  and  are  subservient  to  rrlfcx  mS^ 


I  Cf^tnptci  R4jndu*,  t.  38,  1^54 . 


*  Up*  ciL|  p^  t7. 
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to  decusBnte  nearly  in  the  same  plane  aa  that  at  which  they  enter  the 
^  It  would  apf>ear  that  the  smallest  l<ingitudinal  ooiiimn  or  transverse 
layer  of  the  gray  subfitanee  remaining  intact,  may  Kerve  to  a  certain  limited 
extent  as  a  means  for  the  eoiidnction  of  the  mumry  \m\iremiyn»  of  either 
side.  The  central  portions  of  the  gray  suhstance  are  the  m<>^  effective  in 
the  transmission  of  sen?ations»  much  more  3?o  at  all  ev^ents  than  either  the 
an  ten  or  or  posterior  comua  (Brown-S^uard). 

601,  M.  Brown -S^quard  has  adduced'  very  atrong  evidence  in  favor  of 
there  being  special  cnoductors  in  the  spinal  cord  for  the  sensations  of  tonch, 
pain,  tickling,  and  temperature,  besides  those  conveying  motor  impulses, 
none  of  which  can  convey  other  sensations  than  their  own,  and  he  conj^itlers 
that  clinical  facts  demonstrate  that  each  of  these  four  s|)ecies  of  eensory 
nerves  occupies  a  di^ftinct  part  of  the  cord,  those  coming  from  the  inferior 
extremihes,  and  a  great  part  of  the  trunk  forming  a  group  which  in  the 
upper  part  of  the  cervical  region  Is  placed  behind  those  proceeding  from  the 
thoracic  members,  all  of  which  decussate  in  the  spinal  cord.  Dittmar*  even 
goes  beyond  this,  and  contends  that  there  are  special  fibres  which  respond 
only  to  mechanical,  chemical,  and  electrical  stimuli  respectively.  They 
exert,  he  thinks,  a  reflex  actif^n  through  the  vaso-motor  centre  upon  the 
vessels,  producing  increase  of  blood-pre^ure,  M.  Brown-S^quard*  has  alsf* 
satisfied  himself  by  experiment  that  the  nerve- fib  res  employed  in  making 
muscles  contract  in  fits  of  epilepsy  are  quite  distinct  from  voluntary  motor 
nerve-fibres^  and  that  whilst  the  voluntary  motor  nerve^fibres  are  chiefly  in 
the  anterior  gray  and  white  parts  of  the  cord^  the  others  are  chiefly  in  the 
lateral  column,  and  this  is  in  accordance  with  the  observation  of  51*  Charcot, 
that  inflammation  (sclerosis)  of  the  lateral  column  of  the  spinal  cord  is  in- 
variably accompanied  by  strong  muscular  spasms.  The  conductors  minister- 
ing to  the  muscular  sense»  on  the  other  hand,  like  those  which  convey  the 
mandates  of  the  will  to  the  muscles  and  the  vaso*motor  nerve,  do  not  decus- 
sate in  the  cord.  The  conductors  for  impresj^ions  of  temperature  in  the 
dorsal  region  of  the  cord  and  in  the  cervical  enlargement  appear  to  occupy 
the  central  parts  of  the  gray  substance ;  the  conductors  of  impresgionss  of 
pain  are  more  disseminated,  and  are  found  in  the  lateral  and  posterior  parts 
of  the  gray  substance,  whiUt  the  conductors  of  the  impressions  of  touch  and 
tickling  are  chiefly  situated  in  the  anterior  parts  of  tlie  gray  substance.  A 
very  remarkable  result  of  section  of  one-half  of  the  Spinal  Uord  is  that, 
besides  the  ana^thesia  which  is  established  on  the  opposite  side  of  the  body, 
there  is  produced  a  state  of  exalted  sensibility  or  hvf^ra^thestia  on  the  same 
side.*  This  condition,  made  apparent  by  the  cries  of  the  animal  on  the 
slightest  pricking  or  pinching  of  the  skin,  begins  to  appear  a  few  hours 
after  the  operation,  rapidly  attains  it^  full  intensity,  and  continues  to  be 
well  marked  for  from  17  to  22  days  in  dogs,  and  from  12  to  10  tlsys  in 
cats;  after  which,  according  toSchifi/  it  gradually  decreases,  until  at  length 
the  sensibility  falls  lielow  its  normal  acuteness.  M.  Brown-S^quanl  has,  how- 
ever, observed  it  to  persist  in  guinea-pigs,  though  not  in  a  very  high  degree 
of  intensity,  for  many  mouths  after  the  operation.  The  cause  of  this  phe- 
nomenon has  not  been  accurately  determined,  It  is  certainly  accompanied 
by  an  increased  flow  of  blood  and  increased  temperature  of  the  parts  to 
which  the  nerves  are  distributed,  and  hence  may  be  due  to  paralysis  of  the 


I  S4*e  Miinus  nnd  Ynrilutr,  Ci^nlrzilblutt,  1870,  p.  X. 

'  fiv^  his  Journiil  dc  PhvsTt^ltigie,  18Ha-l8Gt>;  Archives  de  Physiologie,  1868. 

3  Ber.  J    Ssithi.  Ge^fll,  d    Wias  ,  1870,  p.  18. 

*  Luncet,  1670,  vuL  i,  p  2, 

•  E5e«  firowa«8eqUKrd,  Uenirftl  Nervoua  Syetcm,  1860,  p.  19.      *  Op  cit,  p,  27o. 
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va^o-motor  nerves-  Comidemble  dlflferencei?  undoybteflly  exist  in  the  pod- 
tion  of  the  motor  tracts  in  diHerent  parts  of  the  Spinal  Cord  ;  and  M,  Brown- 
h^quard*  concludes  from  hm  iiumerouB  experimeiits  oo  the  effects  of  settion, 
that  whilst,  in  the  domal  region,  all  |>aH5  of  the  Spinal  Cord  except  the 
posterior  coin  nana  are  emplojed  in  the  eonveyaooe  of  the  orders  of  the*  Will 
to  the  tnnscles,  in  the  upper  part  of  the  cervical  region  most  of  these  con- 
ductors are  in  tfie  lateral  columns,  and  in  the  gray  substance  between  lhe»e 
and  the  anterior  column*,  the  latter  here  having  little  share  in  the  transmis- 
sion of  such  impulses.  The  sanne  ol>server  has  satisfactorily  shown  that  the 
fibres  which  trammif  motor  immikes  deeumxte  almod  eM!hishdy  aithe  Imaer  part 
of  the  Medidfa  Oblongata,  1  bee  a  r.  Fig.  239.)  Hence  if  a  section  of  one-half 
of  the  Spinal  Cord  be  made  (as  at  j.  Fig.  239 )» loss  of  movement  on  the  iome 
mde  occurs,  in  consequence  of  tbe  division  of  the  ascending  motor  fibres  {a 


Fifl.  i23». 


Fio. 


Fjo,  338,— At  Foalerior  Column,  b,  Postnrhjr  liorn  nf  graj-  matl^r.  c.  Anterior  horti  of  gnj  ln»tt«f* 
n^  Atitt^ro-Uteral  cnliimQ.  it,  hoo^Sbr^i  of  ihe  pottertor  column  prop**r.  r»  A  po*ti?rior  uprvr-Kiat 
a,  Ascend iiig  rmsi-leuhii  of  this  root,  u,  Olnpct  ntsclculm.  i«  Deacvndih^;  fuM'leuliu.  J,  BiHcx  m<iix» 
toot.  |£,  rhaln  of  Mhsnty  celk.  *..  Chain  «raiator  ctH*.  m,  Eaeeplviic  ffbrca  flf  ttaeautertoreiiluisak 
Kt  Antfirior  iipftt'-rtMjla,    r*,  L<n>p  Mires  of  Ibe  milfirlor  roou. 

Fiii.  2^9.— DfRffnin  ilMHriog  the  Cflurte  wf  the  Motor  mud  Senwir  Fibfw  lo  the  Bplnul  Cord  in4 
Mi^diiUai  ObioiigitA. 

from  the  anterior  root«;  whilst  if  the  section  be  nrnde  at  the  level  of  the  dc^ 

ouB^tiou  of  the  anterior  pyramids  (as  at  2),  paralysis  of  the  muscles  of  both 
iides  is  produced  ;  lastly,  if  a  section  be  made  a  little  higher  (as  at  1 ),  paralysis 
of  the  muscles  of  the  oppoj^ite  side  rei^ults,  Numerous  fibres  belonging  to  the 
anterior  roots  undoubtedly  decussate  through  out  the  greater  part  of  the  Spinal 
0>rd  ;  but  these  are  probably  destined,  aa  suggested  by  Brown-S^^uard,  to 
be  elmnnels  for  tbe  conveyance  of  reffex  actiona.  Schiff  proposes  the  terra 
^'kiueaoiiic^  substance''  for  tbe  material  by  which  motor  impulses  are  CL*n* 
veyed  along  the  Spinal  C^rd,  on  the  grouud  that  when  directly  stimulated 
the  uKJVf'ments  perfbnned  are  few  and  imperfet't ;  and  he  thinks  that  a^  with 
tlie  *'iB4lhesodic  substance/'  so  with  the  '*kinesodie  snbstanee,"  the  ^mallait 
p<jrtton  is  caj-tfibie  of  transmitting  motor  impulses  in  any  direction.  From 
the  results  of  the  foregoing  exi>eriments,  which  are  fairly  in  accordance  with 
the  microscopic  analysis  of  the  CK>rd  given  by  Lockhart  Clarke  (§  4^1)  and 
otherss/  it  may  be  concluded, — 1.  That  sensory  impressions  are  conducted  to 
the  spinal  conl  by  the  posterior  roots  of  the  spiiml  nerves;  that  the  fihre«  of 
the^e  routs  diverge  on  entering  tbe  cord,  some  passing  directly  across  to  the 


>  Op,  cit.T  p.  ^6>  '  From  fcVi^/cn^,  moti^^ri^  und  irf/^;,  11  p»lh. 

>  For  *.*onlirmjflory  evidence,  leo  M.  Bruwn*$e*|uiirii^»  irciilift©;  tit^hiC  Op,  cit ; 
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opposite  side,  others  nmning  upwards  and  downwardi^  for  the  spaee  of  half 
an  inch  or  lu ore  in  tbe  posterior  eokinins  before  decQK*-ating  ;  and  that,  having 
decussated,  these  fibres  run  from  below  upwards  iu  the  graj  substance  of  the 
curd,  2,  That  the  motor  nerves  run  for  the  most  part  in  the  anterior  and 
a ulero- lateral  colnrans,  and  that,  they  decussate  at  the  lower  part  of  the 
medulla  oblongata,  3,  That  there  are  special  conductors  for  particular 
sensations  as  for  touch,  pain,  tickling,  and  temperature,  which  decussate 
in  the  cord,  whibt  there  are  others,  viz.,  tho^  which  convey  motor  im pulses 
lo  the  muscles,  and  to  the  vessels,  as  well  as  those  ministering  to  the  muscular 
sense,  which  do  not  decus^te* 

502.  The  Chrd  ajg  an  Independent  Centre.— V/'e  have  now  to  consider  the 
Spinal  Cord  as  an  iiitlependent  centre  of  nervous  power,  and  to  inquire 
whether  the  movements  which  are  excited  through  its  "reflex"  activity 
necessarily  involve  sensation.  These  movements  are  most  charactenslically 
displayed,  when  the  Spinal  Cord  is  cut  off  from  communicatton  with  the 
higher  Nervous  centres;  probably  rather  because  the  nerve- force  excited  by 
the  impression  reacts  through  the  Spinal  ganglion  to  which  it  is  conveyed, 
when  it  can  no  longer  pass  on  to  the  Encephalic  centres  (§  459 ),  than  be- 
cause (aa  some  suppose  J  the  impulse  to  reflex  roo%^ement  is  ordinarily  neu- 
tral ized  and  rendered  inoperative  by  an  effort  of  the  Will.  It  is  true  that 
those  reflex  actions  of  the  Spinal  Cord,  which  are  necessary  to  the  mainte- 
naoce  of  Organic  life,  and  which  are  equally  pierformed  whether  the  Spinal 
axis  be  in  communication  with  the  higher  Encephalic  centres  or  not,  are 
continually  modified  or  temporarily  suspended  by  the  Will ;  but  this  is  only 
when  we  consciously  bring  the  Will  to  bear  upon  them ;  and  it  is  no  lees 
certain  that  we  are  not  conliimaUy  makiug  any  such  exertions,  iu  order  to 
antagonize  movements,  which  {as  we  learn  from  Pathological  evidence') 
would  be  continually  excited  but  fnr  this  neutnilizing  influenee»  if  such  a 
doctrine  were  ci>rreet^^ — ^The  readiest  demon^stration  of  the  independent  jiiiwer 
of  the  Spinal  Oml,  is  derived  from  the  motions  exhibited  by  the  limbs  of 
animals,  when  irritation  k  applied  to  them  after  eectirm  of  the  Spinal  Cord 
at  gome  point  above  the  entrance  of  their  nerves;  the  iact  that  th^e  move- 
mentd  are  reflected  through  the  Cord^  and  are  not  the  product  of  direct 
tttmulation  applied  to  the  part  irritated,  being  shown  by  tlieir  complete 
cessation  when  the  nerve-trunks  are  divided,  or  the  suUtance  of  the  Spinal 
Cord  is  broken  down.  Thus,  if  a  frog  i?e  decapitated,  its  body  remains  &u[>- 
ported  on  its  limbs  in  the  usual  position,  and  will  recover  this  if  it  be  dis- 
turbed ;  irritation  of  the  feet  will  cause  it  to  leap;  and  tickling  the  cloaca 
with  a  probe  will  excite  efforts  to  push  away  the  instrument.''     It  is  to  be 


1  See,  far  exnmple,  the  cuae  of  Softening  of  the  Spinal  Mnrrow,  rpcorded  by  Dr, 
Nftirtie  in  iim  Mod -Chi r,  Tr»ns.^  vol  xx3tiv-  in  whit-h  &  [n*n'u *n  of  i\w  Cord  nt 
lan^t  an  inch  long,  Hiuated  opposite  the  third  and  fourth  dorsal  vertebrie,  wa*  »'  so 
toft  tliMt  the  islightest  pressure  of  the  linger  bruko  it  up,'*  boiu^  neurly  in  a  fluid  »tat« 
thfgugli  iu  whulo  thicknesi  ;  yet  the  putk^nt  fult  pain  in  hiiJ  U»wer  Mmbs;,  fibowmg 
Ibnl  lilt!  piiwef  of  upward  trAH^rait^^iim  remnirved  ;  and  iillbough  be  had  lo^t  nil  Volun- 
tary control  over  the  mit&dl^  of  the  lower  part  of  thf^  hm\y^  yet  they  were  ftftfcied 
wiih  inceasdnt  i-Aoretc  movement  ( which,  uc(;ordinK  to  Dr,  Hug  blinds  J  nek  son  ^  Ed  in. 
Med.  Journ.,  Oct.  IB^S^  p.  £M,  oi'iB;irinLCB  in  MnbJlbm  of  th<*  vej-sela  of  the  Sensory 
GrirjgliuJ,  and  these  movemi»ntfi  were  Hflecled  in  such  a  marked  tnanner  by  rnioiions^ 
«fi  filtijniy  to  indicate  a  ttawnwrtrfi  trHnsmission  of  motor  powfir 

^  It  hft*  been  pointed  out  by  Messrs.  Todd  and  Bowmiin  (Physiological  Anatomy, 
vol.  i,  p.  315),  tnat  tJie  SpiTiKl  Cord  of  the  mnlo  iP^'g^  tit  the  steafon  ot  copulatToni 
naluriiily  po^aessea  a  ptsite  of  mtif^t  extr«nrdin«ry  excitHbility*  The  thumb  of  etieh 
antt^rior  ejlremity  at  this  season  becomea  cfmsidiTably  enbirgedT  a^  J*  well  knuwo  to 
KitturuliBtA*  **  Thb  enl argemen t  is  rauued  |irinci pal ly  by  tt  con$idt*ratjk  de vel(>pfnf.*ht 
of  tLie  papilljiry  striicitire  of  the  skin  which  covers  it;  io  that  large  piipillue  are 
ftirmed  iJl  over  it,     A  male  frog,  at  this  season^  hag  an  irresUUble  propensity  t^ 
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observed  that  a  slight  irritation  applied  to  the  peripheral  ejtiteinilics  of  the 
afferent  nerves >  is  a  more  powerful  excilor  of  reflex  action  thau  a  much 
stronger  impression,  whieh  occasions  acute  pain,  applied  to  ibeir  inmh; 
thus  Mr.  Grainger  found  that  he  could  remove  the  eotire  bind  leg  of  a 
Balamander  wjtb  the  scissors,  without  the  creature  moving,  or  any  mus<!ular 
contraction  being  produced,  if  the  SpiDat  Cord  bad  been  first  divided  ;  jet 
that  by  irritation  of  the  foot,  especially  by  heat,  in  an  animal  similarly  eir- 
cura,'itauced,  violent  convulsive  actions  were  excited  iu  the  legs  and  Uiil 
This  tact  is  important,  not  only  as  showing  the  comparatively  pi>werful 
effect  of  impressions  upon  the  eutaoeous  syrface,  but  also  as  proving  bow 
little  relation  the  amount  of  reflex  action  has  to  the  intensity  of  seii?iiiliou* 
The  different  kinds  of  reflex  action  have  been  \i-ell  formulaterl  by  M.  Kim' 
They  may  be  claii.'^ified  according  to  the  direction  in  which  bt»th  the  centrip- 
etal and  tbe  centrifugal  impulse  passes.  L  All  ordinary  reflex  ueiioDs  take 
place  both  centripetally  and  centrifugal ly  through  spiual  nerve;',  examples 
being  afforded  iu  deglutition,  coughing,  sneesting,  walking,  etc.,  and  in 
pathology  by  vomiting,  tetanns,  epilepsy.  2.  A  iseeond  class?  almi^t  m  nu- 
merous includes  those  reflex  actions  which  lake  place  ceutnpelally  through 
a  crauio-spiual  nerve,  and  centrifu gaily  through  a  motor  nerve  of  the  sym- 
pathetic sy=item,  and  most  frequently  a  vaso- motor  branch.  As  examples 
of  til  is  kind  of  reflex  action  may  be  given  the  excitation  of  the  salivary 
and  gastric  glands,  blushing  tjr  pallor  uf  the  skin,  erection,  certain  move- 
ments of  the  iriij,  certain  tmidiflcationi^  in  the  beats  of  the  heart,  and,  in 
pathology,  ?ome  of  those  pheuonjena  which  in  conscquentrc  of  the  difficulty 
of  explaining  their  picxluctlon,  are  called  metastatic,  as  certain  forms  of 
ophthalmia,  orchitis,  and  corysm,  due  to  reflex  hyperacmia,  and  certain  ca^s 
of  amaurosis,  paralysis,  paraplegia^  etc,  due  to  reflex  amemia.  8.  A  third 
class  comprehends  those  reflex  acilous  iu  which  the  centripetal  nerve  is  a 
sympathetic  nerve,  and  the  centrifugal  a  crauio-spanah  ilost  of  these  ac- 
tious  are  pathological,  and  are  represented  by  the  couvnlsiuns  that  occur 
from  the  intestinal  irritation  produced  by  worms,  reflex  eclampsia,  hysteria, 
etc.  A  pbyyiological  instance  of  this  form  occurs  in  respiration,  the  vagus 
or  sensory  nerve  being  a  kind  of  transition  nerve,  bridging  over  the  interval 
between  the  sympathctie  and  the  cranio-epinal  nerves,  so  far  as  its  pn  I  mo- 
nary  brauches  are  concerned,  4.  Lastly,  there  are  reflex  actions  in  which 
both  the  centri[>etal  and  centrifugal  conductors  are  branches  of  the  sympa* 
thetic  system.  Buch  are  the  obscure  actions  that  preside  over  the  secretion 
of  the  intestinal  juices,  those  which  unite  the  various  generative  functions, 
the  dilatation  of  the  pupils  owing  to  worms,  and  many  pathological  phenom« 


oling  to  iny  abject,  by  leising  it  between  his  antfrlur  en  t  rum  Hies.     It  h  in  thb  wiy 

tliiit  hi*  sHzp«  upon,  and  elmg^  to  tlie  f^'Tnitk*;  fljiintr  hif  thutntM  to  PKeb  «id*?  of  hi^r 
bbiloiaen,  find  rtnjiHining  tlu*r©  fur  wtH^ki*,  uniil  iho  ovft  have  been  ciunplrtptv  **S- 
peUy<3.  An  i^ffart  of  tht*  Wvll  uloni*  t*onld  not  kt-eji  up  tbp  grnsp  tifiinti-rnipti^cily  for 
Mj  long  a  limo  ;  yot  so  firm  is  ih*^  IjmM,  thai  it  inn  with  ditfiunlty  U'  rcltn^txl.  W'l*«u 
ever  is  brouFlu  vn  tlie  w«y  of  lUi*  Ihnmba,  will  Ih?  tauEfht  by  the  fiirfihlH  oontrm-tion 
of  tho  untcnur  limbsj;  uml  hfriei?  w*:*  often  Hnd  frog*  cHngtTig  blindly  to  a  piet-e  of 
woodt  or  ft  demd  fl*b,  or  ^otiifl  aiher  Hib-lunt'**  wbiuh  th*?y  mny  ehjim'C  U*  rtie*-!  wKb* 
If  the  fl[i|^i'r  be  piftffd  t>elw»»i«n  thi»  wnieH*sr  *?xlf**niili*'s,  they  w»ll  tcrupp  it  firmly  i 
nor  will  they  relni  their  ^ruep  uruil  ih^'V  itre  ^cpiiritUHi  by  forL*Q.  If  tbe  unirimL  W 
decHpitrttiMi  wbiUt  ibt*  finger  is  within  thi^  ji^rn^p  of  it*  jintrricir  extremutt?*,  tbi^y  i^lill 
continue  to  hold  on  firmly.  Thw  yiojjli^rintr  h»if  of  ihn  btMly  mHV  h**  tut  hwhv^  itnd 
yet  the  nnlortor  i'Xtrornlti(rs*wiM  ^till  idling  io  Uie  dn^t^r;  tlut  iiniiiedirttidy  tti^t  the* 
BC^gment  of  tli©  Cord.  frun>  which  the  nnt-Tior  cxtrwinitio^  derive  ibt-ir  rii/rvi^s^  hns 
been  ri?QiovPtt,  nU  Ihejr  mulitm  cetises,  Tbi«  curious  instinct  only  Piistf  diirlm;  the 
period  of  £0xual  i?xcitenn?m  ;  for  nl  olhi*r  puriods  the  ejtciiibiUiy  uf  the  MntoHor  vlt- 
iremiiifA  is  iH>ntidernbly  le**  ihiin  thm  of  the  pt*sierii>rJ* 
J  Cours  de  PbysioJogie,  I8T3,  p.  62, 
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ena.     From  expenmenfs  on  frogs  and  other  animals  Pfluger  has  laid  down 
the  fonf>wir>g  **  law^  "  of  reflex  act  km  : 

1.  The  Law  of  Umifiter<fi  Reflect iofh — In  accordance  -with  this  law  it  fijUows 
til  at  when  in  consefjuence  of  irritatitjn  of  one  or  more  sensory  nervfts  move- 
ment lakes  place  on  one  mie,  it  is  always  on  the  mme  side  as  that  to  which 
ihe  irritation  was  applied. 

2.  The  Law  of  Syinmetnj. — It  mayfurther  be  demonstrated  that  when  the 
hn predion  is  suffidently  strong  to  be  irradiated  to  the  muselesi  of  the  oppo- 
Eiite  fiide,  these  are  always  congenerous  with  those  excited  to  action  on  the 
irritated  side. 

3.  The  Law  of  hitendty. — ^The  movements  on  the  irritated  side  are  some- 
times e<^pmlled  in  intensity  by  those  of  the  opposite  side,  but  if  they  are  not 
eqnal  they  are  alwuys  of  inferior  vigor, 

4.  Luwof  Refiejt  Irrndiailon, — Lastly,  in  the  Spinal  Cor«/p the  motor  nerve 
excited  is  always  on  the  same  phine  as  the  sensory  nerve  that  has  been  irri- 
tataJ,  but  if  the  sensory  irrilatron  be  so  powcHul  as  to  be  propagated  beyond 
this  point,  it  always  affecb?  the  nerves  above  and  never  those  below.  In  the 
case  of  the  reflex  movements  due  tf>  the  encephalon,  however,  the  irradia* 
tion  takes  place  from  above  downwards  towartls  the  Medulla  Obhmgata^ 
which  possesses  the  power  of  genemlidng  all  reflex  movements;  whenever 
the  irradiated  excitation  in  its  upward  course  reaches  the  Medulla  Oblon- 
gata, all  the  nerves  arbing  from  the  encephalon  are  affected. 

It  is  noticeable  also  that  the  reflex  activity  is  greatest  in  young  animals- 
It  varies  in  the  different  classes  of  animals,  appearing  to  be  most  j^troogly 
developed  in  Bird*,  then  in  Mammals,  and  least  in  Fishes.  It  is  exaUe<l  by 
opium^  alcohol,  and  nicotin,  and  especially  by  strychnia.  It  is  diminisbcil 
by  acetate  of  xinc,  chloral  hydrate,  hydrrjcyanic  acid,  belladonna,  digitalis/ 
and  bromide  of  potassium/  Like  other  parts  of  the  nervous  syjftem  the 
cells  ministering  to  reflex  action  can  be  exhauMed  by  eflfiirt  and  rer|uire  rest 
to  recover  their  properties.  The  experiments  of  ktis.<maul  and  Tenner' 
show  that  interruption  of  the  blood -supply,  contrary  to  what  might  be  ex- 
pected, has  a  tendency  to  exalt  the  reflex  excitability  of  the  spinal  cord, 
though  to  a  much  less  extent  than  the  nervous  centres  in  the  Brain  and 
Medulla  Oblougata.  (.*omplete  sitipiin\^ion  of  the  blood-supply  to  the  8pinal 
Cord  rapidly  causes  complete  pmdysisi,  [Setschenow  has  discovered  that 
nerve-centres  which  inhibit  reflex  action  are  seated  mainly  in  the  thalami 
optici  and  corpora  f|uadrigemina/]  Reflex  acts  are  greatly  enfeebled,  or 
are  altogether  absent^  \^'hen  the  blood  is  overcharged  with  oxygen,  so  that 
the  reflex  contractions  consequent  on  the  administration  of  strychninjbmcia, 
tbebaia,  and  caffein  are  suppressed  in  animals  to  which  they  have  been  given 
by  vigorous  artificial  respiration.*  The  time  occupied  in  the  ^i^rformance  of 
ft  reflex  act  is  dependent  upon  the  strength  of  the  stimulus,  bemg  very  rapid 
when  the  stimulus  is  powerful,"  Exner,  experimenting  mx  the  reflex  act  of 
winking  (the  movement  of  the  lids  being  excited  by  the  application  of  a 
"le  cornea),  found  that  with  a  weak  spark  the  time  la  man  was 


ipark 


"   Weil,  Central blfttt.  ISFl,  p.  m%  *  Meihuist^n,  Cfrjtriilbhitt,  1873,  p.  88. 

>  On  iK^  Nnlure  Hiid  Origin  uf  Bpileplironn  ConvuUiunft,  Kcw  Syd.  Soc  Tmnft- 
Imtiun,  1850,  p.  54. 

*  [?hyaiologi?che  Stddtpn  uber  die  Hf"nimuu£C5-m*?chntii?m*^n  itirdio  EtfloxtljAlig- 
be! I  del  Rucben murks  Im  Gt*hirne  di?a  Fn»*<^he&^  von  Dr.  J,  Sf U^fht'nuw.  Nt^titi  Y*t* 
sue  he  nnri  Hirn  und  Kdckeninurk  des  JroBcht**:,  von  Dr.  J,  Setecbunow  und  B.  Pna- 
ebuiili  ] 

*  Si?*  Leube  «nd  0fipenfkjj  C^ntrHlblatt)  1868^  pp.  41  nnd  G77  ;  Uspensky,  Rfichert 
flild  Du  Btjb-lieyniond'i*  Arcbiv,  18»i8,  \k  40L 

*  Rci*L*nthii^  Studien  ubt?r  Reflexe^  Monjttsbericlit  d,  Berlin,  Akad.,  1873,  p,  104; 
■fid  Einer,  PflQger'i  AruhJT,  1874,  p.  526. 
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0*055-5  sec  ,  whilst  wUb  a  powerful  shock  it  was  only  0.0471  eec.  The 
ocfUj>ied  in  the  |>erformaDce  uf  a  reflex  act  on  the  same  side  of  the  body  m 
that  on  which  the  irritation  is  applied  is  shorter  than  on  the  opp«)&ite  eide, 
an<J  the  longer  period  required  in  the  latter  iujitance  is  termed  the  ''period 
of  retiex  conduction."  This  also  becomes  very  short,  or  almost  iuij^ercep- 
tihle,  when  the  irritation  applied  is  very  strong.  Exhaustion  of  the  Spinal 
Cord  prolongs  the  duration  of  the  *■  reflex  lime."  The  strength  of  the 
stimulus  has  no  infltience  on  the  rapidity  of  the  conduction  in  peripheml 
motor  nerves. 

503.  That  the  movements  executed  by  the  limbs  of  the  lower  animals^ 
when  these  are  no  longer  connected  by  the  Spinal  Cord  with  the  Encephalon^ 
but  remain  in  nervous  connection  with  the  Cord  itself,  do  not  take  place 
through  the  intermediation  of  sensation,  might  be  supposed  to  be  sufficiently 
proved  by  the  simple  fact^  that  division  of  the  Cord  in  Man,  ami  hence  by 
intereuce  in  the  lowenmimals,  reduces  the  part^j  below  to  a  state  of  complete 
insensibility.  But,  on  the  other  hand,  the  very  perform  an  ce,  by  decapimtcd 
animals  of  luferiof  tribes,  of  actions  which  had  not  been  witnessed  in  Man 
under  similar  circumstances,  has  been  held  to  indicate,  that  theBpinal  Cord 
in  them  has  an  endowment  which  hu  does  uot  p^isseas.  The  possibility  of 
such  an  explanation,  however  unconformable  to  that  analogy  throughout 
organized  nature,  which,  the  more  it  is  studied,  the  more  invariably  it  is 
found  to  guide  to  truth,  could  not  be  disproved.  Whatever  exjieri mentis  cm 
decapitated  animals  were  appealed  to,  in  support  of  the  doctrine  that  the 
Encephalon  contains  the  only  seat  of  sensibility,  could  be  met  hy  a  pimple 
denial  that  the  Spinal  Cord  is  everywhere  as  destitute  of  that  endowment  as 
it  appearjj  to  he  in  Man.  The  cases  of  profound  Sleep  and  Apoplexy  might 
be  cited  ajs  examples  of  reflex  action  without  consciousness ;  but  llie^^e  baire 
been  met  by  the  assertion,  that  in  such  conditions,  sensations  are /eft,  though 
they  am  tun  remenihcretL  It  is  difficulty  however,  to  apply  such  nn  e^c plana- 
tion  to  the  vn^e  of  Anencephalous  human  infants  (in  which  all  the  ordinary 
reflex  actions  have  been  exhibited,  with  an  entire  absence  of  brain),  without 
suppoiiing  that  the  Medulla  Oblongata  is  the  seat  of  a  sensibility  which  we 
know  that  the  lower  part  of  the  JSpinal  Cord  does  not  poseeie»;  and  of  this 
there  U  no  evidence  whatever, — Experiments  on  the  lower  animals,  then, 
and  observation  of  the  phenomena  manifested  by  apoplectic  patients  and 
anencephaloui?  infants,  vii^hi  lead  to  the  conclusion  that  the  Spinal  Cord 
does  not  itself  posses  sensibility,  and  that  ita  reflex  actions  are  independent 
of  scn^^tion.  At  this  conclusion,  Un^er,  Procha^ka,  Sir  G,  Blaiie,  Floureos, 
and  other  physiologists  hud  arrived  ;  but  it  was  not  until  snecia)  attention  was 
directed  to  the  subject  by  Dr.  M,  Hall,  that  faetjs  were  obtained  by  which  a 
positive  statement  of  it  could  be  siupported.  For  the  question  might  have 
been  continually  asked, — If  the  Spinal  C^rd  in  Man  be  precisely  analogous  in 
function  to  that  of  the  lower  Vertebrata,  why  are  not  iU  reflex  phenomena 
nianife^teil,  when  a  portion  of  it  is  severed  from  the  rest  by  dise-ase  or  injury  7 
The  answer  to  this  cpicstion  is  twofold.  In  the  first  place,  simple  diviniou  of 
the  cord  with  a  sharp  instrument  leaves  the  ftcpa rated  portion  in  a  state  of 
ranch  more  complete  integrity,  and  therefore  in  a  state  much  more  tit  for 
the  perform  an  CO  of  its  peculiar  functions,  than  it  ordinarily  is  after  di;<«as« 
or  violent  injury  ;  and  as  the  former  method  of  division  is  one  with  which 
the  Physiologist  is  not  likely  to  meet  in  Man  as  a  result  of  accident,  and 
which  he  cannot  experimentally  put  in  practice,  the  cases  in  which  reflex 
actions  would  be  manifested  are  likely  to  be  comparatively  few.  But  e^e^ 
ondly,  a  sufficient  number  of  etich  instances  hnve  now  been  accumulated,  to 
prove  that  the  occurrence  is  by  no  means  so  rare  as  might  have  been  sup- 
posed ;  and  that  nothing  is  required  but  patient  observation,  to  throw  a  great 
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|lit  on  tills  interesting  question  frora  the  phenomena  of  disea^,  A  most 
Itmble  collection  of  such  cases,  occurring  within  his  own  experience,  has 
been  published  by  Dr.  W.  Budd;*  and  the  leading  facts  observed  by  hlra 
will  be  now  enumerated. 

504.  In  the  fii'st  case,  Paraplegia  was  the  result  of  angular  distortion  of 
the  spine  in  the  dorsal  region.  The  seusibilitv  of  the  lower  extremities  was 
extremely  feeble,  and  the  power  of  %'^oluntarY  motion  was  almost  entirelf 
lost.  "  When,  however,  any  part  of  the  skin  is  pinched  or  pricked,  the  limn 
that  h  thus  acted  on  jumps  with  great  vivacity  ;  the  toes  are  retracted  to- 
wards the  instep,  the  foot  is  raided  on  the  heel,  and  the  knee  *^o  flexed  as  to 
raise  it  off  the  bed  ;  the  limb  h  maintained  in  this  state  of  tension  for  several 
seconds  after  the  wilhdruvval  of  the  stimulus,  and  then  becomes  suddenly 
relaxed/*  "In  general,  while  one  leg  was  convulsed,  its  fellow  remained 
qu  i  et,  u  n  I  cf  s  si  i  m  u  1  u  s  was  a  p  pi  i  ed  to  bo  t  h  n  t  o  n  ce. "  "In  th  ese  ins  tan  ces .  th  e 
pricking  and  pinching  were  perceived  by  the  patient ;  hut  mmh  viore  vmleni 
con  tract  i<ms  are  excited  by  a  stimulus^  of  who?^  pre^eiwe  he  ?4  unconscioug. 
When  a  feather  is  passed  lightly  over  the  skin,  in  the  hollow  of  the  instep,  as 
if  to  tickle,  convulsions  occur  in  the  correspmding  limb,  much  more  vigor- 
ous than  those  induced  by  pinching  or  priclving  ■  they  succeed  one  another 
ID  a  rapid  series  of  jerks,  which  are  repeated  as  long  as  the  stimulus  is 
maintained/'  *' When  any  other  part  of  the  limb  is  irritated  in  the  ,mme 
way,  the  convulsions  which  ensue  are  very  feeble,  and  much  less  fwwerful 
than  those  induced  by  pricking  or  pinchiug/'  "Convulsions,  identical  with 
those  already  described,  are  at  all  times  excited  by  the  acts  of  defecation 
and  raieturiiiun.  At  these  times,  the  convulsions  are  much  more  vigorous 
than  under  any  other  circumstances,  insomuch  that  the  patient  has  beeo 
obliged  to  resort  to  mechanical  means  to  secure  his  peraou  while  engaged  in 
these  acts.  During  the  act  of  expulsion,  the  convulsions  succeed  one  an- 
other rapid IVi  the  urine  is  discharged  in  interrupted  jets,  and  the  passage  of 
the  fieees  suffers  a  like  interruption/'  The  convulsions  are  more  vigorous, 
the  greater  the  accumulation  of  urine*  and  involuntary  contractions  occur 
whenever  the  bladder  is  disf^nded,  and  also  when  the  desire  to  relieve  the 
rectum  is  manifested.  "  In  all  the.«e  circumstancres,  the  convulsions  are  per- 
fectly involuntary ;  and  he  is  unable,  by  any  effort  of  the  will,  to  control  or 
moderate  them/''  This  patient  subsequently  regainal,  in  a  gradual  manner, 
both  the  sensibility  of  the  lower  extremities,  and  voluntary  power  over  them  ; 
and  as  voluntarv  power  increased,  the  susceptibility  to  involuntary  movements 
diminished,  as  did  also  their  extent  and  power.— This  case,  then,  exhibits  au 
increased  tendency  to  perform  reflex  ant  ions,  when  the  control  of  the  Brain 
was  removed;  and  it  also  shows  that  a  slight  impression  upon  the  surface,  of 
which  the  patient  was  not  conscious,  was  more  efficacious  m  exciting  reflex 
movements,  than  were  others  that  more  powerfully  aflected  the  sensory 
organs. — It  should  be  added  that,  in  the  foregoing  case,  the  nutrition  of  the 
lower  extremities  was  not  impaired,  as  it  is  in  most  cases  of  paraplegia;  the 
rationale  of  this  phenomenon,  which  is  to  be  constantly  observed  when  the 
reflex  actions  of  tlie  part  remain  entire,  will  be  understood  by  refei-ence  to 
§§  360,  512.    In  another  case,  the  paralysis  was  more  extensive,  having  been 

I  produced  by  an  injury  (rei*ulting  fmm  a  fall  into  the  hold  of  a  vessel)  at  the 
ower  part  of  the  neck.  There  was  at  first  a  total  hiss  of  voluntary  power 
over  the  lower  extremities,  trunk,  and  liands;  slight  remaining  voluntary 
power  in  the  wrists,  rather  more  in  the  elbows,  and  still  more  in  the  shoulders. 
The  inteiTostal  mus^cle^  did  not  participate  in  the  movements  of  respiration. 
The  sensibility  of  the  hands  and  feet  was  gr^tly  im|jaired.    There  were  do 
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retenuon  of  uritje,  and  mvulinjtary  evaeuation  of  ibe  fioces*  Recovery  look 
place  very  gradual  ly ;  aiul  during  its  progres^^^veral  remarkable  phenoitiena 
of  reflex  acrioii  were  observed.  At  first,  tickling  one  sole  excited  to  move* 
ment  that  limb  only  which  was  acted  upon  ;  afterwards:,  tickliug  either  m\e 
excited  both  legs,  and,  on  the  26th  day,  not  only  the  lower  extremities,  but 
the  trunk  and  upper  extremities  abo.  Irritating  the  sola*,  by  tickling  or 
otherwise,  was  at  first  the  only  method,  and  always  the  most  eflSeieut  owe,  by 
wtjich  convnbiooa  could  be  excited.  From  the  26th  to  the  B9th  day,  in- 
voluntary movements  in  all  the  paUied  parts  continueil  powerful  and  ex- 
tensive, and  were  excite^i  by  the  following  causes:  in  the  lower  exlrendtiea 
only,  by  the  paj^sage  of  flatus  from  the  bowels,  or  by  the  contact  of  a  eold 
urinal  with  the  peais;  convulsions  in  the  npper  extremities  and  trunk,  at- 
tended with  ptighing,  by  plucking  the  hair  of  tlje  pubes.  Ou  the  41st  day,  a 
hot  plate  of  met^l  was  applied  to  the  soles,  and  was  found  to  be  a  more  power- 
ful excitor  of  movement  than  any  before  tried.  The  movements  continued 
as  long  as  the  hot  plate  was  kept  applied  ;  but  the  same  plate,  at  the  commou 
temperature,  excited  no  movements  after  the  first  contact.  Though  the  cim- 
tact  was  distiDctiy  felt  by  the  patient,  no  aermdion  u^  heat  was  fierceived  by 
him,  even  when  the  plate  was  applied  hot  enough  to  cause  vesication.  At 
three  diflerent  intervals  tlie  patient  took  one-eighth  of  a  grain  of  strychnia 
th  ree  t  i  m  ea  a  day ,  G  reat  i  n  c  rease  o  f  su  seep  t  i  b  i  1  i  ty  to  i  n  vo  1  u  u  tary  mo ve  rf len  ts 
immediately  f<d lowed,  and  they  were  excited  by  the  slightest  causes  No  con- 
vulsions of  the  upper  exlremitiea  could  ever  be  produced,  however,  by  irri- 
tating their  integument ;  though,  under  the  infiuenee  of  strychnia,  pulling  the 
hair  of  the  head  or  tickling  the  chin  would  occasion  violent  spasmiidic  actions 
in  them*  B|JOiitaneous  convulsions  of  the  palsied  parts,  which  occurred  at 
other  times,  were  more  frequent  and  more  powerful  after  the  use  of  strychnia. 
On  the  finst  return  of  voluntary  |KJwer,  the  patient  was  enabled  to  re^itniin  in 
some  me4isure  the  excited  movenieuL* ;  but  i\m  required  a  distinct  eflort  of  the 
will  i  and  his  firstattcnipti*  to  walk  were  curiously  affected  bv  the  pei^iijtenoe 
of  the  su^'eptibility  to  excited  involuntary  movements.  When  he  first  at* 
tempted  to  stiind,  the  knees  immediately  became  forcibly  bent  under  him; 
this  action  of  the  legs  being  excited  by  conttiet  of  the  soles  with  the  ground. 
On  the  9oth  day  this  effect  did  not  take  place  until  the  patient  bad  aiaile  a 
few  steps;  the  legs  then  had  a  tendency  to  bend  up,  a  movement  which  he 
eonoteraeted  by  rubbing  the  surface  of  the  belly  ;  this  rubbing  excited  the 
extensors  to  action,  and  the  legs  became  extended  with  a  jerk.  A  few  more 
steps  were  then  made,  the  manoeuvre  was  repeated,  and  so  on.  This  suscepti- 
bility to  involuntary  raovemcnts  from  impressions  on  the  scdes  gradually 
diminished ;  and  on  the  141st  day  the  patient  was  able  to  walk  about,  sup- 
porting himself  on  the  back  of  a  chair  which  he  pushed  before  him  ;  but  his 
gait  was  unsteady,  and  much  resembled  that  of  chorea.  Sensation  improved 
very  slowly :  it  was  on  the  53*1  day  that  he  first  slightly  perceived  the  beat 
of  the  metal  plate, — Now,  in  this  case,  the  abolition  of  common  sensation  wm 
not  so  complete  as  in  the  Ibrmcr  instance  ;  but  of  the  peculiar  kind  of  inipre»- 
81  on  which  was  found  most  efficacious  in  exciting  reflex  movements,  no  eon- 
scio mn  ej^  uyh  afever  waw  cji^perien^^tL  Not  less  i  n  te  res  ti  n  g  w  as  tb  e  ci  rcu  mstan  ee, 
that  convulsions  could  be  readily  excited  by  impressions  on  surfaces  abme  ih© 
seat  of  injury :  as  by  pulling  the  hair  of  the  scalp,  a  sudden  noise,  and  so  on. 
This  proves  two  important  points:  first,  that  a  lesion  of  the  Cord  may  be 
such  as  to  intercept  the  transmission  of  voluntary  influence,  and  yet  may 
allow  the  transmission  of  that  reflected  from  incident  nerves,  Secondly, 
that  all  influences  from  impressions  on  incident  nerves  are  diffused  through 
the  Cord ;  for,  in  the  instance  adduced,  the  reflected  influence  was  uudoubt^lly 
not  made  to  deviate  into  the  Cord  by  the  morbid  eonditiou  of  that  organ,  but 
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followed  ita  natural  course  of  clifTusiou,  being  reuilered  manifest  id  this  case 
by  die  convubioos  which  were  excited,  in  ccmsequence  of  increasetl  activity 
of  the  motor  function  of  the  Cord.  It  is  further  interesting  to  remark^  that, 
in  the  ftireguiug  case,  the  reflex  actions  were  very  feeble  during  the  first  seven 
dBYA,  m  comparison  with  their  sub.^equent  energy ;  being  limited  to  slight 
movements  of  the  feet,  which  could  not  always  be  excited  by  tickling  the 
Sfdes*  (In  another  case  of  very  similar  character,  it  was  thi^e  days  after 
the  ac^'ideut  before  any  reflex  actions  could  be  produced,)  It  is  evident, 
then,  that  tbe  Spinal  Cord  must  have  been  in  a  state  of  concnsaiou,  which 
prevented  the  manifestation  of  its  peculiar  functions,  so  long  as  this  elfect 
bi^teil ;  and  it  \^  ea.sy,  therefore,  to  perceive,  that  a  still  more  severe  shock 
might  permanently  destroy  its  power,  so  as  to  prevent  the  eachibitiou  of  any 
of  the  phenomena  of  reflex  action. 

5U5,  So  many  cases  of  tbig  kind  have  now  occurred,  that  it  may  be  con- 
sidered as  a  demonstrated  fact,  that  the  Spinal  Cord,  or  insulated  portions 
of  it,  may  serve  in  Man,  no  hm  than  in  the  lower  animals,  as  the  centre  of 
V€ry  enefgettc  reflex  actions,  when  the  Encephalic  power  which  ordinarily 
op(?'rates  through  it  is  suspended  or  tlestroyed,  or  when  It  is  prevented  from 
influencing  the  Spinal  nerva*  by  such  an  injury  to  the  Cord  above  their 
points  of  connection  with  it,  as  prevents  the  transmission  of  nervous  polar- 
ity ;  and  it  is  further  evident  that  these  movements  are  not  more  depemlcnt 
upon  Sensation  than  they  are  upon  the  Will,  since  they  may  be  excited 
without  the  conseiousucss  of  the  individual,  even  when  this  is  fully  directed 
to  the  part.*  And  we  thns  have  adequate  ground  for  the  assertion,  that  the 
movements  which  may  be  called  forth  by  stimulation  in  the  states  of  pro- 
found  Sleep  or  Coma,  are  not  to  be  he!d  to  indicate  that  conscious  sensatioti 
id  even  momentarily  excite<i ;  since  we  know  that  the  reflex  power  of  the 
Spinal  Cord  may  be  called  into  action  by  impr&st-ions  which  do  not  travel 
onwards  to  the  senaorium,  or  wliich  are  powerless  to  affect  the  consciousness 
even  when  they  arrive  there.  These  abnormal  reflex  actions  of  the  Spinal 
jQiflli  of  Man,  though  often  powerful,  have  much  less  regularity  and  ap- 
pirmt  piirpojiiveni'mi  than  have  the  movements  executed  by  the  lower  Yerte- 
brata  (iis  the  Frog,  §  501)  after  decapitation  or  section  of  the  cord;  the 
latter  approaching,  in  respect  to  these  qualities,  to  the  reflex  movements  of 
ArticuJjited  Animals — as  is  well  seen  in  the  following  experiment,  which  is 
much  relied  on  by  those  who  hold  that  tlie  Spinal  Cord  is  the  sent  of  sen- 
iorial  functions,"  If  a  frog  be  decapitated  and  acetic  acid  be  applied  over 
the  internal  condyle  of  the  femur,  the  animal  will  wipe  away  the  acid  with 
the  foot  of  the  j^^ame  side ;  but  if  this  he  cut  ort*  after  some  ineflectuaJ  efforts, 
and  a  short  period  of  hesitation,  it  will  pertbrm  the  same  action  with  the 
fimt  of  the  opposite  side.  The  explanation  seems  tt>  be  that  (in  accordance 
with  the  laws  laid  down  by  Pfliigerj  when  the  .^kin  of  one  side  of  the  bodv 
ts  irritated  the  motor  nerves  of  that  s^ide  respuid  to  the  impressiott,  but  this 

*  TheAuth*jr  i^  jnfnrmeii  by  l>i*^  fri(-n«t  Mr  Pus^pt,  thftt  smong  the  tiotef  leflby 
Jnlin  HnniL*r  (whu*h  furnished  stmia  of  tht?  nidtfriiib  Pir  the  adirii>Bhti?  Cj4t»h»giie  of 
ihc  ffithologiotil  portion  of  ihi*  Iluntt'riiui  Mui4piim  driiwh  up  by  Mr  r«got),  there 
wm  the  record  of  n  ctt'^e  of  purnph'^iiit  in  which  k  npiirnred  thiit  Hunter  had  wit- 
n€£6^d  n^flt^i  moV*'Tin  nU  fpf  the  Ivt^^  in  which  pfniiatton  did  not  pnrlicitmte.  When 
the  putient  wn&  a^^ked  wh(>ther  he  fVlt  tbc  irritation  by  which  thi*  tnotions  were  ex- 
titea,  he  ^igmficfintly  replied — glHiicing  nt  hii  Jlmbi, — <*  NO|  gir ;  but  you  &ee  my 
%*doJ' 

*  t^  Fdugr^Ti  Dio  sj^nsori'chen  Funetionen  des  Ruek(*nni>arlcs,  BprUn,  1853;  «ee 
also  mn  iible  rpvi»*w  iit  the  Mc<l  -Chir,  Review  for  Jun.  18<il,  in  which  th**  nlmvc  ex- 
periment b  quoled  The  doctrine  of  the  indf-pctidcnl  TolitinniU  m  well  m  sen^tntil 
power  of  the  S|>iniil  tJ**rd  U  tiii^eniou#ly  ?^it&t»ime<:l  in  Mr.  tJ  H.  Lewes's  Physiolno 
uf  Commor*  Life,  vol.  ij  ;  whili^i  the  ttppiaite  side  i a  taken  in  a  review  upon  lliHt  work 
contMjned  in  the  Med.-Chir  Review,  vol.  xxvi,  I860,  p,  423. 
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being  prevented  and  the  sensory  impression  continuing,  the  impresgion  li 
radiated  to  the  motor  ganglia  of  the  opposite  side,  and  these  miisclei  are 
accordingly  brought  in  to.  play.  W^  have  here  exhibited  the  results  of  i 
niechanieal  diapositlon  of  parts,  and  not  the  operation  of  a  conscious  ifltel' 
ligeriee.  It  rausit  not  hence  be  inferred,  however,  that  there  is  any  essential 
difference  in  the  endowments  of  the  Spinal  Cord,  between  Man  and  the 
lower  animals ;  or  that  any  mi^ckieal  agency  exists  in  the  latter  case  which 
is  wanting  in  the  former.  We  have  already  seen  that  the  existenee  of  even 
the  most  perfectly-adapted  combination  of  different  muscular  actions,  all 
obviously  nearing  upon  a  definite  object,  cannot  in  itself  justity  our  attribut- 
ing this  combination  to  design  or  voluntary  choice  on  the  part  of  the  urgua- 
iam  that  executes  it  (§  448);  whilst^  on  the  other  hand,  to  nfmovo  these 
movements  in  any  case  from  the  category  of  ajdomatie  actions,  would  be  to 
aesign  to  the  Spinal  Cord  a  power  of  ainseiously  selecting  and  directing 
them,  such  as  we  have  every  reason  for  believing  to  be  liiniteij  to  the  higher 
parts  of  the  Cerebro-spinal  centres.  Now  the  very  mupirmiUj  of  the  move- 
ments in  question,  or  the  slight  variation  in  effect  which  has  been  observed 
to  follow  the  applicatitin  of  different  stimuli,  is  itself  an  indication  that  they 
do  not  proceed  from  any  pnrposive  choiee,  but  depend  upon  the  special  en- 
dowments of  those  centres  of  reflex  action,  whence  the  mipuli^es  that  call 
them  forth  immediately  issue  to  the  nerves ;  and  hcnee  the  more  marked 
adaptiveness  of  the  reflex  actions  performed  by  many  of  the  lower  tribps  of 
animals,  can  only  be  held  to  indicate  that  a  larger  share  of  sucli  adaptation 
is  effected  in  them  by  what  may  be  termed  the  mechaumn  of  their  nervous 
eentreii,  and  tliat  less  is  left  to  voluntary  choice  and  direction,  which  can 
only  be  safely  trusted  where  a  considerable  amount  of  intelligence  exists  to 
guide  it  ;^ — a  conclusion  which  accords  well  with  what  has  been  already 
Stated  res|iecting  the  structural  differences  that  seem  to  exist  between  the 

Spinal  Cord  of  Man  and  that  of  the 
inferior  Vertebrata  (§486).  If  we 
endeavor  to  cond>ine  the  results  nb- 
taiued  in  pathological  cases  and  those 
observed  after  exj>eri mental  sections 
of  the  Spiual  Ctjrd  with  the  evidence 
derived  fmm  microscopical  tnvetstiga- 
tion,  it  would  seem  probable  that  the 
sensory  or  centripetal  nervous  fibres 
terminate  in  the  ganglionic  cells  of  the 
j>ostcrior  horns  of  the  grav  suhHtanca 
of  the  cord  (Fig.  240).  i?roni  those 
processes  are  given  off,  one  of  which 
ai?cends  on  the  opposite  side  to  the  sen- 
sory ganglia  at  the  base  of  the  Braui, 
whilst  others  terminate  in  eclU  that 
are  in  direct  connection  with  tlioee 
lying  in  the  anterior  horns  of  the  gray 
substance.  Generally  speaking,  !«en- 
sorv  im previous  follow  the  former 
anJi  simplest  path,  and  any  move- 
ments that  may  occur  are  directed  bv 
and  subordinate  to  the  will ;  but  if 
these  ascending  fibres  are  divided, 
then  the  purely  reflex  action  of  the 
Bjunal  CWd  is  exhibited,  and  the  iin- 
pression  m  transmitted  to  cue  cell  or 
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s^  Suntfiff  root.  h,  Motor  nKit. 

The  ordiiimry  cuiirsii  ai  it  ieriKiry  tnipn-ati^D  l« 
%h<t  Wat II  Is  thrtiii}{h  ibi^  imngJloQ  ccU,  n^aad  fthrt^, 
iit%  whicli  crcwie»  to  tb«  ofn»™itp  half  tif  tha  poj^. 
In  th^  frunt  of  thin  brltijiF  divided,  thi'  ItDpr^Mian 
U  if^nfumUtf^  throui;h  ap  InterratHUate  gaiiffll«»fi 
cpU.b,  to  Ftrutii^  or  motor  c^U*  \a  Hit?  unto  dor  corau. 
Iff  mtld  i«  Ihfstiue  tfaufltnUtcd  tZitimigtiA  tnoLor  hcttc, 
H,  lo  tUv  oiiiiiLb«  of  the  tami^^kU.  IT  the  linpreiK 
■Ion  twsUU  srmnger,  the  miJHrW  of  the  opposiie 
lldB  m  callnl  Into  rrflcx  ■ctlon.  through  the  ^m-^ 
munictltfiif  flbft,  rf.  The  group  of  motor  eeUs  mmj 
iLbci  Im?  cdliid  I  nit?  iirlloo  l*y  the  TuJonUrj'  jierte, 
/^  which  dccuMBltsftt  tbt;  tower  |aTl«r  the  MnlblU 
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to  a  gmup  of  cells  communicating  with  those  in  the  anterior  horn  of  its  own 
§id e,  I  f  t h e  i  mpress ion  be  st ron g,  i t  is  t  rn n s  m i  t ted  to  th e  opposi te  si de  t li  rou  gU 
the  connecting  fibres  that  paaa  from  the  cells  of  one  anterior  hom,  or  posiiibly 
of  one  posterior  horn  to  those  of  the  other*  The  motor  cells  of  the  C^rd  are 
brought  into  commnnlcati on  with  the  Brain  llirough  the  intermediation  of  the 
telb  in  the  Corpora  Striata.  A  peculiar  condition  described  by  Schiff*  as 
Analgesia  may  here  be  alludefl  to.  It  consist?  in  the  retention  of  the  capability 
of  perceiving  sensations  uf  touch,  though  the  moM  sievere  injnrieg  to  nerves 
prcjdtice  no  sensationa  of  pain  (S  50-4).  This  condition  may  h^  induued, 
acconiing  to  Schiff*  by  divieiion  of  the  whole  Spinal  Cord  with  the  excep- 
tion of  the  posterior  columns,  al&o  by  rapid  abstraction  of  blood ;  and  it 
may  be  olserved  in  the  early  stages  of  the  adminiMration  of  ether  or  chloro- 
form. It  seems  to  be  questionable,  however^  whether  thi?*  is  not  rather  to 
be  considered  as  a  state  of  blunted  common  sensibility.  There  can  he  little 
doubt  respecting  the  origin  of  vaso-raotor  fibres  from  the  Spinal  Cord^  by 
which  the  calibre  of  the  vessels  and  the  temperature  of  the  parts  snpplied 
by  them  is  regnlated.  Finally,  physiological  experiments  have  shown  that 
in  animals  at  least  (rabbits),  and  the  experiments  are  supported  by  the  re- 
sult of  pathological  investigations  in  man,  there  is  a  gen  it  o-uri  nary  centre 
presidiog  over  the  sexual  movement?,  and  tho^e  of  micturition,  which  occu- 
piest  the  lower  part  of  the  cord  (§  276),  As  a  sequel  to  the  preceding  con- 
sideration of  the  Spinal  Cord  as  a  conductor  of  motor  and  sensorv  impres- 
sions, atkd  m  an  inaependent  centre^  the  l\il lowing  summary  by  M.  Browii- 
S^quard'  of  the  results  in  Man  of  any  injurr  damaging  the  whole  transverse 
thickoea^  of  a  small  portion  of  one'lateral  half  of  the  cord  is  instructive. 
There  may  he  observed  under  these  circumstances:  A.  On  the  same  side — 
1,  Paralysis  of  voluntary  motion  ;  2.  Hyj>enesthesia  for  sense  of  contact, 
for  tickling,  for  pain,  and  for  temperature  in  the  paralyzed  parts;  3.  An 
aoieithetic  tone  of  small  extent,  corresponding  to  the  parts  supplied  by 
nerves  which  take  their  origin  from  that  part  of  the  Spinal  Cord  situated 
immediately  befow  the  lesion  ;  4.  Hypersesthesia  in  a  greater  or  less  extent 
of  surface  above  the  zone  of  diminished  sensibility;  5.  Absolute  or  relative 
elevation  of  temperature  in  the  paralyzed  parts,  and  oilen  also  iu  those 
parts  of  which  the  sensibility  is  exalted,  but  not  in  the  parts  which  are  not 
paralyzed ;  6.  Phenomena  indicating  paralysis  of  the  origins  of  the  great 
sympathetic  nerve  in  the  neck,  when  the  lesion  has  occurred  in  the  cervico- 
brachial  enlargement.  B,  On  the  opposite  side — 1,  Complete  anseithesia 
as  regards  contact,  tickling,  pain,  and  temperature  in  the  j>arti^  which  cor- 
respond to  tho.se  that  are  paralyzed  on  the  opposite  side;  2,  Perfect  pres- 
ervation of  the  voluntary  movements  and  of  the  muscular  sense  ;  3.  A  zone 
of  exalted  sensibility  of  small  extent  and  feeble  in  degree,  situated  in  the 
parts  above  those  the  sensibility  of  whieh  is  diminished.  From  his  numer- 
ous observations,  he  believes  he  is  justified  in  drawing  the  conclusion  already 
stated  (^5  500,  501),  that  complete  decussation  of  the  conductors  of  the 
various  kinds  of  sensibility  occurs  in  the  cord,  with  the  exception  of  those 
only  cimveying  the  nju.«cufar  sense. 

50^.  The  endownjentsof  the  Medulk  Oblongata  do  not  seem  to  differ  from 
those  of  the  Spinal  Cord  in  any  other  respect,  than  in  the  spc<^ial  nature  of 
the  reflex  movements  to  which  it  ministers.  This  part  of  the  Cranio-Spinal 
Axis  ha#  been  regarded  by  some  Physiologists,  indeed,  as  the  peculiar  seat 
of  vitality!  sincei  although  the  other  Encephalic  masses  may  be  withdrawn 


i   Phy&iolni^ie,  1859,  p.  252. 

*  •IiHirnnl  di*  1«  PhyMoli*g:ie,  vol*  vi,  Oct.  IStJS*  pa  bibbed  in  December,  1805^  pp* 
124,  232,  and  f>ei  ;  and  ArohiTes  de  Phpiul(»gk,  186S,  p.  StO« 
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fri>ra  abov<?,  ami  nearly  tbe  whfile  of  the  Spinal  <^  "  ved&«  , 

below,  without  the  dekructioti  of  life,  yet  a  €oni|  tbe  oih  ( 

rent  of  vital  action  when  tbe  Medulla  Obbngaia  I  B«l  tk 

dependence  of  the  vital  actWity  of  the  body  gene  mil}  aomait 

integrity  of  tbi;*  part  of  the  nervous  system,  la  siiiiply  om  apao  tk 

fact  that  the  Medulla  Oblongata  eonta'ms  the  cbief  gangli   -  r.  -^f  ti# 

Re.«piratory  movements;^  upon  the  eoutiuuaDce  of  which,  as  ; 
(chap,  ix,  aecL  3),  the  continuance  of  the  Cireulatiou  h  dejM^udt...,  —  ^i^ 
this,  the  Tnainttnanee  of  the  Organic  fuuetums  generally.  When*,  h<>wtfff, 
as  in  the  Frog,  the  respirator}- activity  *>f  tlie  gkiu  is  equal  t^j  or  grtsai«f  thii 
that  of  the  lung?,  the  removal  of  the  Medulla  Oblungata  L*  not  attcinicdtix 
latal  results,  and  M.  Browu-S^quiird"  hm  kept  (n*g^  thu:^  mutilaiM]  aim  Air 
eigh  t  no  on  t  hs,  Besi  des  tl  le  reirpi  m  t  o  ry  t  he  fti1 1  u  w  t  ug  G  a  u  g  1  lo  u  i  c  eenUoi  art  at- 
uated  within  the  McHlulla  Oblongata.  L  Tht:  centre  of  ma^-iiieatiod.  SlTW 
centre  of  deglutition.  3,  The  centre  of  mimetic  expre«?"niti.  4.  Tl»^  c«rti» 
of  speech-^-so  far  as  ihi^  is  connected  with  the  movements  of  tl  r-'*. 

and  larvux*     5,  The  centres  governing  the  n  Hive  merits  nf  iln  -.ct- 

erating  and  inhibitory  ganglia).  6.  The  greater  part  uf  tJje  va$i>-iiiwUircfeiiiim 
7-  The  cilio-^pinal  centre.  According  to  Budge  thii?  centn?,  wM;  h 
the  mo  vera  cuts  of  the  iris,  is  partially,  and  accf*rding  Ut  j^ilk 
imbedded  in  the  Medulla  Oblono^ata.  It  is  remarketl  by 
Clarke*  that  it  is  probable  the  Olivary  bodies  are  uot  on' 
th  rou  gh  which  d  i  ffereu  t  m  o  vem  en  t^  a  re  co-o  rd  i  ua  ted  fo  r  e  x  p  t  > 
sions  and  emotions,  but  that  they  are  the  motor  centres  thro? 
ferent  movements  are  efiected  by  sudden,  violent,  or  petrubar  im^r.  -^m.  ue 
the  special  senses;  for  they  are  iutiniately  connected  with  all  ihr  mewtnj 
ganglia  of  the  Medulla, — with   tbe  gray  tubercle  it;  '        jjj' 

nucleus,  the  post  pyramidal  and   restiform  nuclei  k. 
the  corpom  quadrigemina  (optic  ganglia) — ^th rough  tla 

Erobably  with  the  parts  about  the  root  of  the  olfactory  i  i- 

een  able  to  trace  the  olivary  columns  nearly  to  the  a 
space.     As  regards?  tbe  functions  of  the  several  strands  cm  M 

dulla  Oblongata,  little  is  known,  excepting  that  the  ant^  ,niiit»A;« 

the  conductoi>.  for  voluntary  motor  impulses.     The  Co!;  -tilvnab, 

which  constitute  the  inferior  peduncles  of  the  Cerebellum »  dti  mil  ipp«^« 
aectirding  to  M.  Brown -Set  juard,*  to  give  paisiiage  Ui  any  of  the  fM>«Mliirl»in  «^ 
neitmri/  impre^itms  proceetling  from  the  trunk,  Umbs^  or  head.  It  b  nsroarl* 
able,  however,  that  aOer  they  have  been  trausver^ly  divided,  bypcfsollkdt 
is  produced  in  ever)'  part  of  the  trunk  and  limb^, 

507.  Hence  the  Spinal  Cord,  with  it^  Encepbalip  prt>!     — --  -i,  maf  If 
said  to  sujvply  by  its  **  reflex  power  "  fAr  i^mliHoiiJf  rrqnir  mn^ 

nance  of  the  varimiJi  muscultir  movrvirtifs  tvhtrh  arc  ciwc^tiVi/  fr<  ut^  rrmtmmtf^ 
of  the  Ort/nnw  proce^m:  and,  as  Dr,  Hall  hu4  pin n ted  out,  it  mi^MettUf 
governs  the  various  orifices  of  ingress  and  egre^. — ThniJ,  th*^  n  *     '  iif 

tion  is  entirely  dependent  U|>ou  the  Spinal  Axis  and  the  uvr\ 
from  it;  the  AVill  being  in  no  other  way  eoncerncd  In  ii,  than  U^  yn^u^ 
ing  the  necefmry  stimulus;  and  ev*eo  sensation  not  being  a  neccwmrt  W 
in  the  chain  of  exci to-motor  action  (§S  SS-90),     The  .aftion  of  tbe  ca^^^ 
sphincter,  again,— aiid  probably  that  of  the  pyloric  sphincter  aliac*,— l^'^ 
pendent  upou  its  nervous  eooneetlon  with  the  Spinal  Axis;  and  in  vntMj 


*  Brown-Seqiinrd  considers  thnt  lh«  whale  Im^e  of  t}w  Encf^phftloti  tn  Mm  i*  I*' 
^)ic»iterl  lit  Rfepiniimn  (Cenlr«l   Ner^mj?  SyHi'ni,  ji.  IDl). 
'  Ci*i\tritl  Nervous  Sy6lt*fii»  WtO,  p    JO  I. 
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Ululated  without  sensorial  excitement  (§  90).  And  there  is  much  reason 
to  Delieve  that  certain  of  the  movements  of  the  stomach  it^lf  are  in  like 
manner  dependent  upon  its  connection  with  the  Medulla  Oblongata  (§  91), 
idthough  tnere  is  evidence  that  it  possesses  an  independent  motor  activity 
of  its  own.  The  movements  of  the  Intestinal  tube  are  unquestionably  in- 
fluenced by  the  Spinal  Cord,  although  perhaps  in  some  measure  independ- 
ent of  it  (^§  92-93);  and  the  sphincter  which  surrounds  its  orifice  of  cgrass 
is  undoubtedly  placed  under  its  guardianship,  although  partly  subjected  (in 
Han)  to  the  control  of  the  Will.*  The  same  may  be  said  of  the  expulsor 
muscles  concerned  in  the  act  of  Defecation ;  and  of  the  expulsors  and  sphincter 
which  effect  and  control  the  act  of  Urination  (§  99). — Looking,'  again,  at  the 
movements  which  are  subservient  to  the  Respiratory  process,  we  find  that  all 
those  which  are  essential  to  its  regular  maintenance  are  performed  through 
the  intermediation  of  the  Spinal  Axis  alone ;  that  the  Will  has  only  such 
a  limited  power  over  them  as  to  bring  them  into  harmony  with  its  other 
requirements,  as  in  the  acts  of  vocalization  and  in  extraordinary  muscular 
exertions ;  and  that  the  stimulus  by  which  they  are  commonly  maintained 
does  not  even  affect  the  consciousnass,  the  "  besoin  de  respirer  "  only  becoming 
9tnsibie  when  the  respiratory  process  is  being  imperfectly  performed  (§§  294- 
296).  Not  only  are  the  ordinary  respiratory  movements  performed  through 
this  channel,  but  the  aperture  of  tne  Glottis  is  regulated  by  it,  in  every- 
thing that  concerns  the  respiration ;  and  either  by  its  spasmodic  closure 
against  the  entrance  of  unfit  substances,  or  by  the  expulsor  effort  of  cough- 
ing which  is  excited  by  them  when  they  do  find  their  way  into  the  air-pas- 
sages, these  passages  are  kept  free  from  solid,  liquid,  or  gaseous  particles, 
whose  presence  in  them  would  be  injurious.  As  the  great  centre  governing 
the  force  and  frequency  of  the  cardiac  contractions,  and  the  calibre  of  the 
Tessels  throughout  the  system,  the  spinal  axis  exerts  an  influence  that  is 
felt  in  ever}'  part  of  the  body  over  the  processes  of  secretion  and  of  nutri- 
tion.— In  the  expulsion  of  the  Generative  products  also,  the  reflex  power  of 
the  Spinal  Cord  takes  an  important  share.  Budge'  has  demonstrated  the 
existence  of  a  genito-spinal  centre  (in  rabbits)  in  that  i)ortion  of  the  Spinal 
Conl  which  lies  opposite  the  fourth  lumbar  vertebra;  for  on  irritating  this 
part,  contractions  of  the  rectum,  bladder,  and  vasa  deferentia  occurred. 
The  same  effects  are  produced  on  irritating  the  ganglion  of  the  Sympathetic 
nerve  lying  on  the  fifth  lumbar  vertebra,  which  receives  communicating 
branches  from  this  part  of  the  cord  ;  and  the  influence  of  the  nervi  erigentes 
and  common  pudendal  nerves  observed  by  Eckhard,  on  the  erection  of  the 
penis  and  emissio  seminis,  has  been  already  fully  detailed  (§  276).  The 
muscular  contractions  which  produce  Emissio  Seniiuis  are  excito-motor  in 
their  nature ;  being  independent  of  the  Will,  and  not  capable  of  restraint  by 
it  when  once  fully  excited  ;  and  being  (like  those  of  Deglutition)  excitable 
in  no  other  way  than  by  a  particular  local  irritation.  It  has  been  shown  by 
experiment,  and  also  by  pathological  observation,  that  the  separation  of  the 
lower  portion  of  the  Spinal  Cord  from  the  upj>er  does  not  prevent  these 
movements  from  being  excited,  although  the  act  is  then  unaccompanied 
with  sensation,  which  proves  that  sensation  is  not  essential  to  its  perform- 
ance; on  the  other  hand,  the  power  of  emission  is  annihilated  by  destruction 
of  the  lower  portion  of  the  Spinal  Cord,  or  by  section  of  the  nerves  which 


*  Soe  Mhsius's  Rochorchos  Experimentalcs,  Bulletin  do  rAcademie  lloyulo  de  BA- 
giquo,  '£*  yer.  t.  xxv,  No.  3,  18')8. 

«  SeeGoltz,  PflQger's  Archiv,  1873,  p.  474;  and  Wernioh,  Contralblatt,  1873,  p. 
53.3 

■  ConiptM  Rondiis  do  TAcad.  dfs  Scion  ,  18o8,  p.  686;  Physiologic,  1862,  p.  14; 
»nd  rfluger's  Archiv,  1872,  Bd.  vi,  p.  309. 
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supply  the  g^Dital  organs.  Th^  act  of  Parturition,  however,  •ranas 
lesa  tiepeDdeut  u|x>n  the  Spinal  Cord  ;  for,  as  will  be  shawa  hemftftr  ( 
xvWu  Beet,  3),  llie  contractious  of  the  Uterus,  which  are  alooe  tulBciotli 
expel  the  f(Btu§  when  there  is  no  considerable  resislAnce,  «re  mi  X^  ^ 
regarded  as  allogethcr  "reflex;'*  and  it  is  onlv  in  the  l^OH>pe^aliotl  of  iW 
ayj^ocialed  muselee  which  come  into  play  in  the  second  ^tagc  f**'  ^--^^  ' 
tlje  head  is  parsing  through  the  os  nteri  and  is  eiigageii  in  th* 
that  the  as^iistance  of  the  Spinal  Cord  and  ite  nerves  in  eaiit^j  m. 
movements,  like  those  of  Defecation,  may  be  to  a  certain  extent  pr 
or  restrained  by  voluntary  eflbrt ;  hut  when  the  exciting  i'  "^  '  tke  | 

iure  of  the  head  against  the  parieieii  of  the  vaginal  can 
fully  bronght  into  operation  by  the  uterine  coiiEracli*>n?,  the  \\  ill  hjulillli 
p4>wer  over  them,  either  in  one  way  or  the  other.  The  ft!na;]^>THxinf  toli^ 
enee  of  the  sphincter  vagfnje  seems,  like  that  of  the  .  (o  W^l- 

pemient  upon  the  Spinal  Cord  j  and  thus  it  hapfjer«-  itB  tettM 

and   that  of  other  tauscular  part.^  ha^^  been  destroyed    by  d«atli«  whtkt  tW 
uterus  still  retains  its  contmctility,  the  power  of  the  latter  had  aafietd  fcr 
the  completion  of  the  parturient  process,  the  child  being  exfielled  alWrili 
respiratory  movements  have  I'eased,     [Goltz  and  Frenaberg  have  shown  flit. 
in  the  lunibnr  portimi  of  the  eonl  a  centre  for  the  in  nervation  of  tl^  QUny 
is  seated, — ^Manus  and  Vanlair  state  that  feeble  excitafiim  of  I  he 
third  of  the  lumbar  |iortion  of  the  cord  causes  an  active  dilatation  of  lh«i 
and  an  elevation  of  the  tail  (dog),  whilst  raodemte  irritation  of  the  i 
third  caused  a  contraction  of  the  sphincter,  and  a  loweriiig  of  tin*  tuil    Aoj 
intense  irritjilion  of  the  one  or  the  other  of  these  parts  cau^s  ihtstt*  aciioitft»| 
become  rhythmicaL    They  hold  that  the  rhythmic  centre  c^jutaini  t»ftiii}f  f 
the  ano-spinal  centre.*] 

508-  The  Spinal  Axis  is  not  merely  the  instruntent  whereby  ifce 
ments  essential  to  the  maintenance  of  the  organic  functions  are  eit«tiiD«>i; 
it  is  also  subservient  to  other  muscular  actions,  whose  clmractt^r  h  t^^^erntklly 
protfdive.     Thus  it  was  ascertained  by  Dr.  M.  Hall'  that,  if  tl.  3m  f 

the  Brain  he  suspended  or  destroyed  without  injury  to  the  Sj.  nd 

its  nerveii,  the  Orbicularis  muscle  will  contract,  so  as  to  oceusi  ^  ^ 

of  the  eyelids^  upon  their  tarsal  margin  being  touched  with  a  i;  —  .      bi? 
fact  is  interesting  In  several  points  of  view.     In  the  6rsi  pliicr,  it  ti  &  cki^ 

acteristie  example  of  an  adaptive  action,  occurring  unilcr  cin — -'• ►  '^ 

which  volition  cannot  be  ituagiued  to  guide  it,  and  in  which  th  - 

reaif^n  to  believe  that  sensation  directs  it,     FurlhtT,  it  expli  -' 

irresistible  nature  of  the  tendency  to  winking,  which  is  jm  ri m     !       •    ^ 
intervals  by  the  contraction  of  the  Orbieu la ris  mtiscle  ;  i!  ri 

reflex  action,  capable  of  being  in  some  degree  rvstniinc- 1  i^ 

pi  ration)  by  the  will,  but  only  until  such  a  time  as  thi?  -  ; 

perhaps  from  the  collection  of  minute  particles  i»f  dusi 
from  the  dryness  of  their  surface  io  cunsequence  tif  f^vapcim^ 
too  strong  to  be  any  longer  resisted.     The  nervtnis  channel  i: 
this  action  is  performed,  is  completed  by  the  first  bnmeh  of  thr  I 
the  Portio  Dura  of  the  Seventh,     Aj^ain,  we  have  in  sleep  or  in  .,,  ^ 
an  example  of  this  purely  spinal  action,  unbalanced  by  the  influiti>oe  tdtk 
will,  which,  in  the  waking  state,  antagonizes  it  by  calling  the  levator  ptli*- 
bne  into  action*     As  soon  as  the  will  ceases  to  act,  the  lids  dmnp,  and  <<•• 
over  the  eye  so  as  to  protect  it  j  and  if  those  of  a  sleeping  pemifi  btf^i' 

"  fCtiicfliro  Jour,  of  Nervoiii  Dltanief,  \tyi,  i\  l 
*  Memoirs  ou  the  Nervoufi  Synteni,  1S37,  p,  61* 


FUNCTIONS    Of    THE    SPINAL    CORD. 


646 


ihj  the  hand,  they  will  1)6  fmmd  presently  to  return.  Here,  as  m  study- 
-_^lhe  respiratory  aiid  other  movenients,  we  are  led  to  perceive  that  it  13 
the  Brain  alone  which  b  torpid  during  sleep,  and  whose  functions  are  affected 
by  this  torpidity.  As-  Dr,  M.  Hall  very  justly  remarks,  **  the  Spinal  sy.<lem 
never  sleeps;*'  it  is  coustantly  in  activity  ;  and  it  is  thus  that,  iu  all  perioda 
and  phases  of  Life,  the  movements  which  are  esf=ential  to  ixa  eon  tinned 
maintenance  are  kept  up  without  ^nsible  efibrt.^^-The  closure  of  the  pupil 
against  a  strong  light,  is  another  movement  of  tlie  same  protective  tendency. 
The  contraction  of  the  pupil  is  immediately  caused  by  the  Third  pair,  or 
Motor  Oculi,  as  is  easily  shown  by  irritating  the  trunk  of  that  nerve  and 
observing  the  result;  but  the  stimulus  which  excites  it  is  conveyed  through 
the  Optic  nerve^  Yet  although  the  contraction  of  the  pupil  is  usually  in 
cl*)se  accordance  with  the  sensation  occasioned  by  the  imprecision  of  light 
upon  the  retina,  yet  there  is  evidence  to  prove  that  the  sensation  of  light  m 
n*>t  always  nect^ary  ;  for  even  when  the  sight  of  both  eyes  has  been  entirely 
destroyed  by  amaurosis,  the  norma!  actions  have  been  witnest?ed  in  the  pupil, 
in  accordance  with  the  varying  degrees  of  light  impinging  on  the  retina. 
Such  ca^s  seem  to  indicate  that  the  motion  results  from  an  impregm&n  upon 
the  retioaj  which^impresciion  being  conducted  to  the  Sen^rium  ordinarily 
produces  a  sensation  ;  hut  that  even  where  no  sensation  is  produced,  on  ac- 
count of  a  disordered  state  of  the  part  of  the  ganglionic  centre  in  which  the 
Optic  nerve  terminate^*;  if  llie  central  tract  wTiich  connects  that  nerve  with 
the  Third  pair  retains  its  integrity,  the  reflex  contraction  of  the  pupil  may 
atill  be  ei[ cited  through  it.  The  rarity  of  the  occurrence  is  easily  accounted 
for»  by  the  fact  that  in  most  causes  of  amaurosis  the  disease  lies  in  the  retina 
or  in  the  trunk  of  the  nerve,  and  thereby  checks  both  its  spinal  und  its 
encephalic  actions. — Although  we  are  not  at  present  acquainted  with  any 
ainiilar  protective  movements  in  the  Human  being,  designed  to  keep  the 
organ  of  Hearing  from  injury,  yet  there  can  be  little  doubt  that  those  which 
we  are  constantly  witne^^ing  in  other  animals  pt^sessed  of  large  external 
ears,  a  re  reflex  actions  excited  by  the  irritation  applied  to  them.  In  regard 
to  the  Nose,  we  find  a  remarkably  complex  action— that  of  SneeKing — 
adapted  to  drive  off  any  cause  of  irritation  (S  304).  The  stimulus  is  con- 
veyed, in  this  case,  not  through  the  Olfactory  nerve,  but  through  the  Fifth 
nair ;  so  that  it  is  not  dependent  upon  the  excitement  of  the  sensation  of 
SmelL  The  act  of  Coughing,  also,  may  be  regarded  as  of  a  protective  char- 
acter ;  being  destioed  to  remove  sources  of  irritation  from  the  air- passages. 
Many  of  the  aulonmtic  movements  performed  by  the  Hmba  of  Frogs  and 
other  animals,  when  their  connection  with  the  brain  has  been  cut  off  (§  5C*1) 
appear  destined  to  remove  these  parts  from  sources  of  irritation  or  injury ; 
and  they  may  thus  be  rightly  placed  under  the  same  category. 

509,  The  fact  that  Sensation  is  vtry  commonly  agtsoeialed  ivlth  the  reflex 
action  we  have  been  considering,  being  produced  by  the  impression  that  ex- 
cites them,  has  led  many  to  suppose  that  it  oece^arily  participates  in  them; 
a  doctrine  which  we  have  seen  to  be  untenable.  But  the  question  not 
unnaturally  arises,  whif  Sensation  should  so  constantly  participate  in  these 
operations,  if  not  essential  to  them  ;  and  the  answer  to  this  question  is  to  be 
found  in  the  fact,  that  it  is  ooly  through  seusation  that  a  higher  set  of  ac- 
tions, menial  and  bodily,  is  called  into  play,  which  is  essential  to  the  con- 
tmued  mfxinleuaui'e  of  those  belonging  to  the  present  category*  IllustratioDi 
of  this  truth  might  be  drawn  from  any  of  the  functions  already  noticed; 
but  the  ingestion  of  food  will  supply  us  with  one  of  the  most  apposite. 
We  have  seen  that  the  act  of  Deglutition  is  in  itself  independent  of  sensa- 
tion ;  anything  that  comes  within  the  grasp  of  the  pharyngeal  constrictors 
being  conveyed  downwards  by  their  reflex  contraction,  just  as  anything 
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which  touche4*  the  arms  af  a  Pt>Iyp  is  entrapped  by  them  and  *ini»u  \bI» 
th€  i^tomacb.  But  this  action  k  attended  with  ^ttf^atioD,  m  tli«*  onitiiiff 
condition  of  the  higher  Animal,  apparently  iu  order  that  guidnnce  rait  i 
thus  a  fiord  ed  m  the  perform  a  uee  of  those  other  move  meats  i»r  ttr*t  rTi#ir% 
tnastlcation,  ete,,  by  which  the  food  may  be  brought  within  re\  w^ 

pamtus  of  deglutition;   and  the  ^usatioos  wbieh  are  linked  vv,,..  -♦* 

among  the   infltienees  which  prompt   to  tho^e  higher   mentaJ   *>^ 
whereby  food  h  provided  for  the  digestive  apparatus  to  make  iiie  <  i      i 
Zoophyte  h  <lepeJideiU  for  il^  supplies  of  aliment  upon  what  the  inirrrtjt* 
the  surrounding  fluid,  or  other  chancer,  may  bring  into  its  ne'tghht^thttii 
and  if  these  should  tail,  it  starves.     The  aueucepfialoua  lafatit,  «^ii,  c 
swallow  and  even  mt^k  ;  but  it  can  execute  uo  other  mo%  ibpleil 

obtaiu  the  supply  of  fo<Kl  continually  neeessary  for  its  nm; 
it  has  not  a  niiud  which  sensalions  could  awake  into  activity.    1  he  *ctaati« 
connected  with  exeito-motor  aetlotif  has  not  only  thii  impirtnnf  m^f  hoi  it 
frequently  contributes  to  enjoyment,  as  in  Suction  and   En 
The  sensation  aet*ompanying  the  actions  of  this  cJas*,  moren\  niH 

afflird^  prenionitioD  of  danger,  or  give^  excitement  to  suppleioentanr  mvi 
de&lined  to  remove  it,  a>^  in  the  ca?e  of  Respiration;  for  where  nnytliitf 
interferes  with  the  due  discharge  of  the  funclion,  the  uneasy  eensatioa  ibl 
en3?uej  occasions  unwonted  movements,  which  are  more  or  les?  f?^'*?« '-'^  *♦*  e^ 
niove  the  impediment,  in  proportion  as  they  are  guided  by  jnd_  miU 

as  by  eonseiout^ne^.  Again,  sensation  oflco  gives  warning  ji-:iiif>i  mv^^ 
venience,  as  in  the  excretory  functions ;  and  here  it  w  very  evident,  thftt  itt 
purpo:?e  is  not  only  (if  it  beat  all )  to  excite  the  associated  muscles  nrc^^^rf 
for  the  excretion,  but  actually  to  make  the  Will  set  up  the  anlagonitinf  nfr 
tion  of  the  sphmcters  (§  99). 

510.  We  have  now  to  inqnire  how  far  the  independetit  nctlon  of  tk 
8pjual  C\)rd  is  concerned  in  the  general  muscular  movements  of  Mafittml 
esj>ecially  in  the  locomotive  actions  of  hiA  inferior  extremities.  Chi  ihn 
point,  it  is  obvious  iliat  we  must  not  be  guided  by  the  anah>gy  of  the  h»w«r 
animals:  since  the  locomotive  and  other  movements  of  >laij  nr»  f^r  fhe 
most  [jurt  volitional  and  pur|H>sive,  and  he  has  to  ac(|utre  by  *■  Hif 

control  over  his  muscular  apparatus  which  is  necessary  to  euab:. ^*^ 

fLirm  them  ;  whilst  in  InvertebraiageuemUy.and  in  alarge  part  i»f  the  l«>w«r 
Vertebratjii,  it  is  evident  that  the  movemenls  of  progrei*sioa,  etc.,  which  •« 
chttracterbne  of  each  ipeciet,  come  under  the  general  category  of  atrtoiMtir 
actions,  and  are  provided  for  in  the  original  orgaoltation  u(  lli*  nerriwi 
centres,  being  performed  without  any  educatitiu,  and  under  cire»iMtftan» 
which  render  the  notion  of  a  purpose  on  the  Aninuirs  own  pat;  '*f«^ 

able.     In  so  far  as  these  instinctive  movements  rc(|nire  the  .  ^ 

direction  nt'  sensations,  they  must  be  referred  to  the  **coiis*iH  up; 

but  clear  evidence  is  afforded  by  the  continuance  of  many  of  il  £W 

remrival  of  the  centres  of  sensation,  that  they  are  exci to- motor  iu  ti*fir 
character*  and  that  they  require  no  higher  centre  than  the  ganglift  wliirli 
con-e^ipoud  to  the  Spinal  Cord  of  Man*^  There  can  be  little  doubt  thai  tK? 
huhltual  nuivements^  of  locomotion,  and  others  which  have  become  **tcoiiHi' 
arily  automatic/'  may  be  performed  by  Man  (under  pariicularcirciiaj^tJinrff) 
through  the  agency  of  the  Spinal  Cord  alone,  under  the  guidance  aad  tUt^' 
tion  of  the  Bensorial  centres,  or  even  wilhout  such  guidance;  the  w^winJ 
condition  Wng,  that  the  influence  of  the  Cerebrum  shall  be  entirely  ^^^^ 
drawn.  Thus,  numerous  instances  are  on  reconl,  in  which  Pitildit^r^  li*** 
continued  to  inarch  in  a  sound  sleep  ;  and  the  Author  has  been  aifc^arvd  bf 

*  Bee  Prine,  of  Comp.  Phyi.,  J}  e4&-6d«. 
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an  Intelligent  witness^  that  lie  has  seeu  a  very  accomplished  piatiist  complete 
the  perforiuaiice  of  a  piece  i>f  ntusic  i»i  Uie  same  state.*  A  case  has  heeu 
mentioDcd  to  him  by  \m  friend  Dr.  William  Biidd,  of  a  patient  laboring 
under  the  form  of  epilepsy  in  which  iliere  was  simply  a  teiii|>orary  anspen- 
sioD  of  con^ciousoess  without  convulsion,  who,  whenever  the  paroxysm  came 
00,  persiflt^  in  the  kind  of  movement  i»  which  he  was  engaged  at  the  mo- 
itient ;  and  thus  on  one  occasion  fell  into  the  water  through  continuing  lo 
walk  onwurd.s  and  frequently  (be! tig  a  shoemaker  by  trade )  wounded  his 
fingers  witli  (he  awl  in  his  hand,  by  a  repeiilion  of  the  movement  by  which 
he  w^m  enrleuvoring  to  pierce  the  leather.  Such  facts  asi  these  add  great 
strength  to  the  probability,  that  when  the  Cerebral  power  la  not  Rnspeniled, 
but  merely  direr  ted  into  a  tint  her  ehanael,  as  in  the  i^  tales  of  Reverie  or 
Abstraction,  and  the  attention  is  entirely  drawn  otf  from  the  movement!?  of 
locomolion,  the  continuance  of  these  is  due  to  the  indefiendent  automatic 
action  of  the  Spinal  Cord,  the  direcUoii  Ijeing  given  to  them  by  the  Sensory 
Ganglia,  This  point,  however,  will  be  more  fully  considered  here^tlter;  at 
prest^nt  it  may  be  rentarked,  that,  wbeo  a  regular  train  of  movements  is 
Wing  performed  under  such  conditions,  every  single  action  may  \w  probably 
regarded  as  atfbrding  the  stimulus  to  the  nejct;  each  contact  of  the  fool  with 
the  ground,  iu  the  act  of  walking,  exciting  the  muscular  contractions  which 
conatitute  the  next  step;'  and  each  movement  of  the  musician  prompting 
that  which  has  customarily  followed  it,  after  the  jiamc  fashion. 

511.  Now  iu  all  these  cases  it  seems  rea^^nable  to  infer  that  the  &arae  kind 
of  connection  between  the  excitor  and  m{>tor  nerves  comes  lo  be  formed  by 
a  process  of  gradual  development,  as  originally  exists  in  the  nervous  systeme 
of  those  aninjals  whose  movements  are  entirely  automatic  j  this  jK>rtitJi»  of 
the  nervous  system  of  Man  being  so  constituted,  as  to  gruw  to  the  mmle  iu 
which  it  is  habitually  called  into  play.  Such  an  idea  is  supported  by  all 
ihai  we  know  of  the  formation  and  persistence  of  hibltn  of  nervo-miisculaf 
action,  Fr>r  it  is  a  matter  of  universal  ex|>erience  that  such  habits  are  far 
more  readily  acquired  during  the  periods  of  infency;  childhood,  and  youth, 
than  they  are  after  the  attainnjent  of  adult  age;  and  that  the  earlier  they 
are  acquired,  the  more  tenaciously  are  they  retained.  Now  it  is  whilst  the 
organism  is  growing  most  rapidly,  and  the  greatest  amount  of  new  tissue  is 
coiusequeutly  being  formed,  that  we  should  expect  such  new  connections  to 
be  mowt  readily  established ;  and  it  is  then,  tooj  that  the  aiesimilalive  pro- 
ce^es  most  readily  take  on  that  new  mode  of  action  i§  33B),  which  often 
bei^omes  so  completely  a  '* second  nature/'  as  to  keep  up  a  certain  acquired 
mode  of  nutrition  through  the  whole  subsequent  life.  It  is  an  additional 
and  most  injportant  confirmation  of  this  view,  to  find  that  when  a  nerve- 
trunk  has  been  cut  across,  the  re-establish  men  t  of  its  e^mduetive  power, 
which  takes  place  at'ler  a  certain  interval,  is  effected,  not  by  the  reunion  of 
the  divided  fibres,  but  by  the  development  of  a  new  set  of  peripheral  fibres  iu 
the  place  of  the  ohl  ones  (which  undergo  a  gmdual  degeneration),  this  de- 
velopment proceeding  from   the   point  of  section,  and  the  central   fihres 


*  In  plHying  by  memory  on  a  musical  instrumenl,  the  mnncnttfr  sspfise  ofl^n  sutj- 
g(»t4  thci  **H]u*'n<:e  of  tnuVGrnetita  wilh  m*»r*?  cf^rlniinty  ihiin  \\\g  aadlturif ;  Hiid  ^irit**^ 
the  im|irv*siufis  derived  from  tbii  musclefl  fuay  prompt  und  r^'i^ulfltts  pueL-i^eiJTunMl 
moifcnn?nr%  without  a^ectin^  the  conscinu^ne**,  thtr©  is  nu  such  imprwbabilily  in  tho 
44t>iiv<i  flMtemtjnt  ftg  might  at  iirst  sight  ajipcun 

•  Thft  iruUi  tif  this  vit-w  iOflma  to  the  Author  to  be  strongly  ?!ipjK>rted  by  ahs&rTa- 
tion  of  the  mode  ir\  which  Infants  learn  t<>  walk;  ft»r  it  rajiy  ofti-n  b(*  observed  that 
long  bHWo  they  enn  *tni>d,  they  wlU  mstiin*tiv*?ly  perform  the  moT«menta  of  walk* 
ingj  if  they  h«  *o  tupporicd  thwt  the  fevt  looch  the  ground. 
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remainitig  unaltered/ — That  an  actual  continuity  uf  uenre-fibrv.*,  biJief^| 
is  not  requisite  for  tlie  eHiablialmieui  of  tbtwe  coiiiitfction^  ()«t«iee(i  e^rtto 
and  motor  uervei*,  it)  wblch  the  central  organs  lake  part*  t^-i^tn^  pruUUt 
from  the  fact^  that  under  particular  cireutufliaueed  ^ve  ^nd  tliL^  uillatii»  uf 
such  impressbna  radiaiiii|r  in  every  Jirectbn,  and  extending  in  «t-rv<»n!»iiii 
they  do  not  ordinarily  afect.  Still  there  can  he  no  doubi  that  the  vimt- 
force  k  disposed  to  pa,«s  in  special  Iraeh:  and  it  geenjs  prubabk%  timt  wliik 
Bome  of  these  are  originally  marked  out  for  the  auLoniatic  tnoTemfnU,*!''^  " 
may  be  gradually  worn  in  {m  to  speak)  by  the  habitual  aciiou  uf  ihel 
and  that  thus,  wfien  a  train  of  sequential  actions  primarily  din;^ci«<l 
Will  \mn  been  outre  &et  in  opera  lion  ^  it  may  continue  without  aoy 
influence  from  ibat  source. 

512.  Another  umnifestation  of  the  independent  power  of  tbe  Bptcml  Cu 
h seen  in  i ts  i n fl u eo ce  o n  Mtittcn far  Tttmoft . ^The  va ri o u«  m u^cl &i  n i' 
even  when  there  is  the  most  complete  absence  of  effort,  Diaintui. 
healthy  state  of  the  syslem  a  certain  degree  of  firm ne^^*,  by  their  iinug<4i4i 
with  each  other  j  and  if  any  set  of  muscles  be  completely  panilyitil,  i 
opposing  muscles  will  draw  the  part  on  which  they  act  out  of  its  ptisitino  rf 
re|>osc  J  as  is  weli  seen  in  the  dis^tortion  of  the  face  which  in  ehamctt?ni4icif 
paralysis  of  the  facial  nerve  on  one  side.  This  condition  has  hrx*n 
uated  as  the  tone  of  the  Muscles;  but  this  lerm  renders  it  liabk*  t^  \r^ 
founded  with  their  tonic  con  tract  wn,  which  is  also  con  cerned  id  m  . 
their  firmness,  but  which  is  a  manifestation  of  the  simple  c^"* 
their  tissue,  and  is  exhibited  alike  by  the  striated  and  the  nou 
of  muscular  fibre,  but  more  esj>eciaSly  by  the  tatter.  On  tbt-  uu.rj 
the  coudition  now  alluded  to,  which  may  j)erluips  be  appropmii-lr  1 
their  ^era#mn,  is  the  rejsultof  a  moderate  though  continued  exel: 
contractility,  through  the  nervous  ceutrcji.  It  ba^  been  pri>\ 
Hall  that  the  MuKinlar  Tension  is  dependent,  not  upon  the  hr 
Brain,  but  upon  that  of  the  Spinal  Cord,  a.^  the  following  ex 
luonstrnte:  ''Two  Rabbit:*  were  tnken ;  from  one  the  bead  w^jm^  fiii*Micil;j 
from  the  other  al>io  the  head  was  removed,  and  the  spinal  marnm  wi»j 
eautirm.^ly  destroyed  with  a  .^harp  instrument:  the  bniba  of  thi!  f*>rmeri*-j 
tained  a  certain  degree  of  firmness  and  elaj^ticity ;  tbosse  of  the  wpnad  ieni 
perfectly  lax."  Again:  '*The  limbs  and  tail  of  a  decapitated  Turtle  pj*- 
&essed  a  certain  degree  of  firmness  or  tone,  recoiled  on  beintf  .Umvn  frx^ii 
their  position,  and  moved  with  energy  on  the  application  of  a  -  Ob 

withdrawing  the  spinal  marrow  gently  out  of  iu  canal, all  tht>v  i-.-.  .^  .;jcbi 
ceased.  The  limbs  were  no  longer  obedient  to  stimuli,  and  became  p'rfedJj 
flaccid,  having  lost  all  their  resilience.  The  sphincter  lost  its  circnilar  Umu  ^d 
contracted  state,  becoming  lax,  flaccid,  and  shapeless*  The  tail  wa.^  rtaaii 
and  unmoved  on  the  application  of  stimnli."'  It  is  further  :  '  \  hf 
MesstiB.  Todd  and  Bowman,  that  *'a  decapitated  frog  will  <«  tii 

iitting  posture  through  the  infiuc^nce  of  the  spinal  cord:  Init  mujuiiairlf 
this  organ  is  removed,  the  limbs  fall  apart.''— This  operation  of  Thr-  f^poil 
Cord  is  doubtless  but  a  peculiar  mauifestivtion  of  it^  ordinary  ri  '"ft- 

A  curious  experiment  by  M.  Browu-Sequard*  shows  that  thi*  *:V  -io* 

to  loss  of  contractility  in  the  muscles;  for  althou^i^h,  after  n 
Bpinal  Cord,  there  is  a  temporary  diminution  in  their  power,  - 

interval  the  n^uscles^  when  stimulated  to  contract,  wilt  not  onlv 
equal  but  even  a  greater  weight  than  before,  tlie  dieet  ladtiug  In 


1  Sm  Dr,  "WalTei^^t  im  porta  nt  rfi*««rchei  on  tlie  lUtprodo^ltOfi  of  K«rto(tf  Sa^ 

ittiiicp,  in  Mtlller's  Arcljiv^  18i>2^  Hoft  iv. 


*  Mcmmn  on  the  Nervous  System,  1837,  p-  0S, 
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fro^  for  24  houn?  or  more.  Thus,  two  frogs,  A  aod  B,  hiid  weigh  ti!  fastened 
to  the  hi  nil  legs  until  they  were  unable  in  raise  them ;  the  weighting 
amounted  io  each  case  to  &25  grains.  Immediately  atler  divisioa  of  the 
Cord  the?  were  able  to  raise— 


Smtnutet 
mTlitr, 

15  ralnutoi 

2Si  rainuUii 

1223 
925 

1  liour 

200S 
1540 

2  Haun. 

4buun 

24  btiiiri 
lifter. 

IS  biturt 

8}  lo4  ^rainii, 

4*33 

IT25      ' 
617 

2100 
1S51 

2100 
20I>S 

2814 
2100 

2^114 
2160 

We  shall  henmfter  see  how  much  the  influence  of  the  WtH  in  prodoeiog 
the  active  contmction  of  a  mnsete,  is  dependent  upon  senaatiooi  received 
from  it ;  and  it  seems  highly  probable  that  the  impression  of  the  state  of  the 
uiu&ele,  conveyed  by  the  afterent  fibres  proceeding  from  it  to  the  Spinal 
Cord,  is  sufficient  to  excite  this  Mate  of  moderate  tension  through  the  motor 
nerves  arising  from  the  hitter.  Such  a  view  derives  prohability  from  the 
fact,  which  must  have  fallen  under  the  obriervatiou  of  almost  nveTj  oir%  that 
most  reflex  actions  become  increased  in  energy,  if  resistance  be  made  to 
them.  Of  this  we  have  familiar  examples  in  the  action  of  the  espulsor 
muscles  which  operate  in  defc-catiou,  urination,  and  parturition,  if,  when 
they  are  strongly  excited,  their  etforts  be  opfKJsed  by  spasmodic  contraction 
of  the  sphincters,  or  by  mechanical  means,  Many  forms  of  convulsive 
movement  exhibit  the  same  tendency,  their  violence  being  proportional  to 
the  mechanical  force  used  to  restrain  them,  Here  it  la  evident  that  the 
impreMton  o/  resiatance  conveyed  to  the  Spinal  Cord  is  the  source  of  the 
increased  energy  of  its  motor  influence;  from  which  we  may  fairly  infer  that 
the  moderate  resistance  occasioned  by  the  natural  aniagouUm  of  the  mus* 
cle8,  ij*  the  source  of  their  con  tin  ue*!  and  moderate  tension,  whilst  tltey  are 
uoder  the  influence  of  the  Spinal  Cord,     This  constant  though  gentle  action 

Pym  to  keep  up  the  nutrition  of  the  muscles  which  are  paralyzed  to  tlie 
1;  and  this  k  still  more  completely  maiutained,  it"  tlie  portion  of  the 
nervous  centres  with  which  they  remain  connected  be  so  unduly  irri table, 
that  the  muscles  are  called  into  contraction  upon  the  slightest  excitation, 
and  are  thus  continually  exhibiting  twitch ings,  itartings,  or  more  powerfui 
convulsive  movements.  It  is  upon  the  continuance  of  the  nutrition  of  the 
muscles,  that  the  persistence  of  their  coutractility  depends;  and  hence  the 
Spinal  Cord  has  an  indirect  influence  upon  the  peculiar  property,  which  is 
more  likely  to  be  retained  when  the  muscle  is  still  subject  to  the  iuflueuee  of 
the  Spinal  Cord,  though  cut  off  from  that  of  the  Brain,  than  when  it  is  com- 
pltrtely  paralyzed  by  the  entire  severance  of  its  connection  with  the  nervous 
centres* 

3.   0/ the  Senmrif  Gan/^lin  and  their  Fnnetionji, —  Comenintal  Movmnentai. 

613.  At  the  base  of  the  Brain  in  Man,  concealed  by  the  Cerebral  Hemi- 
spheres, but  still  readily  distinguishable  from  them,  we  Snd  the  series  of 
ganglionic  masses  wbich  have  been  already  mentioned  as  being  in  direct 
connection  with  the  nerves  of  Sensation,  and  which  appear  to  have  liiiic< 
tions  quite  independent  of  those  of  the  other  components  of  the  Encephalon. 
These  are  the  Olfactory  and  Optic  ganglia  (Corpora  Quadrigemina),  with 
the  Auditt»ry  and  Gustatory  centres  contained  in  the  Medulla  Oblongata* 
The  structure  of  the  <_H>rpora  Quadrigemina  hiw  been  shown  by  Mr.  Lock* 
hart  Clarke^  to  consist  of  nerve-colls,  together  with  oblique,  transverse,  and 

*  Proceedings  of  the  Ruynl  Sndet3%  Jum*  20th,  1861* 
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longitudinal  Derve-fibres  re^tiup  on  an  arched  traDSfmreDt  lamina,  «U 
forNi:3  the  roof  of  the  Sylvian  Aqueduct.     A  large  prujMjrtioo  lif  iWupik 
imct  b  connected  with  the  nates.— But  besides  these,  at  the  base  i»f  tii»? 
Cerebral  Hcnn^Hphcres,  we  find  two  other  large  ganglionic  maaaei  uQ  *;alitr 
iidc,  lliiviugh  which  nf*arly  all  tlie  fibres  appear  to  pass  that  ciiudki  \kt 
HL^mi2?phercs  with  the  Medulla  Oblongata:  namely;  the  T7tci/a?wi  Optla  tU 
the  Corpora  iStriata.     Now,  although  the^e  are  commonly  regardtHi  jij  tlic 
light  of  appendages  merely  to  the  Cerebral  Hemispheres,  it.  h  widt^ui  frtim 
the  large  quaniity  of  vesicular  matter  they  contaiu,  that  they  imi5l  nmkai 
iDdepeudetit  ganglionic  centres;  and  this  view  [a  supp4>rte<i  alike  by  the 
evidence  of  Comparative  Anatomy,  and  by  that  a0t*rdt!d  by  the  lu^ttorj  of 
Development.     I"  or  it  t»  certain  that  the  size  of  the  Thalaiwi  Opiici  mid 
Corpora  Striata  presents  no  more  relation,  in  diflemut  tribe?  of  animd*,  to 
ttbat  of  the  Cerebrum,  than  d^^e^  timt  of  ilie  ganglia  of  Spi^dal  ^t^n^H-;  id 
they  may  even  present  a  cont^iderable  development,  whi^n  ihe  *n>ij<lififB  *if 
the* Cerebrum  i*  quite  rudimentary*     Thus,  in  the  O-iseous*  Fv 
examinatitm  of  tiie  relatujRB  of  the  bmly  which  b  known  n= 
(Fig.  193,  c)  makes  it  apparent  that  this  is  the  repm^ent.i 
the  pro(»er  Optir  gitnglion  uf  JIan,  but  also  of  the  nmianin      '^ 
again,  tl^e  ma?^  which  if*  designated  m  the  Cerebral  lobe  i  b)  is  ehu  tly  h- 
ogouB  with  the  Corpus  Striaiym  of  higher  aiiinial-s.     The  uatnn'  nf  the  Uiiir 
body  i&  made  apparent,  in  the  higher  Cartilaginous  Fishes,  by  the  jvrtaieow 
of  a  ventricle  in  its  interior;  the  floor  of  this  cavity  lieing  fonniJ  by  Lk 
Corfuia  Stria  tun  J,  whilst  the  thin  lay*^r  of  nervous  matter  which  f^mm  it* 
roof  h  the  ordy  representative  of  the  Cerebral  liemispht^re.     8<j  in  the  Imuyvr 
embryo  of  the  sixth  week,  we  find  a  distinct  vesicle  for  the  TluiUmi  iPi 
interposed  between  the  vesicle  of  the  Corpora  Qyadrigemina  and  that  hIjiuj 
gives  origin  to  the  Cerebral  Hemispheres;  wliibt  the  Corp<jm  Stnntn  eidisti* 
tute  the  door  of  the  cavity  or  ventricle  which  exists  In  the  luttcr,  j" 
as  yet  of  eoraparativcly  small  dimensiorjs.— ^Now»  as  already  p  ■ 
(I  488 )p  we  may  dii*tinguish  in  the  Medulla  Obltrngnta  and  * 
a  miiifortf  and  a  motor  tract,  by  the  endowmenti^  of  the  nerves  w  L 
them*     The  sensory  tract  may  be  traced  upwards,  until  it  almos; 
spreads  it,'?elf  through  the  substance  of  tlie  llmlumus*     Moreover^  t 
nerves  and  the  peduncles  of  the  Olfactory  may  be  shown  to  have  a  titibtict 
connection  with  the  Thalami,  the  former  by  the  direct  pa^^wigo  nf*  n  u^tthn 
of  their  roots  into  these  ganglia,  and  the  latter  through  thi^  M' 
Fornix.     Hence  we  may  fairly  regard  the  Thalnmi  Of  dirt  as  t. 
of  the  Semort/  nerves,  and  more  ej*pecially  as  the  ganglionic 
nerved  ai' eommou  sensatioti,  which  a.>^cend  to  it  fnnii  the  Mcdoiisi  '  ^iu'c-j^ 
and  spinal  C^n*d, — On  the  other  hand,  the  Otrpora  St r tufa  arc  imniiinl«d<^ 
the  Miftor  tract  of  the  Crura  Cerebri,  which  dei^cend  into  the  ry mmwl*l 
columns ;  and  their  relation  to  the  fibres  of  which  that  tract  u  rom[*i*<^lt 
ap[>earii  tt>  be  essentially  the  same  as  that  which  the  Tbalami  bear  tu  tk 
sensory  tract,— The  Corpora  Striata  are  connerted  with  ^':i«"U  nthf-r.  *>n  lii'' 
median  plane,  by  the  anterior  commissure ;  and  the  Tbalum  i    ' 
and  the  poii^eriyrcommij^ures.     The  Corpus  Striatum  ami  i 
of  the  same  *iide  are  very  closely  connected  by  eommissiirai  tih^ 
from  oue  to  the  other  i  and,  if  the  preceding  account  of  the  rcr; 
of  these  bodies  be  correct,  they  may  be  regarded  as  having  much  the  hsioh- 
relation  to  each  other  as  that  which  exisU  between  the  jmsterior  and  untirvor 
peaks  of  vesicular  matter  in  the  Spinal  Cord ;'  the  latter  iwsuing  mutor  ini' 


A  Thii  WHS  flr«t  pointed  out  by  Meaif^.  Todd  jind  Buwrnun,  In  thpir  ri»j 
AriHtomy,  voL  i,  pp.  347-350. 
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pnlses  in  respondence  to  sensations  excited  through  the  former.  They  are 
■klso  intimately  connected  with  other  ganglionic  masses  in  their  neighborhood, 
such  as  the  "  locus  niger/'  and  the  vesicular  matter  of  the  "  tuber  annulare ;" 
which,  again,  are  in  close  relation  with  the  vesicular  matter  of  the  Medulla 
Oblongata. 

514.  It  has  been  commonly  supposed  that  the  fibres  of  the  Crura  Cerebri, 
after  entering  the  Corpora  Striata  and  Thalami  Optiei,  pass  continuously 
through  these  bodies,  receiving  **  reinforcements  "  of  additional  fibres  from 
their  ganglionic  matter ;  and  that  they  then  radiate  to  the  internal  surface 
of  the  gray  matter  of  the  Cerebral  Hemispheres.  Such  would  certainly  be 
the  conclusion  to  which  a  superficial  examination  of  their  course  would  lead. 
Bat  very  strong  reasons  have  recently  been  advanced  for  the  belief,  that  the 
fibres  oi  the  Crura  Cerebri  for  the  most  part,  if  not  entirely,  terminate  in  the 
vesicular  substance  of  the  Corpora  Striata  and  Thalami  Optici ;  and  that  the 
radiating  fibres  of  the  Hemispheres  take  a  fresh  departure  from  these  ganglia, 
serving,  in  fact,  the  part  of  commissures  to  connect  their  vesicular  substance 
with  that  of  the  Cereorai  ganglia.^  And  this  view,  as  we  shall  hereafter  see, 
is  iu  complete  accordance  with  the  existence  of  a  very  decided  phyuological 
separation  between  these  two  sets  of  organs. — Altogether  it  is  very  evident, 
that  a  series  of  true  ganglionic  centres  exists  at  the  base  of  the  Eucephalon, 
which  are  really  as  distinct  from  either  the  Cerebrum  or  Cerebellum  as 
the  latter  are  from  each  other ;  and  as  these  centres  are  in  immediate  con- 
nection with  the  nerves  both  of  special  and  of  general  Sense,  they  may  be 
appropriately  designated  the  Sensory  Ganglia, — An  inqury  into  the  distribu- 
tioD  and  endowments  of  their  nerves  will  assist  us  in  the  determination  of  the 
functions  of  the  central  organs  in  which  they  terminate. 

515.  Nerves  of  Special  Sense, — Through  the  First  pair,  or  Olfactory  nerve, 
are  transmitted  the  impressions  made  by  odorous  emanations  upon  the  sur- 
&ce  it  supplies;  and  it  is  not  susceptible  to  impressions  of  any  other  kind. 
Anatomical  examination  of  the  distribution  of  this  nerve  proves  that  it  is 
not  one  which  directly  conveys  motor  influence  to  any  muscles,  since  all  its 
branches  are  distributed  to  the  membrane  lining  the  nasal  cavity;  and  ex- 
perimental inquiry  leads  to  the  same  result,  for  no  irritation  of  the  peduncles 
or  branches  excites  any  muscular  movement.  Further,  no  irritation  of  any 
part  of  this  nerve  excites  reflex  actions  through  other  nerves.  Again,  it  is 
not  a  nerve  of  *'  common  "  sensation  ;  for  animals  exhil)it  no  signs  of  pain 
when  it  is  subjected  to  any  kind  of  irritation.  Neither  the  division  of  the 
nerve,  nor  the  destruction  of  the  olfactive  ganglia,  seems  to  inconvenience 
them  materially.  They  take  their  food,  move  with  their  accustomed  agility, 
and  exhibit  the  usual  appetites  of  their  kind.  The  "  common  "  sensibility  uf 
the  parts  contained  in  the  olfactive  organ  is  in  no  degree  impaired,  as  is  shown 
by  the  effects  of  irritating  vapors;  but  the  animals  are  destitute  of  the  sense 
of  smell,  as  is  shown  by  the  way  in  which  these  vapors  affect  them  ;  for  at  first 
they  appear  indifferent  to  their  presence,  and  then  suddenly  and  vehemently 
avoid  them  as  soon  as  the  Schneiderian  membrane  becomes  irritated.  More- 
over, if  two  dogs,  with  the  eyes  bandaged,  one  having  the  olfactory  nerves 
and  ganglia  sound,  and  the  other  having  had  them  destroyed,  are  brought 
into  the  neighborhood  of  the  dead  body  of  an  animal,  the  former  will  ex- 
amine it  by  its  smell ;  whilst  the  latter,  even  if  he  touches  it,  pays  no  atten- 
tion to  it.  This  experiment  Valentin''  states  that  he  has  repeated  several 
times,  and  always  with  the   same  results.     Further,  common  observation 


*  Si»e  especially  Mcssr-*.  Todd  and  Bownuurs  Physiolojfical  Anatomy,  vol.  i,  p.  277; 
•nd  Prof.  Kolliker's  Mikroskopische  Anulomie,  Bd.  ii,  J  118. 

*  De  FunctionibUi}  Nervorum  Cerebralium,  etc.,  Buriito,  1839. 
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ghaws  til  at  se^mhifll^  io  imiftni^t  such  lis  snuff,  and  ajritfffHfJ^  of  Nnifl^\mit\ 
DO  coustant  proportiou  to  one  another;  and  there  is  amfile  pjtiTu.lovir^ilj 
denee,  that  the  want  of  this  sense  is  connected  with  ^omc  m* 
of  the  oIfact»>ry  nerves  or  ganglia.— It  is  well  known  ih'*  9| 

maintained^  that  the  Fifth  pair  in  some  waj  furnishes  ( > 
for  the  exercise  of  the  power  of  smell  ;  asserting  tJmt»  iwi»  n  it  l-  nit^T 
animal  is  deprived  of  this  sense.     But  his  experiments  were  mad€  witli  in 
tatiiig  vapors,  which  excite  sternutation  or  other  violent  mu.^t-uUr  iriia 
not  through  the  Olfactory  nerve,  but  lb  rough  the  FiOh  pair  ;  an*!  iht?  eip 
ments  of  Valentin,  just  related,  fully  prove  that  the  nniinak  are  not  s 
to  odoviSf  strietly  so  called,  after  the  Olfiictorj  nerve  has  been  divided.  I 
acute ne&s  of  the  true  sense  of  smell  is  lessened  by  section  of  ihe  Fifthj 
but  this  is  because  the  Bchneideriau  membrane  is  then  no  hmger  duly  mo 
by  its  proper  secretion,  and  when  dry  it  is  less  sus4'eptible  uf  the  imf 
made  by  those  minute  particles  of  odoriferous  substnuce?,  to  which  I  he  i 
ment  of  the  sensiition  must  he  referred*     A  number  of  cases  have^  1 
been  culleeted  by  Claude  Bernard,  and  especmlly  a  welb»ntheutiral«d« 
(Marie  Lorn  mens),  in  which,  whilst  no  failure  of  the  sense  of  sme]j  wsbo^ 
served  durirrg  life,  the  complete  absence  of  the  olfactory  nerve  was  aaoerulneil 
on  poit- mortem  examination, 

510*  That  the  Second  pair,  or  Optw  uerve»  has  an  analoEoua  dmnrter, 
ap(>eai^  alike  from  anatomical  and  experimental  evidcnccp  No  cht^miciii^ 
mechanical  stienulus  of  the  trunk  producers  direct  mubcular  motion  :dwi 
does  it  gl%'"e  rise,  so  far  as  can  be  ascertained,  to  indications  of  pain  ;  mhen^t 
it  may  be  concluded  that  this  nerve  is  not  one  of  *'  common  **  »en^tioii. 
That  the  ordinary  sensibility  of  the  eyeball  remains,  when  the  funi-tiuat af 
the  Optic  nerve  are  completely  destroyed,  is  well  known  ;  as  is  sIjhj  thti 
that  division  of  it  puts  an  end  to  the  power  of  vij^ion.  Valentin  ttait^f 
although  the  Optic  nerve  may,  like  other  nerves,  bo  in  appearantv  l. 
regenerated,  he  has  never  been  able  to  obtain  any  evidence  that  t  . 
of  sight  has  been  in  the  lea^t  degree  recovered*  He  remarks  that  aaijua 
suddenly  made  blind  exhibit  great  mental  disturbance,  and  perfonn  aiant 
unaccustomed  movements;  and  that  the  complete  absence  of  thr  ftowffpf 
vision  is  easily  ascertained.  Morbid  changes  are  sometimes  ob^rved  toukf 
place  in  eyes  whose  Optic  nerve  has  been  divided ;  but  these  are  bv  no  mmtn 
80  constant  or  so  extensive,  as  when  ibe  Fifth  pair  is  paralysed  ;  aail  lJ»rf 
may  not  improbably  be  attributed  to  the  injury  occastonad  by  tht*  o|x^«U« 
itself,  to  the  parts  within  the  orbit. 

617.  The  Optic  nerve,  though  analogous  to  the  Olfactory  in  all  tht!|i&fflt* 
hitherto  mentioned,  differs  from  it  in  one  inifiorcant  resjwct :  that  il  lit*  il>* 
po w e r  of  con vey i ug  i m j » ressi o n s  w b i c b  e x c i t c  r<:Jltx  m u scu  1  ar  mot h m .■».  Tti k* 
le  especially  the  case  in  regard  to  the  IriM,  the  ordinary  actions  i*f  whirbtf* 
regulated  by  the  degree  of  light  impinging  on  the  retina*  Tho  tibn!*oflk 
optic  nerve  that  reflec  tori  ally  excite  the  branches  of  the  third  ntrvif  »H»* 
tributed  to  the  Iris  undergo  complete  doeussation  in  the  chiit^ma  <»[Jtirt.' 
When  the  Optic  nerve  is  divided,  contraction  of  the  pupil  take**  nlner;  W 
thii*  does  not  occur  if  the  connection  of  this  nerve  with  the  tliinl  jmir,  tbroujd* 
the  nervous  centres,  be  in  any  way  interrupted.  After  such  divi*if>T»  i  if  ruw 
plete),  the  state  of  the  pu|>il  is  not  afiected  by  variations  in  th^  degree <i(f 
light  impinging  on  the  retina  i  esccepl  in  particular  cases,  in  which  it  i*iB* 
fluenced  through  other  channels.  Thus,  in  a  jmtient  snffrnng  umWimwt* 
rosis  of  one  eye,  the  jiupil  of  tlie  affected  eye  is  often  found  l*»  vary  b  «*i 
iu  aocordauee  with  that  of  the  other  eye ;  but  this  effect  id  due  to  ihr  aetkiir 
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»f  ligbt  on  the  retina  of  the  sound  eye,  which  produces  a  motor  change  in 
the  Unrd  pair  on  both  sides.  Further,  as  already  shown  (§  508),  the  impres- 
rian  only  of  light  upon  the  retin^  may  give  rise  to  contraction  of  the  pupil, 
by  reflex  action,  when  the  Optic  nerve  is  itself  sound  ;  whilst  no  sensations 
are  received  through  the  eye,  in  consequence  of  disease  in  the  sensorial  por- 
tion of  the  nervous  centres.  Although  the  contraction  of  the  pupil  is  effected 
by  tbe  influence  of  motor  fibres  which  proceed  to  the  sphincter  of  the  Iris 
from  the  third  pair  of  nerves,  through  the  Ophthalmic  ganglion,  its  dilata- 
tioD,  as  we  shall  hereafter  see,  do()euds  upon  the  influence  it  derives  from  the 
Bympathctic  system,  of  which  that  ganglion  forms  a  part. — Besides  the  con- 
traction of  the  pupil,  another  action  of  a  "  reflex "  character  is  produced 
through  the  Optic  nerve;  namely,  the  contraction  of  the  Orbicularis  muscle 
ander  the  influence  of  strong  light,  or  when  a  foreign  body  is  suddenly 
brought  near  the  eye.  But  this  cannot  be  excited  without  a  consciousness 
of  tbe  visual  impression  ;  in  fact,  it  is  a  movement  of  a  ''consensual "  kind, 
produce<l  by  the  painful  sensation  of  light,  which  gives  rise  to  the  condition 
well  characterizea  by  the  term  photophobia.  The  involuntary  character  of 
it  must  be  evident  to  every  one  who  has  been  engaged  in  the  treatment  of 
diseases  of  the  eyes;  and  the  effect  of  it  is  aided  by  a  similarly  involuntary 
movement  of  the  eyeball  itself,  which  is  rotated  upwards  and  inwards,  to  a 
greater  extent  than  the  Will  appears  able  to  effect. — Another  reflex  move- 
ment excited  through  the  visual  sense  is  that  of  Sneezing,  which  is  induced 
in  many  individuals  by  the  sudden  exposure  of  the  eyes  to  a  strong  light: 
of  tbe  purely  automatic  character  of  this  movement  there  can  be  no  ques- 
tioiiy  since  it  cannot  be  imitated  voluntarily  ;  and  that  it  is  not  excito-motor, 
is  proved  by  the  fact  that  it  is  not  excited  unless  the  light  be  seen} 

518.  There  is  a  further  peculiarity,  of  a  very  marked  kind,  attending  the 
course  of  the  Optic  nerves ;  this  is  the  crossing  or  "decussation  "  which  they 
undergo  more  or  less  completely,  whilst  passing  between  their  ganglia  and 
the  eyes.  In  some  of  the  lower  animals,  in  which  the  two  eyes  (from  their 
hiteral  position)  have  entirely  different  spheres  of  vision,  the  decussation  is 
complete;  the  whole  of  the  fibres  from  the  right  optic  ganglion  passing  into 
the  left  eye,  and  vice  versa.  This  is  the  case,  for  example,  with  most  of  the 
Osseous  Fishes  (as  the  cod,  halibut,  etc.) ;  and  also,  in  great  part  at  least, 
with  Birds.'  In  the  Human  subject,  however,  and  in  animals  which,  like 
biro,  have  the  axes  of  both  eyes  directed  to  the  same  object,  the  view  enter- 
tained by  many  excellent  anatomists  and  microscopists  up  to  a  recent  period 
was  that  suggested  by  Hannover,*  namely,  that  the  posterior  border  of  the 
Optic  Chiasma  is  formed  exclusively  of  commissural  fibres,  which  pass  from 
one  optic  ganglion  to  the  other,  without  entering  the  real  optic  nerve; 
whilst  the  anterior  border  of  the  Chiasma  is  composed  of  fibres,  which  seem, 
in  like  manner,  to  act  as  a  commissure  between  the  two  retina' ;  passing  from 
one  to  the  other,  without  any  connection  with  the  optic  ganglia.  The  tract 
which  lies  between  the  two  borders,  and  occupies  the  middle  of  the  Chiasma, 
Hannover  considers  to  be  the  true  Optic  Nerve ;  and  in  this  he  thought  that 
a  portion  of  the  fibres  decussates,  whilst  another  portion  passes  directly  from 
each  Optic  ganglion  into  the  corresponding  eye.  The  fibres  proceeding  from 
the  ganglia  to  the  retina?,  constituting  the  proper  Optic  Nerves,  he  distin- 
guishe<l  into  an  internal  and  an  external  tract.  Of  these  the  external^  on  each 
eide,  he  maintained,  passes  directly  onwards  to  the  eye  of  that  side ;  whilst 

^  A  patient  was  for  »ome  time  in  the  Londr>n  Hospital,  in  whom  there  whs  f^uch  un 
andue  impressibility  of  the  retin»i,  that  she  couhl  not  remain  in  even  a  moderate  light 
without  H  continuHl  repetition  of  ihe  aet  of  Sneezinij. 

•  See  S*>lly  on  The  Human  Brain,  2d  edit.,  p.  288. 

*  Das  Auge,  1852. 
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the  inUrnal  ert)!gf<eti  over  to  tlie  eye  of  the  oppoifiU  side.  The  distributton  of 
these  two  sets  of  fibres  in  the  retina  of  each  eye  respectively,  woubJ  thus  be 
ftucb  that,  as  Mr.  Mayo  concluded,  the  fibres  Irom  either  optic  ganglion  ia 
distributed  to  ifj^  (nm  side  of  both  eyes;  the  right  optic  ganglino  being  thyfl 
excUisively  connected  wir.h  the  outer  part  of  the  retina  o?  the  right  eye,  and 
with  the  inner  part  of  the  retina  of  the  left;  whilst  the  left  oplic  ganglion 
h  connected  exclwrnvely  with  the  outer  side  of  the  left  retina,  and  with  the 
inner  ^idc  of  the  right.  Now  as  either  dde  of  the  eye  receives  the  images  of 
objectg  which  are  ou  the  other  eide  of  its  axi§,  it  follows,  if  this  account  of 
the  distribution  of  the  nerves  be  correct,  that  in  Man,  as  in  the  lower  ani- 
mals, each  ganglion  receives  the  imi>re^ions  of  objects  situated  on  the  oppo- 
mie  side  of  the  body.  The  recent  researches  of  Biei*iadecki,'  Mandelstamni,' 
and  Michel,'  have  thrown  much  doubt  upon  this  view,  and  seem  to  prove 
that  the  decmsaihn  of  ihe  ojAie  nerves  w  eo^rtpiek  in  Man,  though  the  fibrea 
puj*sue  a  wavy  course,  which  might  readily  lead  to  the  assumption  of  the 
existence  of  the  commissures  and  tracts  above  meulioned.  In  full  accord- 
ance with  this  is  the  observation  of  M.  Brown*Sf'quard  ^  that  section  of  one 
opHc  nerve  causes  complete  amaurosis  of  the  opposite  eye,  whilst  an  antero- 
rwii^terior  section  of  tlie  chiasnia  produces  com[ilete  blindness  of  both  ey^. 
The  purpose  of  this  decussation  may  be,  to  bring  the  visual  i  in  previous, 
which  are  so  important  in  directing  the  movemeuLs  of  the  body,  into  proper 
harmony  with  the  motor  apparatus ;  so  that  the  decussation  of  the  motor 
fibres  in  the  pyramids  being  accompanied  by  a  decussation  of  the  optic 
nerves,  the  same  eflect  ia  produced  as  if  neither  decu^ated,  which  \mi  is  the 
case  with  Invertebrated  animals  in  general.  The  view  muintained  by  HaDo- 
over  recei%'^es  some  support  from  tht*  interczitiug  observation  of  Mr,  Towne, 
that  a  blending  of  two  colors  occurs  if  tlieir  images  are  simultaneousily  pre- 
sented to  the  inner  side  of  one  retina  and  the  outer  side  of  the  other  retina^ 
but  not  otherwise.* 

519.  The  functions  of  the  Audltwy  nerve,  or  Fmito  MollU  of  the  Tth,  are 
easily  determined,  by  anatomical  examination  of  its  distribution,  and  by 
observation  of  pathological  phenomena,  to  he  analogous  to  those  of  the  two 
preceding.  Atrophy  or  lesion  of  the  trunk  destroys  the  sense  of  Hearing; 
whilst  irritation  of  it  produces  auditory  sensations,  but  does  not  occasioo 
pain.  From  experiments  made  u|>on  the  nerve  before  it  leaves  fehe  cranial 
cavity^  it  appears  satisfactorily  ascertained  that  this  nerve  is  not  endowed 
either  with  common  sensibility  or  with  the  power  of  directly  stimulatiug 
muscular  movement.  Kor  can  any  obvious  reflex  actions  be  executed  by 
irritation  of  this  nerve;  but  it  seems  nevertheless  by  no  means  improbahlti, 
that  the  musules  which  regulate  the  tension  of  the  Tympanum  are  caHe<i 
into  action  by  impressions  maile  upon  it  and  reflected  thrtmgh  the  auditory 
ganglion,  in  the  same  manner  as  the  diameter  of  the  pupil  is  regulated 
through  the  optic  nerve.  In  the  involuntary  start,  however,  which  is  I'iQ^^- 
sioned  by  a  loud  and  sudden  «iound,  we  have  an  example  of  a  cuiiMmt^mil 
luoveujent  excited  through  the  Auditory  nerve,  which  is  evidently  analogoua 
to  the  eioHure  of  the  eyes  to  a  strong  light.  In  certain  morbidly  impressible 
states  of  the  nervous  eyatem,  as  will  be  pre^nily  shown  (§  533),  the  effect 
of  founds  on  the  motor  apparatui  ia  far  mc^  remarkable. — It  has  been 

I  Wion   Akfld.  Sit7.--b^r  ,  Bd.  xlii,  imi,  p   86. 

»  CVntralblfltt  f.  d.  Mi d.  WUb.,  1873,  No.  22. 

■  Archiv  f.  Ophlhnlmo!.,  Bd.  xix,  Ho^  Z  1873, 

*  Brown-S^quHrd,  Archive*  de  Pby*)aloiiio,  1872,  p.  26L 

'  For  flddSiioniil  fuels  tK^arlnt;  on  this  Fubj^ct^  J*ee  ibe  obgerTfltions  nf  Mr.  Towne, 
On  the  Sti*nH>fc-tpe  tmd  Stereusoopic  Hesulu,  in  Guy**  Hospital  Heport*  for  lt^(j2>  p» 
(I9t  sna  1863,  p.  103. 
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Rttempted  by  Flourens  to  show,  that  the  division  of  the  Auditory  nerve  whicli 
proceeds  to  the  Semicircular  canals,  has  functions  altogether  different  from 
that  portion  which  supplies  the  Vestibule  and  Cochlea.  This  inference, 
however,  is  grounded  only  upon  the  movements  exhibited  by  animals  in 
which  these  nerves  are  irritated;  which  movements  are  capable  of  a  different 
ezplanation  (§  526). 

o20.  The  nerves  which  minister  to  the  sense  of  Taste  are  destitute  of  the 
peculiarities  which  distinguish  the  preceding ;  being  no  other  than  certain 
braDches  of  ordinary  afferent  nerves — the  Fifth  Pair  and  Glosso-pharyngeal 
(§§  490-493) — the  peculiar  endowments  of  which  seem  to  depend  rather  upon 
the  structure  and  actions  of  the  papilla?  at  their  peripheral  extremities,  than 
apoD  anything  special  in  their  own  character ;  for,  as  in  the  case  of  the  ordi- 
nary nerves  of  "  common"  sensation,  mechanical  irritation  applied  to  them 
calls  forth  indications  of  pain. — From  the  observations  and  experiments  of 
M.  CI.  Bernard,^  it  appears  that  the  facial  nerve  Tportio  dura  of  the  7th) 
supplies  some  condition  requisite  for  the  sense  of  Taste,  through  the  branch 
known  as  the  Chorda  Tympani,  which  is  the  motor  nerve  of  the  Lingualis 
muscle  and  Submaxillary  gland  (§  105).  When  paralysis  of  the  Facial 
exists  in  Man,  the  sense  of  taste  is  very  much  impaired  on  the  corresjwnd- 
ing  side  of  the  tongue,  provided  that  the  cause  of  the  paralysis  be  seated 
above  the  origin  of  the  Chorda  Tympani  from  its  trunk.  Similar  results 
have  been  obtained  from  experiments  upon  other  animals.  The  effect  may 
possibly  be  attributable  to  the  secretion  of  Saliva  being  interfered  with. 

521.  Nerves  of  Common  Sensation. — To  the  sense  of  Touch  all  the  afferent 
nerves  of  the  body  (save  the  nerves  of  special  sense)  ap{)ear  to  minister ;  in 
virtue — according  to  the  doctrine  already  propounded  (§485) — of  the  direct 
oooneetion  of  certain  of  their  fibrils  with  the  Sensorium  commune.  But  the 
degree  in  which  they  are  capable  of  producing  Sensations  does  not  bear  any 
constant  relation  to  their  power  of  exciting  reflex  actions.  Thus,  the  Glosso- 
pharyngeal is  not  nearly  so  sejmtive  as  the  Fifth  pair ;  though  more  power- 
ful as  an  excitor  nerve.  The  Par  Vaguin  appears  to  have  even  less  power 
of  arousing  sensory  changes;  although  it  is  the  most  important  of  all  the 
exciters  to  reflex  action.  So  again,  the  afferent  nerves  of  the  inferior  ex- 
tremities, in  Man,  are  less  concerned  in  ministering  to  sensations,  than  are 
those  of  the  superior ;  and  yet  they  appear  to  be  much  more  efficient  a3  ex- 
citers to  muscular  movement. — These  difl^erences  may  be  accounted  for,  by 
supposing  that  the  proportion  which  the  fibres  having  their  centre  in  the 
ganglionic  matter  of  the  Spinal  Cord,  bears  to  that  of  the  fibres  which  pass 
on  to  the  Sensorium,  is  not  constant,  but  is  liable  to  variation  in  different 
nerves;  the  former  predominating  in  the  Par  Vagum  and  the  Glos.Mo-pharyn- 
geal,  whilst  the  latter  are  more  numerous  in  the  Fiflh  pair,  and  in  most  of 
the  Spinal  nerves. 

522.  Motor  Nerves. — No  motor  nerves  issue  from  the  Sensory  Ganglia 
with  the  same  directness  that  afferent  nerves  proceed  towards  them ;  but 
the  reflex  actions  of  these  centres  find  a  ready  channel  in  the  motor  nerves 
of  the  Cranio-spinal  axis  generally.  For,  as  we  have  seen  (§  518),  the 
motor  tract  of  the  Crura  Cerebri,  which  is  in  connection  with  the  motor 
Encephalic  nerves,  and  also  (through  the  vesicular  substance  of  the  Spinal 
Cord)  with  the  anterior  roots  of  the  Spinal  nerves,  passes  up  into  the  Cor- 
pora Striata  and  Corpora  Quadrigemina.  Although  the  direct  connection 
of  the  other  ganglia  of  Special  StMise  with  the  Motor  columns  is  at  present 
a  matter  of  presumption  only,  yet  this  presumption  is  strongly  supported 
by  the  analogy  of  the  Optic  ganglia  ;  the  distinctness  of  this  connection 


^  Archives  Gonerales  do  Mcdecino,  1844. 
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in  tht'lr  cage  hemg  easily  aecouotefl  for,  when  it  is  rcmerobered  in  how 
great  a  degree  the  general  movemeuta  of  the  bf>dy  are  guided  by  the  viKual 
fteii&e, 

523.  Functmns  of  the  Senmry  GaiipiiGL — We  have  now  to  consider  what 
dedviftioiis  may  be  drawn  with  reerard  to  the  functions  of  the  Sensory  Gan- 
glia in  Man,  i'rom  the  faetn  supplied  by  Comparative  Anatomy,  by  Kxfjefi- 
mental  inquiry,  ami  by  Pathological  phenomena.  The  determiiianou  iif 
thef?e  fanctioiisii  may  »eem  to  be  the  more  difficult,  as  it  is  im|>ossible  to 
make  any  satislactory  experimenU  upon  the  ganglionic  centres  in  question, 
by  isohitin^  them  completely  from  the  Cerebral  Hemii^pher^s*  above,  and 
from  the  MethiUa  Oblongata  and  Spinal  Cord  below.  But  the  evidence 
derived  from  Comparative  Anatomy  appears  to  Ih?  in  this  case  particularly 
clear;  and,  rightly  cmmidered,  afford=s  ua  nearly  all  the  information  we  re- 
quire. In  the  series  of  "  experinjeiits  prepared  for  ust  by  imtnre/*  which  is 
presented  to  ns  in  the  descending  scale  of  animal  life,  we  witness  the  cflect^ 
of  the  gradual  change  in  the  rt:lative  development  of  the  Sensory  Ganglia 
and  Cerebral  hemispheres,  which  are  presented  to  us  in  dei^cending  through 
the  Vertebrated  scale;  and  the  reRults  of  the  entire  withdrawal  of  the  latter, 
and  of  the  sole  operation  of  the  former,  which  are  exhibited  iu  the  higher 
Invertebmta  [see  §§  447,  450).^^ — Thus  we  are  led  by  the  very  cogent  evi- 
dence which  Comparative  Anatomy  supplies,  to  regard  this  series  ofCfangli- 
onic  centres  as  constituting  the  real  Sensorfttm;  each  ganglion  hnving  the 
power  of  rendering  the  Miod  conscious  of  the  impressions  derived  from  the 
organ  with  which  it  is  connected.  If  this  position  be  denied,  we  must  either 
refuse  the  attribute  of  consciousness  to  such  animals  a«j  possess  no  *  it  her  En* 
cephalic  centres  than  these;  or  we  must  believ^e  that  the  ndiikiQu  of  the 
Cerebral  hemispheres,  in  the  Vertebrated  i^ries,  aHf.r9  the  endowments  of 
the  Sensory  ganglia, — an  idea  which  is  contrary  to  all  analogy. 

524.  So  far  m  the  results  of  Experiments  can  be  relied  on,  they  afford  a 
corrohoriUion  of  this  view.  The  degree  iu  which  animnls  high  in  the  scale 
of  organ iinr ion  can  perform  the  functions  of  life,  without  any  other  centres 
of  aedon  ihau  the  Ganglia  of  Special  sense,  the  Medulla  Oblongata,  and 
the  Cerebellum,  appt^ars  extraordinary  to  those  who  are  accustomed  to 
regard  the  Cerclmil  Hemispheres  as  ihe  centre  of  all  energy.  From  the 
exjK'Hments  of  Floureus,^  Hertwig,*  Magendie,*  Longet,*  and  others,  it  ap- 
pears that  not  only  Reptiles,  but  Birtls  and  Mammals,  may  survive  for 
many  weeks  or  even  month*  Hf  their  physical  wants  be  duly  supplied)  after 
the  removal  of  the  entire  Cerebrum,  It  is  difficult  to  substantiate  the  ex- 
istenee  in  them  of  actual  »fnmtmn  ;  but  some  of  their  movemenis  appear  to 
be  of  a  higher  kind  than  thf^se  resulting  from  mere  exci to- motor  action. 
One  of  the  most  remarkabk;  phenomena  exhibited  by  such  a  being,  is  the 
power  of  maiutaiDing  its  equilibriiim,  which  could  scarcely  exkt  wilhoyt 


Mtfsi  w*»rthy  f*f  jij>f't*iHl  ncitkn*,  ihrtt  thp  devi'lopnipnt  of  the  C^^plialie  i^Hngltii  in 
the  Invortft-briitfl  filwtiVi  hpHrn  «n  oxiict  prnp*»rt(nn  to  tht»  dpvo1opm<*nt  of  tliotfi^ai; 
iKe  nr.!i»*r  nrgnns  (if  ^pi  ei*l  sen^ft  l>piTi^  etim|mrAlively  undiw«*loped  ;  whilat  lln^**,  in 
illt  th*?  hie*n*r  chpftoa  nt  l<*iiftt.  wre  instrtim"itu  of  (^reat  pnrfot'tion,  «nd  Hf«  fvideFitW 
connected  most  iTilinirtli^ly  wtrh  ihp  dirfK?ti<ta  of  the  mavemt^nt§  of  ihe  iinimnU,  Of 
this  fni't  w«*  hare  n  rHiruiVkHtilf  illti>irnlkin  in  ihe  hbtory  of  tliu  fni.-tiiitnifj*hiwis  of 
In&orU^  tluM^ye^  b*4rig  iilrnn^t  rudtciipnUry,  wnd  thn  Ci^plmlic  ^«ni»liji  riFnipmrKlivfly 
jimnll,  in  moM  Larvce;  wliil«.t  b.ith  Lhp*p  orgMn*  wttuin  u  hiich  dev*?lopm<*ni  in  ibd 
Inijign,  to  whi»»e  ac|i*jfi^  the  fiicuJty  of  eiiibt  is  I'Mrniial. 

^  Hc'fhi^rclx^  EMpenmi'ntAle!)  t-ur  \m  Pfoprrfde-i  t;t  led  Fonctioai  du  Syttime  Nftr* 
wux,  M  edit.,  1845. 

•  Exj»pr  de  pflft'ct.  l*^^lion.  in  pHPtthiift  Ent*epha|i,  B-^rol.,  1826. 

*  L(*^*ns  pur  \m  F**ntititin»  dn  Sysldni'*  N*-*rvmu,  pjirU,  18S9*  

'  Trmie  de  Phyaiologif',  turn*  ii^  punie  2,  1800|  p.  411, 
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eoDSciousness.  If  it  be  laid  upon  the  back,  it  rises  again ;  if  pushed,  it 
wmlks.  If  a  Bird  thus  mutilated  be  thrown  into  the  air,  it  flies ;  if  a  Frog 
be  toucheti,  it  leaps.  It  swallows  food  and  liquid,  when  they  are  placed  in 
its  mouth ;  and  the  digestive  operations,  the  acts  of  excretion,  etc.,  take 
place  as  usual.  In  the  case  of  a  Pigeon  experimented  on  by  Malacorps, 
which  is  recorded  by  Magendie,  there  appears  sufficient  proof  of  the  per- 
sistence of  a  certain  amount  of  sensation.  Although  the  animal  was  not 
afleeted  by  a  strong  li^ht  suddenly  made  to  fall  upon  its  eyes,  it  was  accus- 
tomed, when  confined  in  a  darkened  or  partially-illuminated  room,  to  seek 
out  the  light  parts ;  and  ii  avoided  objects  that  lay  in  its  way.  In  the  same 
manner,  it  did  not  seem  to  be  affected  by  sudden  noises;  but  at  night,  when 
it  slept  with  its  eyes  closed  and  its  head  under  its  wing,  it  would  raise  its 
head  in  a  remarkable  manner,  and  open  its  eyes,  on  the  slightest  noise ; 
speedily  relapsing  into  a  state  of  complete  unconsciousness.  Its  principal 
occupation  was  to  preen  its  feathers  and  scratch  itself.  And  Longct  men- 
tions that  a  Pigeon  from  which  he  had  removed  the  entire  Cerebrum,  gave 
many  indications  of  consciousness  of  light;  for  not  only  did  the  pupil  con- 
tract, but  the  lids  closed,  when  a  strong  light  was  suddenly  made  to  fall 
upon  the  eye,  the  animal  having  been  previously  kept  in  darkness ;  and 
wun  a  lighted  candle  was  made  to  move  in  a  circle  before  it,  the  animal  ex- 
eeuied  a  corresponding  movement  with  its  head} — The  condition  of  such 
hdngs  seems  to  resemble  that  of  a  Man,  who  is  in  a  slumber  sufficiently 
deep  to  lose  all  distinct  perception  of  external  objects,  but  who  is  yet  con- 
scious of  sensations f  as  appears  from  the  movements  occasioned  by  lights  or 
hj  sounds,  or  from  those  which  he  executes  to  withdraw  the  body  from  an 
nnessy  position. 

625.  The  results  of  other  experiments  made  upon  the  Sensory  ganglia 
themselves,  and  upon  the  organs  from  which  they  derive  their  impressions, 
oonfirm  this  view ;  by  showing  that  the  ordinary  movements  are  seriously 
perturbed,  and  that  in  some  instances  a  new  set  of  automatic  movements  is 
mduced,  when  the  normal  relations  between  the  sensoir  and  motor  appa- 
ratus are  disarranged.  Of  the  functions  of  the  ganglia  of  special  sense,  those 
of  the  Corpora  Qnadrigemina  are  the  chief  which  have  been  examined  ex- 
perimentally. The  researches  of  Flourens  and  Hertwig  have  shown,  that 
the  connection  of  these  bodies  with  the  visual  function,  which  might  be  in- 
ferred frc»m  their  anatomical  relations,  is  thus  substantiated.  Tiie  partial 
lens  of  the  ganglion  on  one  side  produces  partial  lo3s  of  power  and  temporary 
blindness  on  the  opposite  side  of  the  body,  without  necessarily  destroying 
the  mobility  of  the  pupil ;  but  the  removal  of  the  larger  portion,  or  complete 
extirpation  of  it,  occasions  permanent  blindness  and  immobility  of  the  pupil, 
with  temporary  muscular  weakness  on  the  opposite  side.  This  temporary 
disorder  of  the  muscular  system  sometimes  manifests  itself  in  a  tendency  to 
move  on  the  axis,  as  if  the  animal  were  giddy.  No  disturbance  of  conscious- 
nesB  appears  to  be  produced ;  and  Hertwig  states  that  he  never  witnessed 
the  convulsions,  which  Flourens  mentions  as  a  consequence  of  the  operation, 
and  which  were  probably  occasioned  by  his  incision  having  been  carried  too 
deeply.  As  Lcmget  has  justly  remarked,  it  is  difficult,  if  not  impossible,  to 
remove  one  or  both  of  these  ganglionic  masses,  without  doing  such  an  injury 
to  the  Crura  Cerebri  on  which  they  repose,  as  shall  in  great  degree  account 
for  such  disturbed  movements  (§  529).     Irritation  of  one  of  the  Tubercula 


'  It  must  not  be  forgjotton  that,  in  such  oxporiments,  the  severity  of  the  op'Tntion 
will  of  it^(•lf  occasion  u  su.^pension  or  disturbanco  of  the  functions  of  parts  that  re- 
main ;  Ml  that  the  lo9fi  of  a  power  must  not  i»e  at  unco  inferred  from  the  absence  of 
m  mnnife«>tati(»ns.  But  tha  persisfenre  of  a  power,  after  the  removal  of  a  particular 
organ,  is  a  clear  proof  that  it  cannot  be  the  peculiar  attribute  of  that  organ. 
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Quadrig^tnltia  haa  been  observed,  both  by  Ft  on  reus  and  Lon^et,  tn  prodae^ 
contract  ion  of  the  piJpila  of  bofh  eyes.  Euclge  has  corroboriiled  Flnurews'i 
state m€i)ti«,  adding  that  it  is  ouly  when  the  lesion  aflTects  the  inner  part  of 
the  corpora  quadrigemina,  that  paralyi^is  of  the  Iris  occurs,  aitd  that  this 
paralysis  is  on  the  side  opposite  lo  the  lesion*  Renzi  admits  there  is  tern- 
pom  ry ,  b  u  t  d  en  ies  t  here  is  per  m  an  e  n  1 1  OSS  n  f  con  t  ra  c  t  i  I  i  t  y  o  f  t  h  e  I  ri  3.  K  n  ol  P 
found  that  irritatian  of  the  anterior  pair  of  the  corpora  quadrigemina  raus^ed 
dilatation  of  both  pupils,  but  especially  of  that  of  the  same  side.  Lesions  of 
the  corpora  quadrigemina  were  withont  effect  on  the  iri^s  as  hmg  as  the  optic 
ttacta  were  untouched,  but  when  these  were  damaged  between  the  corpora 
quadrigendua  and  the  chiasma,  paralysis  of  the  opposite  iris  occurred,  while 
lesions  of  the  optic  nerve  on  the  distal  side  of  the  chia^tna  caused  paralysis 
of  the  iris  of  the  same  side,  showiug  that  the  fibres  of  the  optic  nerve  which 
excite  redectorially  the  iridal  branches  of  the  third  nerve,  undergo  complete 
decussation  in  the  ehiasraa.  Knoll  operating  on  Rabbits,  did  Dot  observe 
any  alteration  in  their  motility  after  injuries  inilicted  upon  the  corpora 
<|Uadrigemina. — The^e  results  of  es)>eriraents  are  partly  confirriied  by  Path- 
ological phenomena  in  Man  ;  for  there  are  many  instances  on  record,  in 
which  blindness  has  been  one  of  the  consequences  of  diseased  alterations  m 
one  or  both  tubercles;  and  in  some  of  the  cases  in  which  the  lesion  extended 
to  part^  seated  beneath  the  tubercles,  disturbed  movements  were  observed, — 
The  subservience  of  these  bodies  to  the  exercise  of  the  visual  sense,  appe&rSf 
on  the  whole,  to  be  the  point  best  established  in  regard  t«  their  functions^ 
and  considering  the  degree  in  which  this  sense  is  concerned  in  the  regula- 
tion of  the  general  movements  of  the  body,  it  is  not  surprising  that  lesioud 
o  f  i  tjs  cen  t  re  should  oe  easion  a  pe  r ve  rsi  o  n  of  t  h  ese  in  o  ve  m  c  n  t*i,  T  b  is  a  ppea  re 
the  more  probable  from  the  fact  that,  in  animals  whose  Sensory  ganglia 
bear  so  large  a  pro|>ortion  to  the  whole  Encephalon  that  we  must  lofik  upon 
them  as  the  principal  centres  of  motor  activity,  instead  of  being  chiefly  con- 
cenied  (as  in  Man)  in  the  mere  guidance  of  movements  whose  origin  is 
Cerebral,  lesions  of  the  organ  of  sense  from  which  the  impressions  that  ex- 
cite the  sensori-niotor  impulses  are  derived,  produce  a  corre^ ponding  dis- 
turhance*  Thus  Flourens  found  that  a  vertiginous  movement  may  be  in- 
duced in  Pigeons  by  simply  blinding  one  eye;  and  Louget  produc«sd  Hie 
same  eflect  by  evacuating  the  humors  of  the  eye* 

526.  It  is  probably  on  the  same  pi-iuciple,  that  we  are  to  account  for  the 
remarkable  results  obtained  by  Flourens'  from  section  of  the  jM>rtion  of  the 
Auditory  nerve  proceeding  to  the  Semicircular  canalj*.  Section  of  the  hori- 
zontal semicircular  eanal  iu  Pigeons,  on  both  sides,  induces  a  rapid  jerking 
borixontal  movement  of  the  head,  from  side  to  side;  and  a  tendency  to  turn 
to  one  side  which  manifests  itself  whenever  the  animal  attempts  to  walk  for- 
wards. Section  f»f  a  vertical  canal,  whether  tlie  superior  or  inferior,  of  both 
sides,  is  followed  by  a  violent  vertical  movement  of  the  head.  And  section 
of  the  horizontal  and  vertical  cjiuals,  at  the  same  time,  caufi«ii  hunzoiktal 
and  vertical  movements.  Section  of  either  canal  on  one  aide  only,  is 
followed  by  the  same  effect  aa  when  the  canal  is  divided  on  both  ftldes;  bui 
this  is  inferior  in  intensity.  The  movements  continue  to  bo  porforin<*d 
during  several  months,  but  cease  immediately  if  the  thalami  <jptici  he  re- 
moved (Loweuherg).  In  Rabbits,  section  of  the  horizontal  canal  is  follf>wod 
by  the  same  movements  as  are  exhibited  by  Pigeons;  and  they  are  even 
more  constiint  though  less  violent     Section'  of  the  anterior  vertical  canal 


i  CentrHibkil  f  d.  Mod,  Wm.,  IBT2,  p,  2*)6 

^  Op,  v\L    Soi*  hIjso  BotU'ber,  Centnvll>tKU  f  d   Med,  Wws.,  1873|  p.  72;  ftnd  LSwan^ 
birg,  idem,  p.  2T8;  Waldeytr^  idem,  1872,  p,  3S5, 
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e  animal  to  make  continued  forward  **  somersets :  **  whilst  section  of 
paiierior  vertical  canal  occasions  continued  backward  "somersets/'  The 
•iuovemeots  cease  when  ibe  animal  is  in  repose ;  and  they  recoraraeiice  when 
it  begins  to  move,  increasing  in  violence  as  its  motion  is  more  rapid,— These 
jcurious  results  are  supposed  by  SI.  Floureus  to  indicate^  that  the  nerve  sup- 
|jlying  the  seraicircuJar  canals  does  not  minister  to  the  sense  of  hearing,  but 
to  the  direction  of  the  movements  of  the  animal ;  whilst  M.  Cyon*  refers 
iheni  to  the  circumstance  that  in  order  that  an  animal  should  preserve  ita 
©tjuilihrium,  it  should  have  a  correct  idea  of  the  position  of  ita  own  head, 
Und  that  the  semicircular  canals  supply  this  information  in  consetjuence  of 
iach  canal  having  a  definite  n:?]ation  to  space.  But  they  are  more  rationally 
teplaiued  upon  the  sup^wi^Hition,  that  the  normal  functions  of  the  semicircular 
©anals  is  to  indicate  to  the  animal  the  direction  of  sounds,  and  that  its  move- 
ments are  partly  determined  by  these ;  so  that  a  destruction  of  one  or  other 
"^f  them  will  produce  an  irregnlarity  of  movement  (resulting,  as  it  would 
teem,  from  a  sort  of  giddiness  on  the  part  of  the  animal),  just  as  when  one 
&f  the  eyes  of  a  bird  i^  covered  or  destroyed,  as  in  the  eacperiments  previ- 
©uslv  citt^d.  Golt^/  however,  has  recently  maintained  that  the  jiosition 
l>f  the  head  h  judged  of  by  the  animal  from  the  prc^ure  exerted  by  the 
endolymph  on  one  side  or  the  other  of  the  semicircular  canak;  and  that 
when  the  endolymph  has  escaped  by  section  of  the  canals,  neither  the  eye 
a&or  the  muiictjlar  ^ense  can  supply  the  deficiency — the  movements  of  the 
btxly  are  on  this  view  secondary,  and  are  due  to  the  inability  of  the  animal 
lo  judge  of  its  relation  to  surrounding  objects  from  the  position  of  iU  head  ; 
pn  the  <>ther  hand,  according  to  Cjon,^  a  defiaite  perception  of  the  position 
pf  the  head  is  necessary  to  the  maintenance  of  equilibrium  ;  aud  this  per- 
ception has  its  origin  in  the  semicircular  canals,  each  canal  having  a  cer* 
lain  determinate  relation  to  certain  grades  of  position.  The  derangement 
bf  motion  consequent  upon  division  of  the  semicircular  canals,  Cyon  classi- 
fies under  three  heads :  L  Derangements  of  equilibrium,  as  a  direct  result 
pf  the  injury.  2.  Violent  movements,  resulting  from  the  irritation  Cfm se- 
quent on  the  abnormal  sense  of  hearing  intluced  thereby.  3.  Consecutive 
ly mptoras,  occurring  some  days  after  the  operation,  from  the  resulting  in- 
(ammation  of  the  cerebellum. 

527.  The  numerous  experiments  which  have  been  made  for  the  purpose  of 
determining  the  functions  of  the  Thalami  Optici  aud  Corpora  Striata ^  have 
Hot  yielded  any  very  satisfactory  results;  and  this  on  account  of  the  impos- 
jlibilit}^  of  completely  isolating  them  in  such  a  manner  as  to  limit  the  opera- 
tion (whether  this  be  section ^  removal,  or  irritation)  to  them  alone.  Thus 
ft  is  impossible  to  remove  them,  either  separately  or  conjointly,  without  first 
[lemoving  the  Cerebral  Hemispheres;  aud  the  Thalami  cannot  he  entirely 
removerl,  without  dividing  the  stratum  of  fibres  which  traven^e  their  deeper 
portion  in  their  passage  to  the  Corpora  Striata.  The  Thalami  Optici  have 
not  that  relation  to  the  visual  sense  which  their  designation  would  imply; 
ibr  (according  to  the  affirmation  of  Longet),  they  may  be  completely  de* 
itroye*!  in  Mammals  and  Birds,  without  destruction  of  sight  or  loss  of  the 
ftetivity  of  the  pupil.  And  irritation  of  one  or  both  of  them  produces  no 
contraction  of  the  pupil.  It  seems  probable,  therefore,  that  the  loss  of 
iight  with  dilatation  and  immobility  of  the  pupil,  which  is  frequently  ob- 
!ierved  in  cases  of  apoplectic  effusions  into  the  substance  of  the  Thalami,  is 
feally  due  to  the  compression  of  the  Optic  nerves  which  lie  beneath  them* 
These  bodies  apj>ear,  however,  to  possess  a  very  decided  influence  on  the 


1  Pfltlger^s  Arehiv,  Bd.  viii,  p.  326.  *  Ibid.,  Bd.  iii,  1 870,  p.  172. 

>  Bee  alio  Abstract,  £ii»pp'fi  Archivi^  of  Ophth.  nnd  OtoL,  1874,  p.  137. 
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power  of  voluntary  moveineut;  for  allhouph  an  animal  maintains  its  bal- 
ance, and  can  be  made  to  move  onwards,  after  the  removal  of  the  Cerebral 
Hemispheres,  and  even  after  the  removal  uf  the  Corpora  Striata,  yet  if 
either  of  tho  Tbalami  Optici  be  removed,  the  senssibility  and  power  of  vol- 
Uiitary  movement  are  destroyed  on  the  opptmte  side  of  the  body,  and  the 
animal  consequently  falls  over  to  that  side  (Longel).  If,  instead  of  the 
entire  removal  of  one  of  the  Thalami,  an  incision  be  made  in  it  without  the 
previous  remaval  of  the  Cerebrum,  the  animal  keeps  turning  to  one  side  in  a 
c  i  rcu  1  a  r  manner  (em  In  (to  n  du  m  a  n  Ige) :  a  e  co  rd  i  rj  g  to  Lo  n  ge  t  an  d  Lafa  rg  ue , 
this  movement  is  directed  in  the  rabbit  towards  the  opposite  side ;  whilst 
Flourens  states  that  in  the  frog  its  direction  is  towards  the  injured  wide; 
and  according  to  Schifl*^  the  destructitm  of  the  three  anterior  fourths  of  tliis 
organ  in  the  rabbit  detennincs  this  movement  towards  the  injured  side, 
whilst  that  of  the  pORterior  fourth  determines  the  movement  towards  the  op- 
pfisite  side,  Brown-S^quard  attributes  the  rolling  movements  in  many  of  | 
thei^e  cases  to  certain  muscles  being  in  a  state  of  spai-m,  in  other  inatanc^  to 
vertigo,  Uo  mechanical  irritation  of  the  Thalami  prodnees  either  s'tgns  of  | 
pain  or  nmscidar  movement^  and  this  fact  might  at  first  appear  to  negative 
the  doci riue  that  these  organs  are  the  ganglia  of  common  ijenstttion.'  But 
it  must  be  borne  in  mind  that  the  pnjduction  of  pain  by  mechauiVal  injuries  is 
by  no  means  a  ouiversal  phenomenon  in  the  case  of  the  nerve-fruH^v*  which 
nnnister  to  sensation, — the  olfaclive,  optic,  and  auditory  nerves  being  ex- 
empted ;  and  it  need  occasion  still  less  surprise,  therefore,  that  a  nervous 
Ci^ntre  should  be  destitute  of  this  kind  of  impressibility,  which  we  have  seea 
to  be  wanting  al^o  in  the  Spinal  Cord. 

528.  The  effects  of  lesion.*  of  the  Corpora  Striata  are  leas  diglinctly  marked. 
It  was  affirmed  by  Magendie  that  there  exists  in  them  a  motor  power  which 
excites  backward  movement,  and  that  a  corresponding  power  of  exciting 
Jortmrd  movement  exists  in  the  Cerebellum ;  that  these  two  ptjwcrs  ordi- 
narily balance  one  another;  but  that  if  either  organ  be  removed,  the  power 
of  the  (jther  will  occasion  a  continual  automatic  movement,  the  removal  of 
the  t*orj>orn  Striata  causing  an  irresistible  tt^ndeney  to  forward  progression, 
whilst  the  division  of  the  peduncles  of  the  Cerebellum  (according  to  him) 
occasions  the  reverse  movement.  These  assertions,  however,  have  not  been 
confirmed  by  other  experimenters.  According  to  Longet,*  8chiff/  and  La- 
fargue,^  the  results  of  removal  of  the  Corpora  Striata  with  the  anterior  jmrt 
of  the  Cerebral  hemispheres,  are  for  the  most  part  negative  ;  for  the  anitual  ^ 
usually  remains  in  a  state  of  profound  stajM>r,  although  iiill  retain inLr  the  ^1 
erect  position  ;  and  it  is  only  when  irritated  hy  pinching  or  pricking,  tbat  ic  ^^ 
will  execute  any  rapid  movements.  No  mechnnical  irritiition  of  the  Oirjiora 
Striata  produces  either  signs  of  pain  or  muscnhir  movement.  Burdon-San*  i 
derson"  has  shown  that  by  direct  irritation  of  the  Corpus  Striatum,  move-  ^| 
ments  of  the  muscles  of  the  opposite  side  can  be  produced,  and  that  there  is  ^^ 
a  certain  correspondence  in  the  groups  of  muscles  that  can  thus  be  called 
into  play,  and  those  that  are  excited  by  irritation  of  definite  regions  of  the 
intact  cerebral  hemispheres:  on  irritating  the  deepest  part  of  the  Corpus 

1  Ro^^f  iinJ  Wwnderlk'h'R  ArcKiv  tur  PbyRitil.  Ilt^ilkDndp,  184<i,  I  Ml. 

*  Nmhtijigi'i  (Ct?ntrnli>lntt.  ,  1874.  p  677)  in  n  r**fptit  fisipcr  stiito*  Ihiit  frflm  tiiirn^r- 
o»!*  experiment*  nn  Hubhil^  hr-  hvk^  ^vLiU^^*A  himself — 1.  Thiit  Ih**  oy^X'w  tbnliimi  U»v*i 
ndlhiiig  to  do  with  tlie  iimt*rvnii(»r»  of  voluntiiry  niovomoiiU.  2  Thul  wft^r  their  *^i- 
tlrpntiriTi,  no  difturijanrc  «TcutMni^*ms  si^n^ibtlity  mo  hv  dcmonBtrnt^d.  And  8.  Tlmt 
they  nppi'dr  to  have  a  d^Bnite  rntHlinn  to  the  rausL'uliir  ?i«?ns© 

*  Op:  cit.  *  I>'  vi  nrolnriil  hiiiieijfl  Entt^phnli,  Bm-kenhpftiii,  1M6. 

*  EssMj  Pur  la  Yiilpur  de»  iHrtJCfllis-tttitjus  Encephiiliquee^etc,,  Tivesie  Intojg.,  Purif » 1%X^ 

*  CantrMlblalt,  1^7*,  p.  613. 
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■^trmtiim,  the  animal  opened  its  mouih,  ftnd  alternately  thrust  out  and  re- 
tracted the  tongue/ 

520,  AVhen  the  fibrous  tracts  which  connect  these  ganglionic  masacs  with 
the  Medulla  Oblongata,  and  which  are  commonly  (but  erroneously ^  de^ig* 
Dated  as  the  Crura  Cerebri^  are  completely  divided,  the  result,  a^  might  be 
anticipated,  is  the  annihilation  of  sensibility  and  of  the  power  of  voluumry 
moveiHent  in  the  bt>dy  generally.'  When^  however,  the  Crura  Cerebri  of  a 
rabbit  are  not  completely  divided,  but  one  of  them  is  partially  cut  through 
&  little  in  front  of  the  Pons  Varolii,  the  animal  is  said  by  Lougetand  Schiff 
to  exhibit  a  constant  tendency  to  turn  towards  the  side  oppof*ite  to  that  of 
the  lesion,  m  that  it  peribrms  the  eircular  loofatton  da  mafuge  ;  the  diameter 
of  its  circle  of  movement  being  smaller;  in  proportion  as  the  incision  ap- 
proftches  the  edge  of  the  Pons,  But  if  one  of  the  Crura  be  completely 
divided,  the  aniraal  then  falls  over  on  the  opposite  side;  the  limbs  of  that 
side  being  paralyzed  to  the  influence  of  the  Encephalic  centres,  though  they 
may  be  still  caused  to  exhibit  reflex  motiona.  Hence  it  appears  that  the 
circular  movements  which  are  performed  after  incomplete  ki^ions  of  the 
Crus  Cerebri  and  Thalamus  Opticus  of  either  side,  are  due  to  the  weakening 
of  the  sensori- motor  apparatus  of  the  oppodite  side,  whereby  the  balance  of 
the  muscular  actions  of  the  two  sides  is  destroyed.  Nearly  the  same  results 
have  been  obtained  on  this  point  by  Longet,  Lafargue,  and  Schiif.  Afana- 
aieff*  found  that  in  the  course  of  two  or  three  weeks  an  animal  iu  which  one 
of  the  cerebral  peduncles  had  been  divided,  was  able  to  run  straight  forward. 
The  section  causes  complete  paralysis  of  the  oculo-motorius  on  the  same 
side,  and  imperfect  paralysis  of  the  facial  nerve  on  the  opposite  side.  It 
also  produces  diminished  sensibility  of  the  body  and  head,  and  contraction 
of  the  arteries,  which  lasts  for  10  or  15  days,  and  is  more  marked  iu  the  eiir 
of  the  same  side*  At  the  moment  of  section  the  blood -pressure  is  increased, 
and  the  pulse  slowed,  and  in  half  an  hour  the  temperature  of  the  body  talk 
3*  F,  Division  (?f  both  peduncles  destroys  the  power  of  voluntarily  re- 
laxing or  constncting  the  sphincter  anip  as  well  m  of  relaxing  the  constrictor 
urethrse. 

530.  Considerable  importance  is  attached  by  some  Physiologists  to  the 
part  of  the  Encephalon  known  a^g  the  Tuhei*  Annulure,  to  which  the  name  of 
^i&fof'ephale  hm  also  been  given.  This  is  not  altogether  synonymous  with 
the  Pons  Vftmlii,  as  some  Anatomists  have  represented  it ;  for,  while  the 
latter  consists  of  transverse  fibres  which  form  the  commissure  between  the 
hemispheres  of  the  Cerebellum,  surrounding  and  passing  between  the  longi- 
tudinal fibres  of  the  Sensory  and  Motor  tracts  which  constitute  the  Crura 
Cerebri,  the  Tuber  Annulare  (which  exists  in  animals  whose  Cerebellum 
has  no  hemispheres)  is  a  projection  from  the  surface  of  the  proper  Medulla 
Oblongata,  contain iug  a  considerable  nucleus  of  vesicular  matter.  M. 
Browu-SI*quard *  has  drown  the  following  conelusious  respecting  the  func- 
tiona  of  this  part  of  the  Encephalon,  eh iefly  based  on  pathological  evidence: 
—1.  That  the  restiform  bodies  and  their  prolongations  into  the  Pons,  and 

'  HiUdg  (Centrtlblntt,  1874,  p.  548)  critid^Bi  Br.  SRnder^oa'i  statements. 

•  ll  U  conoid er^  by  Longf  t  thut  tliuse  futictionfi  ar*!  not  complHdy  deiiroyt-d,  be- 
cnu^  the  aniinLila  on  whom  tlii*  opynitinn  hua  been  fierfrirmed  siMI  retuhi  somn  powrr 
of  niovenifnt^  And  respond  bj  cries  U>  impre»s(onij  tb»t  ordinttrtiy  produce  ]i«in* 
THwre  ia  no  [»rcM>f,  lifiwcver,  that  sucb  actiohji  ure  other  than  *' Pi<:ild-mrtt^*r  \'^  ih**y 
c*Hnifily  f  fin  not  in  thpmselvcw  he  nd  milted  ns  pruvlng  the  perBklence  of  con9(!ii»u«- 
ne*f  in  ihe  lower  s*»^ment  of  the  Ccrebro-Spintil  wxifl.  (Scm?  orown'Sequurd^  Centnil 
NerT*»U8  Splen>,  l&tJU,  p.  225;    and  Scbroeder  v.  d.   Kolk,  3yd.  Boc.  Tr*at,i  18u9, 

p,  n,) 
»  Wien.  Med.  W<x:heiii.,  pp.  187,  153,  169,  and  185. 

*  Journ.  do  Ijv  rhyaroi,,  vol.  i,  p*  7^*2  ;  toL  li,  p.  I2K 
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into  the  Cerebellum,  are  not,  as?  has  been  supposed,  the  confUictoi^  of  sen 
ini previous.  2.  That  whilst  hyper^estbesia  tR'Curs  on  the  same  side  of 
body  when  the  Spinal  Cord  is  injured,  ef?j>edally  in  its  posterior  part,  it  ap- 
pears on  the  opposite  side  of  the  body  when  a  .section  is  made  either  of  the 
anterior  or  posterior  surface  of  the  Pons  ;  and  this  he  believes  to  favor  his 
view  of  the  decussation  of  the  sensory  fibres  in  the  Cord,  and  to  be  opjHK^ed 
to  the  old  view  of  the  decussation  of  these  fibres  below  tl»e  Tubercula  Quad^ 
rigeraina,  or  in  the  substance  of  the  Pons  itself,  3.  The  transmission  of 
sensory  impressions  in  the  Poos  appeai-s  to  be  chiefly  effected  by  its  central 
portion,  whilst  the  anterior  portion  is  chiefly  instrumental  in  the  conduction 
of  the  mandates  of  the  Will  to  the  Muscles.  The  experiments  of  Longet 
led  him  to  the  conclusion,  that  the  Tuber  Annulare,  the  structure  of  which 
is  very  complicated,  ia  an  independent  centre  of  sensation  and   of  motor 

Cow^er;  but  they  do  not  afford  any  clear  information  as  to  its  special  attri- 
utes.  He  states,  however,  that  convulsive  movements  are  excited  by  irri- 
tating itt  and  especially  by  the  transmisaiou  of  an  electric  current  through 
its  suhs^tjince.  These  movements,  however,  according  to  the  testimony  of 
Dr*  Todd,  appear  to  be  of  a  different  character  frcmi  those  which  are  exeited 
by  the  application  of  the  !^ame  stimulus  to  the  Spinal  C-ord  and  Medulla 
Obhjngafa;  tor  he  states  that  while  the  convulsions  excited  by  the  truns^inis- 
sioii  (tf  the  current  of  the  magneto-electric  machine  through  the  parts  ju^t 
named,  are  tetauiCj  the  muscles  being  thrown  into  a  state  of  JiAed  con  trac- 
tion,— those  which  ensue  when  the  current  ia  transmitted  thn>ugh  the  region 
of  the  Mej^ocephale  and  Corpora  Quadrigemina,  are  epileptic^  being  com- 
bined movements  of  ttitermife  eontractirm  and  relaxation,  flexion  and  estten- 
sion,  iittecting  the  muscles  of  all  the  limbs,  of  the  trunk,  and  of  the  eyes, 
which  roll  about  just  as  in  epilepi^y.- 

5;iL  The  evidence  afforded  by  Pathology  regarding  the  functions  of  the^e 
Ganglionic  ma^e.^is  not  altogether  self-consistent ;  but  this  arises,  pn>bablyj 
from  the  circumstance  that  the  effects  of  morbid  changes  (particulArly  of 
sanguineous  effusions)  in  any  part  of  the  Eneephalon,  extend  ibf-m^ielves  to 
other  parts  than  those  in  wliich  the  obvious  legions  are  found ;  as  is  abundauily 
proved  by  the  great  variety  of  phenomena  w^hich  present  thcmselvej^  lu  the 
I'e^ultij  of  lesions  apparently  similar,  and  by  the  similarity  of  the  pbenontena 
that  are  freriuentlv  consequent  upon  lesions  of  very  different  parts.  It  ist  e?r 
tablished  by  abundant  evidence  that  disease  of  the  Corpora  Striata,  or  Tlmlami 
Optici^  or  h^emorrbaee  into  these  bodies  produces  hemiplegia,  or  parHly^^i*  of  ] 
the  opposite  side.  This  paralysis,  however,  is  not  uniform,  but  affecii?  ohirfly 
the  arm  arid  leg,  and  in  a  less  degree  the  face,  whilst  sensation  is  u.<nally  only 
slightly  atlected,  or  escapes  altogether.  An  ingenious  attempt  has  bi^eti  made 
by  Dr.  Broad  bent'  to  explain  the  phenomena  observed  in  the^^e  case«.  He 
observes  that  the  relative  situation  of  tho  two  ganglia  (CJtjrpust^trialum  and 
Optic  Thalamus)  will  in  some  measure  account  for  the  cirenm.Htanc*^  that 
sensation  so  frequently  escapes  when  motor  power  is  lost;  since  the  Corpus 
Striatum — the  motor  ganglion — is  in  front  of  and  external  to  the  Thalamus, 
and  may  therefore  easily  be  extensively  damaged  without  involving  the  hitler, 
or  the  fibres  passing  from  it  to  the  Cord.  The  Thalamus — the  sensory  ganglion 
— on  the  other  hand,  lying  behind  the  Corpus  Striatum,  and  upon  the  fibrei 
connecting  it  with  the  Cord,  cun  scarcely  be  seriously  affected  without  injury 
to  the^e  fibres  or  the  Corpus  Striatum  itself.  Again,  the  Optic  Thalamus, 
according  to  bypothesist  standing  with  respect  to  the  Corpus  Striatum  in  the 


1  Lumleinn  Lecturen,  On  th«  Pathology  &&d  TreAlmcQi  of  Convukive  Dl8«u«ip  ia 
MedicHlGszette,  Mhj  llih,  1849. 
*  A/ed.-Chir.  Kov.,  Aprir,  ISfifi, 
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Ttlatiou  of  a  sensory  to  a  motor  nerve-nucleu?,  it  would  almost  Ibllow  tbat 
severe  injury  to  the  former  would  paralyze  the  latter  by  inhibitory  iDfluericet 
even  when  the  injury  was  confined  to  the  Thalamus,  and  did  not  reach  the 
Corp  us  S  t  ri  a  i  u  m  d  i  re  c  t  ly  or  i  n  d  i  rec  t  ly .  La^stl  y  ^  t  Ji  e  ex  peri  in  en  U  oi  M .  B  ro  wn- 
S^quard  may  be  referred  to,  as  showing  that  in  the  case  of  the  Spinal  Cord, 
a  very  much  more  complete  destruction  of  the  gray  matter  is  ^equiE^ite  to 
destroy  ^en,«atiou  entirely  than  is  requiiiiite  for  the  abolition  of  the  power  of 
motion,  Dr_  Broad  bent  considers  that  the  partial  character  of  the  paralysis 
may  further  be  referred  to  the  mode  of  fnnctionat  activity  of  the  mudclea 
affected  as  compared  with  those  which  escape,  and  believes  it  may  be  shown 
that  where  the  muscles  of  the  corresponding  parts  on  opposite  sidts  of  the 
bodv  constantly  act  in  concert,  and  seldom  if  ever  independentiyj  the  nerve 
uuciei  of  these  muscles  are  so  connected  by  commissunil  fibres  as  to  be  pro 
iaHto  a  single  nucleus.  This  combined  nucleus  will  have  a  set  of  fibres  j'rora 
each  Corpus  Stnatum,and  will  usually  be  called  into  action  by  both  ;  but  it 
will  also  W  capable  of  being  excited  by  either  singly,  though  more  or  leas 
completely  acconliug  as  the  commisriural  connection  between  the  two  halves 
h  more  or  les»  peH'ect.  In  support  of  this  statement,  it  may  be  obiter ved 
that  those  muscles  which  are  commonly  associated  in  ibeir  movemente  like 
the  ocular  musscles,  are  not  jmralyzed  ;  ihiw?€  of  the  cbeek,  on  the  other  hand, 
exhibit  a  degree  of  indeiieadenee  of  action,  and  are  slightly  paralysed  ;  and 
lastly,  the  muscles  of  the  arm  and  leg,  which  are  almost  completely  indc- 
pendeut  in  their  action,  are  most  severely  affected.  It  is  found  also  that  in 
unilateral  convulsion  or  spasm,  the  movements  are  biluterul  in  those  parts 
which  escape  paralysis  in  Hemiplegia — *.  e.,  the  combined  nucleus  transmits 
the  irregular  one-sided  impulse  aloug  the  nerves  of  both  sides, 

532,  in  employing  the  information  derived  from  the  foregoing  sources,  aa 
a  guide  in  the  iuijuiry  into  the  part  pertbrmed  by  the  Sensory  Ganglia  in  the 
ordinary  operations  of  the  Cerebro-8pinal  system,  we  have  to  distinguish,  as 
in  the  case  of  the  Spinal  Cord,  between  their  operation  as  independent  centres, 
and  their  action  in  subservience  to  the  Cerebrum,  which  is  superposed  upon 
them, — We  have  seen  reason  to  conclude  that,  in  their  former  capacity,  they 
are  to  be  regarded  as  the  true  seat  of  tSenaatlon  {i.  c,  the  material  instruments 
through  which  the  consciousness  becomes  afiected  by  external  impressions)^ 
and  as  the  instrument,  in  virtue  of  their  own  '*refles^"  jK>wer,  of  that  class 
of  Instinctive  or  Automatic  movements,  which  require  to  be  prompted  and 
guided  by  sensations,  and  which  cannot,  therefore,  be  referred  to  the  excito- 
motor  group.  But  although  it  is  sufficiently  obvious  that  such  movements 
constitute  the  highest  manifestations  of  Animal  life  in  the  Invertebmta  gener- 
ally, and  tjiat  they  are  but  little  modified  by  any  higher  principle  of  action 
even  in  the  lower  Vertebmta,  yet  it  m  no  less  obvious  that  in  adult  Man,  in 
whom  the  Intelligence  and  Will  are  fully  developed,  we  have  comparatively 
little  evidence  of  this  independent  reflex  action  of  the  Sensory  Ganglia:  ail 
those  automatic  actions  which  are  immfdiuiebj  necessary  for  the  maintenance 
of  his  Organic  life,  being  provided  tor  hy  the  excito- motor  portion  of  the  ap- 
paratus, so  that  althougii  sensation  ordinarily  accompanies  most  of  them,  it 
is  not  essential  to  them ;  whilst  those  which  are  necessary  to  provide  more 
refnokf^  for  its  re(|uiremenu«,  are  for  the  most  part  com  mi  ttml  to  the  guidance 
of  bis  Reason.  For  the  impressions  which  have  been  brought  by  the  aiferent 
nerves  to  his  Sensoriura^  and  which  have  there  produce<l  sensations,  do  not 
in  general  react  at  once  upon  the  motor  ap|mratns  (aa  they  do  in  those  ani- 
mals in  which  the  Sensory  Gai*glia  are  the  higJieM  of  the  nervous  centres), 
but  usually  transmit  their  infiuence  upwaixls  to  the  Cerebrum,  thnjugh  whose 
instruiuentality  tliey  give  rise  to  ideas  and  reasoning  processes,  which  operate 
upos  the  motor  apparatus  either  emotionally  or  volitionally.    And  it  is  for 
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the  most  part  ooly  wben  this  upward  tninsmission  is  checked,  either  hy  the 
non*develapoieQt  or  the  fuuctioDal  inactivity  of  the  Cerebrum,  or  by  its  com- 
ple!e  occupation  in  some  other  train  of  action,*— or,  on  tlie  other  hand,  when  the 
reflex  action  of  the  Sensory  ganglia  is  called  into  play  with  uQustml  potency, — 
that  we  have  any  m an ifesta lions  of  the  semori-rnotor  or  eoiaenMual  tnude  of 
operation  in  Man,  that  are  at  all  comparable  in  variety  or  importance  to 
those  instinctive  acts  which  are  so  remarkable  in  the  lower  animals  (5  446). 
533*  Still,  sufficient  evidence  of  the  existence  of  this  clais  of  reflex  move- 
ments may  be  drawn  from  observation  of  the  actions  of  Muu  in  his  ordinary 
condition ;  examples  of  it  being  furnished  (as  we  have  seen)  by  the  eWnre 
of  the  eyes  to  a  dazzling  lights  the  start  caused  by  a  lond  and  unexpected 
sound,  and  the  sneezing  excited  by  sensory  impressions  on  the  Bebneiderian 
membrane  or  on  the  Retina,  To  these  may  be  added  the  vomiting  produi^d 
by  various  sensory  impressions,  as  a  sight  of  a  loathsome  object,  a  disagreeable 
smell,  a  nauseous  taste,  or  that  peculiar  feeling  of  want  of  support  which  gives 
rise  to  **  sea -sickness,"  especially  when  combined  with  the  sight  of  continually 
shifting  tines  and  surfaces,  which  itself  in  many  individuals  disposes  to  the 
same  state;  the  involuntiiry  laughter  which  is  excited  by  tickling,  and  al^ 
that  which  sometimes  bursts  forth  ut  the  provocation  of  some  sight  or  sound 
to  which  no  ludicrous  Idea  or  emotion  can  be  attached ;  the  yawuing  wl»ich 
is  excited  by  an  internal  sensation  of  uneasiness  (usually  arising  Irom  de- 
ficient respimtion),  or  by  the  sight  or  sound  of  the  act  as  peribrmed  by 
another  ;  and  those  involuntary  movements  of  the  body  and  limbs,  excited 
by  unea^ty  isensations  (probably  muscular),  which  are  commonly  designated 
m  "the  fidgets/'  When  the  reflex  activity  of  the  Sensory  ganglia  ii?  more 
strcingiy  excited,  in  consequence  either  of  an  unusual  potency  of  the  sensory 
impressions,  or  of  an  unusual  excitability  of  this  part  of  the  nervous  centres, 
a  much  greater  variety  of  sensori'motor  actions  is  witnessed.  The  powerful 
involuntary  contraction  of  the  orbicularis  and  of  the  muscles  which  roll  the 
eyeball  upwards  and  inwards,  in  cases  of  excessive  irritability  of  the  retina 
(§  517 ),  is  one  of  the  best  examples  of  this  kind ;  but  another  very  cnrioui 
illustration  is  afforded  by  the  involuntary  abridgment  of  the  excitt»*motar 
actions  of  respiration,  when  the  |>erformance  of  these  is  attended  with  paio,^ — 
the  dependence  of  this  abridgment  upon  the  direct  stimulus  of  sensation, 
rather  than  upon  voluntary  r^^traint,  being  obvious  from  the  fact  that  it 
often  presents  itself  on  mie  side  only;  a  limitation  which  the  Will  cannot 
imitate^  Again ^  there  are  certain  Convulsive  disorders  which  appear  to  de- 
pend upon  an  undue  excitability  of  these  centres,  the  paroxysms  being  ex- 
cited by  impressions  which  act  thi-ough  the  organs  of  sense,  and  are  not  thus 
operative  unless  the  patient  be  conscious  of  them ;  thus  in  Hydrophobia,  we 
observe  the  immediate  influence  of  the  sight,  sound,  or  conUct,  uf  Hquiday 
or  of  the  slightest  currents  of  air,  in  exciting  muscular  contraction?*;  imd  in 
many  Hysteric  guhjects,  the  sight  of  a  paroxysm  in  another  individual  i»  the 
most  certain  means  of  it^^  induction  in  themselves,  A  remarkable  Okie  of 
this  general  exaltation  of  purely  sensorial  excitability  has  been  recorded 
by  Dr,  Cowan,  who  gives  the  following  account  of  ita  phenomena,  which  eaa 
scarcely  be  referred  to  any  other  than  this  category.  "  The  shadow  of  a 
bird  crossing  ilie  window,  though  the  blind  and  bed-curtains  are  clos^,  the 
displacement  of  the  smallci^t  portion  of  the  wick  of  a  candle,  the  slightert 
change  in  the  firelight,  induce  a  sudden  jerkiilg  of  the  spinal  muscles,  ex- 
tending to  the  arms  and  legs  when  violent,  and  this  without  the  slightest 
mental  emotion  of  any  kind  beyond  a  consciausness  of  the  movement,  A I 
time^  the  vocal  organs  are  im|ilicated,  and  a  sliglit  cry,  quite  involuntaryi 
takes  place.  At  these  periods  she  is  unusually  susceptible  of  all  noises, 
especmliy  the  least  expected  and  least  familiar     Movements  in  the  next 
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house  inaudible  to  otber^,  the  slightest  mttlc  id  the  lock  of  a  door,  tearing 
a  morsyi  of  paj>er^  and  a  thousand  little  sources  of  sound  not  to  be  cata- 
logued, iudtice  reiulti*  similar  to  those  of  visual  impressions/*^ 

534.  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
it  cafmhje  of  receiving  and  aetiug  upon  Bensorial  iinpressionsj  that  we  find 
the  independent  reiex  activity  of  the  Sensory  ganglia  mo^t  strikingly  dis- 
played. Thus  in  the  Inftint  for  some  time  at^r  its  births  it  is  obvious  to  an 
attentive  observer,  that  a  large  part  of  it^  movements  are  directly  prompted 
by  sensations  to  which  it  can  m  yet  attach  no  distinct  ideas,  and  that  they 
do  Dot  proceed  from  ih^t  purponvfi  impnhe  which  is  essential  to  render  them 
voluntary.  This  is  well  seen  in  the  eflbrta  which  it  make^  to  find  the  nipple 
with  its  fips;  being  probably  guided  thereto  at  first  by  the  smell,  but  after- 
wards by  the  sight  also  ;  when  the  nipnle  has  been  found,  the  act  of  auction 
is  purely  excito-niotor,  rs  already  explained.  So  in  the  Idiot  whose  bmin 
has  never  attained  its  normal  development,  the  influence  of  Hen&ation^  lu  in- 
directly producing  respondent  movements  is  obvious  to  all  who  examine  his 
actions  with  discrimination  ;  and  a  remarkable  cane  has  been  described/  in 
which  an  entire,  though  temporary  suspendioa  of  Cerebral  power,  reducing 
the  subject  of  it  to  the  condition  of  one  of  the  lowest  Vertebrata,  gave  a 
very  satisfactory  proof  of  the  independent  action  of  this  division  of  the 
Encephalic  centres. 

51^5,  But  we  do  not  require  to  go  so  far  in  search  of  characteristic  exam- 
ples of  this  kind  of  reflex  action  j  since  they  are  afforded  by  the  perform- 
ance of  hulntnal  movements,  which  are  clearly  under  Sensorial  guidance, 
when  the  Cerebrum  is  occupied  in  Fi>me  train  of  action  altogether  dii?con- 
nected  with  them.  An  individual  who  is  subject  to '* absence  of  mind,** 
may  fall  into  a  reverie  whilst  walking  the  streets;  his  attention  may  he  en- 
tirely absorbed  in  a  train  of  thought,  and  he  may  be  utterly  unconscious  of 
any  interruption  in  its  continuity  ■  and  yet  during  the  whole  of  that  time 
Itja  limbs  s^ball  have  been  in  motion,  carrying  him  along  the  accustomed 

Ljpth,  Vk'Wiht  his  vision  shall  have  given  to  those  movements  the  direction 
which  U  requisite  to  guide  him  along  a  particular  line,  or  to  move  him  out 
c*f  it  for  the  avoidance  of  obstacles.     As  already  pointed  out  (§  510),  there 

^feems  strong  reason  for  regarding  the  ambulatory  movements  of  the  limbs 
;  in  themselves  exci to-motor ;  but  the  fjuidunre  of  these  movements  by  the 
irbual  ^ense  indicates  the  participation  of  the  Seusortum  in  this  remarkable 
peribrmanee* — It  has  been  matulaiued  by  some  Metaphysicians  and  Physi- 
ologists, that  these  '* secondarily  automatic"  actions  always  continue  to  he 
voluntary,  because  their  performance  is  originally  due  to  a  succession  of  vo- 
litioual  acts,  and  because,  in  any  particular  ciise,  it  is  the  Will  which  fii-st 
excites  them,  whilst  an  exertion  of  the  Will  serves  to  cheek  them  at  any 
time.  But  this  doctrine  involves  the  notion  that  the  Will  is  in  a  state  of 
pendulum-like  oscillation  between  the  train  of  thought  and  the  train  of 
movement ;  whereas  nothing  is  more  certain  to  the  indi  vie  bud  who  is  the 
subject  of  both,  than  that  the  former  may  l>e  as  uninterrupted  iis  if  the  body 
were  perfectly  at  rest,  and  bis  reverie  were  taking  place  in  the  quietude  of 
his  own  study.  And  as  it  commonly  happens  that  the  direction  takeu  is 
that  in  which  the  individual  is  most  in  the  habit  of  walking,  it  will  not  un- 
ffer^uently  occur  thai  if  he  had  previously  intended  to  pursue  some  other^ 
he  finds  himself,  when  his  reverie  is  at  an  end,  in  a  locality  which  may  be 
very  remote  from  that  towards  which  his  walk  was  originally  destined  i 
which  would  not  be  the  case,  if  his  movements  bad  been  still  under  the  pur- 
poeive  direction  of  the  wilh    And  altbough  it  is  perfectly  true  that  these 


1  Lancet,  Oct.  4tb,  1815, 


»  Ibid.,  Nov.  15th  and  29tli,  1&45. 
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movemotits  can  b^  at  any  time  cheeked  hj  an  effort  of  tht  '  Um^Hl 

not  really  inflicate  that  the  will  has  been  previouiily  ell^^■^ 
th^m  ;  feinee,  for  the  will  to  act  upon  them  at  all,  t be  aiteHti^m 
called  to  them,  and  the  Orebruni  nviiet  be  liberated  from  its  pr^i 
oeeupation.     And  the  gradual  cun version  of  a  vtilitioual   into  no 
train  of  movementB,  so  that  at  last  tbi*  train,  oace  .ntarted,  s^ha*'  - 
run  down  of  itseif,  will  be  found  to  be  less  improbable  than  h  tlM 

appea  r,  w h en  1 1  co tnes  ti>  be  u  n d e  r* t o(jd  t hat  i h e  ui ecb a n  boj  t  ^ i  i  p-  >  i  u  -t^ «{ 
actionH  is  es^ntially  the  same,  and  tlial  they  merely  dilTf  r  u^  ri'^nlf  tbi 
nature  of  the  stimulus  which  originally  excitea  them  (§544  v.  Tkit  tilt 
same  automatic  movements  are  not  excited  by  ibe  iiiaint?  .^'Ek-!2itititi<%  mhm 
the  Ct^rehrnm  is  in  its  ordinary  state  of  limctiuoal  ctmucetiori  wilU  ibe^eo- 
eorium,  h  a  fact  entirely  in  harmuny  with  the  principk*  aJn^n^iy  kH  *^^fn 
(§§  457,  458  L     Tbe  complete  occupation  of  tbe  mitid  io  oib  t  In 

clo^e  conversation  or  argument,  or  even  (it  may  be)  in  the  Hi-.  i  f>X' 

tion  of  some  other  train  of  muscular  movements,  h  no  lea»  ikvonibw 
the  state  of  reverie  to  that  independent  action  of  the  AytoniAi 
iP¥hich  has  l>een  now  described, 

536.  In  the  &tate  of  entire  functional  activity  of  tbe  nervrum  cvnlicii 
Man,  however,  there  can  be  no  doubt  i!iat  tbe  opemtiun  of  thir 
Ganglia  is  entirely  subordinated  to  ibut  of  tbe  Cerebrnrn  ;  and  that  it* 
ni&bes  an  essential  means  of  connection  between  the  notion,*^  uf  the  C 
brum  on  tbe  one  Imnd,  and  those  of  the  organs  of  Sunsc  nnd  i^Intiim  < 
other,  by  the  combination  of  which  the  Muid  is  brought  intii  n^hilHio  will  I 
the  external  world.    For,  in  tbe  6rst  place,  it  may  b«  affimiei I  v.  liinf  J 

that  no  mental  action  can  be  originally  excited,  save  by  the  si 
sations  ;  and  it  i»  the  office  of  the  Sensory  ganglia  to  form  tli  tbil 

impressions  bmught  to  them  from  the  organs  of  sense^  and  to  -odli 

sensorial  changes  to  the  Cerebrum.  But  they  have  a  no  less  ini|Mirtaiu  ^| 
trcipation  in  tbe  downward  action  of  the  Cert^bmm  upon  the  ni  f  frapp- j 
ratus ;  for  no  voluntary  action  can  be  [yertbrmed  without  the  [•■ 
guidhifj  gf.umtion^  as  was  first  prominently  stated  by  Sir  C*  \' 
majority  of  cases,  the  guiding  or  con  I  rolling  sensation  is  den 
muscles  themselves,  of  whose  condition  we  are  rendered  eo;^, 
Beasor}^  nerves  with  which  they  are  furnii?hed;  but  there  are  c^ 
which  it  is  ordinarily  derived  from  one  of  the  B|:>ecia]  sei^  -  - 
the  "  muscular  sense"  can  only  imperfectly  supply  the 
guidance;  whilst,  again,  if  the  "muscular  sense**  be  deticn-iiT,  <ni» 
special  senses  may  supply  the  requisite  information.  [SadiA  hiu  d 
Btrated  that  there  are  nerves  of  muscular  sense,  and  that  the  [' 
contraction  is  probably  due  to  a  mechanical  irritation  of  *eii 
which  run  between  and  around  the  muscular  fibres."]  The  prvw^f  i 
necessity  is  furnished  by  tbe  entire  impomihiliiy  nf  mnkin^  tfr  ^\t^fninm\ 


iary  efforUi,  tmthovt  a  guldifig  vernation  of  seme  kimL     Thi  ipn 

aesthef^ia  of  the  lower  extremities,  without  loss  of  muscular  j  i  *♦  ptiittt 

Is  as  completely  unable  to  walk  as  if  the  motor  nerves  hud  &iMt  \:mm  pfft- 
lyzed^  unless  the  deficient  sensorial  guidance  be  replaced  by  «oMir  itli.-f :  taA 
in  similar  affections  of  tbe  upper  extremities,  there  is  a  like  in;  -^^^ 

the  limb  or  to  iustain  a  weight.  But  in  such  cases,  thit  dcii  ,- 1-  .  :  tk 
"muscular  ^nse"  may  be  made  good  by  the  visual;  thu^,  the  pditifOt  nl^ 
cannot  feel  either  the  contact  of  his  foot  with  the  ground,  uir  Uit  i 


*  See  his  chapter,  On  the  Nerfous  ClrcJu  which  connrct*  th«^  Vr>lun1«ry  Mii«lll 
wHh  the  Bmin,  in  hit  work,  On  tha  Nnrvntj*  tlvstem  of  the  Human  Body, 
'  [Recent  Frogree*  iq  Phyfiology,  by  Prof.  fl.  P*  Bawditcb  ] 
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I  effort  he  is  fnakiog^  can  manage  to  stand  and  walk  by  looking  at  hia  limbs  j 
f  and  the  womau  who  can  oat  fcti  tbe  pressure  of  her  child  upon  her  arms, 
can  vet  fsiistatn  it  m  Jong  as  she  keeps  her  eyes  fixed  upon  it,  but  no  longer, 
— the  muscles  ceasing  to  con  tract,  and  tl»e  limb  drooping  powerless,  the 
monjent  that  the  eyes  are  withdrawn  from  it.  ThuR  it  is,  too,  that  when  we 
are  about  to  make  a  musc-ular  eflbrt,  the  amount  of  force  which  we  put  fdrtb 

I  is  governed  by  the  mental  conception  of  that  which  will  be  refjuired,  m  in- 
dicated t>y  the  experienre  of  former  sensations ;  just  as  the  contractitms  of 
the  muscles  of  vof^nliaation  are  regulated  by  the  cDnceptitm  of  the  sound  to 
be  produced.  Hence,  if  the  weight  be  unknown  to  us,  and  it  prove  either 
much  heavier  or  much  lighter  than  was  exiweted,  we  find  that  we  have  put 
forth  too  little  or  too  great  a  muscular  effort, 
537.  There  are  two  groups  of  muifirular  actions,  however,  which,  although 
no  less  voluntary  in  their  character  than  the  foregoing,  are  yet  habitually 

fiided  by  other  sensations  than  those  derive^l  fnun  the  muficles  themselves, 
he^^  are^  the  movements  of  the  EyehfiU^  and  those  tjf  the  Vorni  apparatm. — 
The  former  are  directed  by  the  visual  sense/  by  which  the  action  of  the 
muscles  is  guided  and  controlled,  in  the  same  maimer  as  that  of  other  mns- 
elea  is  directed  by  their  own  "  mwscular  sense;"  and  hence  it  happens  that, 
when  we  close  our  eyes,  we  cannot  move  them  in  any  required  direction 
without  an  effort  that  strongly  calls  forth  the  muscular  sense,  hy  which  the 
action  is  then  guided.  In  persons  who  have  become  blind  after  having  once 
enjoyed  sight,  an  association  is  formed  by  habit  between  t^ie  muscular  ^ense 
and  the  contractile  action,  that  enables  tne  former  to  serve  as  the  guide  after 
the  loss  of  the  visual  sen^je;  but  in  those  who  are  born  perjeetly  blind,  or  who 
have  become  so  in  early  infancy,  this  association  rs  never  formed,  and  the 
eyes  of  such  persons  exhibit  a  continual  indeterminate  movement,  and  can- 
not by  any  amount  of  effort  be  steadily  fixed  in  one  ^^sl,  or  he  turned  in 
any  definite  direction,  A  very  small  amount  of  the  visual  sense,  however, 
such  as  serves  merely  to  indicate  the' direction  of  light,  is  sufficient  for  the 
govi-^rnment  of  the  movements  of  the  eyebalL — In  the  prtxluctiou  of  vocal 
mmnds,  again,  that  nice  adjustment  of  the  muscles  of  the  Larynx,  which  ia 
requisite  to  the  giving  forth  of  determinate  tones,  is  ordiimrily  directed  by 
the  auditory  sense:  &ing  learned  in  the  first  instance  under  the  guidance 
of  the  sounds  actually  producwi  ;  but  being  subsequently  effected  volun- 
tarily, in  accordance  with  the  mental  conception  (a  sort  of  inward  sensa- 
tion J  of  the  tone  to  be  uttered,  which  conception  cannot  be  formed,  unless 
»the  sense  of  hearing  has  previously  brought  similar  tones  to  the  mind. 
Hence  it  is  that  persons  who  are  born  derifurt  also  dumb.  They  may  have 
no  malformation  of  the  organs  of  speech ;  but  they  are  incapable  of  utter- 
ing distinct  vocal  sounds  or  musical  tones,  because  they  have  not  the  guid- 
ing conception,  or  recalled  sensation  of  the  nature  of  these.  By  long  train- 
ing, however,  and  by  imitative  eff>rts  directed  by  muscular  sensations  in  the 
larynx  itself,  some  persons  thus  circumi*tanced  have  acquired  the  power  of 
speech  ;  but  the  want  of  a  sufficiently  definite  control  over  the  vocal  mus- 

(eW  is  always  very  evident  in  their  use  of  the  organ.— It  is  very  rarely  that 
a  person  who  has  once  enjoyed  the  sense  of  hearing,  afterwards  becomes  so 
amplrteltj  deaf  as  to  lose  all  auditory  control  over  his  vocal  organs*  An 
example  of  this  kind,  however,  has  been  communicated  to  the  public  by  a 
well-known  author,  as  having  occurred  in  himself;  and  the  record  of  his 
ex[)eriences*  contains  many  points  of  much  interest     The  deafness  was  the 


I 


'  Sf'«  Dr,  Alison's  Jfemoir  on  tho  AnntonriTeftl  and  Phy5iolog:iciil  Inferencfra  from 
this  Smdy  of  the  Nerves  of  iho  Orbit,  in  Tmns.  of  Roy.  Sik;  of  Edinb.,  voL  %v. 
'  See  ihe  Lost  SenseSj  by  Dr.  Kitto,  vuL  ij  chftpters  2  txnd  3, 
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Iresult  of  an  aeculeixt  occurring  In  childhood,  which  left  him  for  iome  tim« 

f  in  a  etate  of  extreme  debiHtj  ;  and  wbeii  he  loade  thfi  attempt  to  ^peak,  it 
wfis  with  considerable  pain  in  the  vocal  organs.  This  pain  prol>ably  re- 
fiiiited  from  the  uimccuslomed  eifort  which  it  was  necessary  to  makc»  vvhen 
the  u^iial  guidance  was  wanting;  being  analogous  to  the  uneasiness  which 
we  experience  J  when  we  attempt  to  move  our  eyes  with  the  lids  closed.  His 
voice  at  that  time  is  descnbed  as  being  very  similar  to  that  of  a  person  born 
tleaf  and  dumb,  but  who  has  been  taught  to  speak.  With  the  uneasineswi  in 
thy  use  of  the  vocal  organs,  was  useociated  an  extreme  mental  indisjxisition 
to  their  employment;  and  thus,  for  some  years,  the  voice  was  very  little  ex- 
ercised. Circumstance^  afterwards  forced  it,  however,  into  constant  em- 
ployment; and  great  improvement  subsequently  took  place  in  the  power  of 
voeaii nation,  evidently  by  attention  to  the  iudieations  of  the  muscular  ^enae* 
J I  is  a  curious  circumstance  fully  confirming  this  view,  that  the  worde  which 
had  been  in  use  previously  to  thesuperventionof  the  deafness,  were  ^lill  pro- 
nounced (such  of  them,  at  leasts  as  were  kept  in  employment)  a:^  tliev  had 
been  in  childhood  ;  the  muscular  movements  concerned  in  their  articulation 
having  still  been  guided  by  the  original  auditory  conception,  in  spite  of  tbe 
knowledge  derived  from  the  information  of  others  that  such  prununeiation 
was  erroneous*  On  the  other  hand»  all  the  words  subsequently  learned  were 
pronouucetl  according  to  their  spelling;  the  required  associations  between 
the  muscular  sensations  and  the  written  signs  being  in  this  case  the  obvious 
guide. 

538.  It  is  through  the  "muscular  sense/*  in  eomblnotion  with  the  visual 
and  Lactile,  that  those  movements  are  regulated  which  are  concerned  alik^ 
in  ordinary  progression,  and  in  the  maintenance  of  the  equilibrium  of  iha 
body.  That  the  visual  sense  has,  in  most  |>ersons,  a  large  ehare  in  this 
regulation,  is  evident  from  the  t^imple  fact,  that  no  one  who  has  uet  been 
aci'ustomed  to  the  deprivation  of  it,  can  ci>ntlnue  to  walk  Btrai|ht  forwards, 
when  blindfolded,  or  in  absolute  darkness,  towards  any  point  in  the  direc- 
tion of  which  he  may  have  been  at  first  guided.  But  the  blind  man,  who 
has  been  accustomed  to  rely  excln^ivcly  upon  his  muscular  sense,  has  no  dif- 
ficulty in  keeping  to  a  straight  |mtb  ;  and  moves  onwards  with  a  confidence 
Lwbtch  13  in  remarkable  contnist  with  the  gait  of  a  man  who  has  been  de- 
,  prived  of  sight  for  the  occasion  only.  In  fact,  as  Mn  Mayo  has  well  n> 
marked,*  in  our  ordinary  movements,  -*  we  lean  upon  our  eyesight  a^  upon 
crutches." — When  our  vision,  however,  Instead  of  aiding  and  guiding  n», 
brings  to  the  mind  sensations  of  an  antagonistic  character,  our  movement? 
become  uncertain,  from  the  loss  of  that  power  of  guidance  and  con t ml  over 
them  which  the  harmony  of  the  two  sensations  nmally  gives.  Thus  ii  jier^on 
unaccusiome<l  to  look  down  heights, /fW*f  insecure  at  the  top  of  a  tower  or  a 
precipice,  although  he  hioum  that  his  body  is  pmperly  supported  ;  for  the 
void  which  he  sees  below  him  contradicts  (so  to  sneak)  the  tactile  sensation.? 
by  which  lie  is  made  conscious  of  the  due  equilibrium  of  his  b4Mly,  So, 
again,  although  any  one  can  walk  along  a  narrow  plank,  which  fornw  part 
of  ll*e  tioor  of  a  room,  or  which  is  elevated  but  a  little  abo%'e  it,  without  th»: 
Ljeast  difHeulty,  and  even  without  any  conseiousne^  of  effort,  if  that  plank 
'"be  laid  across  a  chasm,  the  bottom  of  which  is  so  far  removed  from  the  eyi* 
that  the  visual  sense  gives  no  a^s^•istauee^  even  thos«  who  have  braced  their 
ticfves  against  all  emotional  distraction,  feel  that  an  effort  is  rcquii^iie  to 
tnaintain  the  equilibrium  during  their  passage  over  it;  that  effinrt  being 
aided  by  the  withdrawal  of  the  evej*  from  the  abyss  below,  and  the  fixation 
of  them  on  a  point  beyond,  whieu  at  the  same  time  helps  to  give  itcftdlnes 


\ 


*  UaU\T\eiof  FhyMolagy,  ad  cdit»  p.  34$. 
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to  the  movements  and  ilmtracU  the  mitid  from  the  sense  of  its  danger.  The 
d*^gree  in  which  the  "mu^calar  ^ense"  k  alone  sufficient  for  the  guidance  of 
inch  movemenU,  when  the  mind  has  no  consnoufinesJs  of  the  danger,  and 
when  the  visual  sense  neither  atTords  aid  nor  euntributei*  to  dmtruct  the  at- 
temlou,  h  remarkably  illueitrated  by  the  phenomena  of  Somnambulism ;  for 
the  sleep*walker  traverses,  withont  the  Iciist  hesitation,  the  narrow  para|>et 
of  a  house,  and  crosses  narrow  and  inseunre  planks,  clambera  roofs,  etc, 
under  circumstances  that  clearly  indicate  the  nature  of  the  guidance  by 
which  he  i^  directed. — The  dependence  of  our  ordinary  power  of  maintaining 
our  equilibrium,  upon  the  combination  of  the  guiding  sensations  derived 
through  the  sight  and  the  touch,  is  further  well  illustrated,  as  Mr.  Mayo  has 
jKvinted  out  (loc*  cit»),  by  what  happens  to  a  landsman  on  first  going  to  sea, 
'*  It  is  long  heft  J  re  the  passenger  acquires  his  *sea  legt^J  At  first ,  as  the  ship 
move^,  he  can  hardly  keep  his  feet ;  the  shifting  lines  of  the  vessel  and  sur* 
face  of  the  water  unsettle  his  visual  stability ;  tlie  difTerent  inclinations  of 
the  planks  he  stands  on,  his  muscular  sense.  In  a  short  time  he  leams  to 
di3?regard  the  shitUng  images  and  changing  raotioori,  or  acquires  facility  in 
adapting  himself  (like  one  on  horseback)  to  the  different  alteratiouH  in'the 
line  of  direction  in  his  frame/'  And  when  a  person  who  has  thus  learned 
by  habit  to  maintjiin  his  euuilibrium  on  a  shifting  surface,  fi i-st  treads  upon 
firm  gn>und,  he  feels  himseif  almost  as  much  at  fault  as  he  did  when  he  fii-st 
went  to  sea,  and  it  is  only  after  being  some  time  on  shore,  that  he  is  able  to 
resume  his  original  manner  of  walking.  Indeed,  mr^t  of  those  who  spend 
the  greater  part  of  their  time  at  sea,  acquire  a  peculiar  gait,  which  becomes 
to  habitual  to  them  that  they  are  never  able  to  throw  it  off. 

539<  But,  further,  there  is  very  strong  physiological  evidence  that  the 
Beusory  Ganglia  are  not  merely  the  instruments  whereby  our  voluntary 
movements  are  directed  and  controlled,  in  virtue  of  the  guiding  sensations 
mhich  they  fu^ni.'^h,  but  that  they  arc  actually  the  immediate  centres  of  the 
motor  influence  which  excites  muscular  contractions,  in  obedience  to  impulses 
transmitted  downwards  from  the  Cerebrum.  It  has  usually  been  considered 
that  the  Cerebrum  acts  directly  upon  the  muscles,  in  virtue  of  a  direct  con- 
tinuity of  nerve-fibres  from  the  gray  matter  of  its  con  volutions,  throufjh  the 
C^jrpora  Striata,  the  motor  tract  of  the  Medulla  Oblongata^  the  anterior 
portion  of  the  Spinal  Cord,  and  the  anterior  roots  of  the  n<^rves ;  and  that 
in  the  performance  of  any  voluntary  moveuient,  the  Will  determines  the 
motor  force  to  the  muscle  or  set  of  muscles  by  whose  instrumentality  it  may 
be  produced.  To  this  doctrine,  however,  the  anatonjical  facta  already  statinl 
couj^titute  a  very  serious  objection;  for  the  mcjtor  tract  cannot  be  stated  witli 
certainty  to  have  any  higher  origin  than  the  Corpora  Striata;  and  it  is 
iuipos<?iib]e  to  imagine  that  the  fibres  which  converge  towards  the  surface  of 
these  bodies  from  all  psirts  of  the  Cerebrum,  can  be  so  closely  compacted 
together  as  to  he  incluoed  in  the  motor  columns  of  the  Spinal' Axis.  The 
fact  would  rather  sc^em  to  be,  that  these  coji verging  fibres  bear  the  same 
kind  of  anatomical  relation  to  the  Corporu  Striata  and  the  other  Sensorial 
centres  of  motor  power,  as  do  the  Hbres  of  the  afferent  nerves  which  proceed 
[to  them  from  the  retina ^  the  Scfuietderiun  membrane,  and  other  peripheral 
expansions  of  nervous  matter ;  and  hence  we  might  infer  that  the  nerve-force 
generated  in  the  con  veil utions,  instead  of  acting  Immedinte/if  tm  th^  motor 
nerves,  is  first  directed  towards  the  Automatic  centres,  and  excites  the 
[eaine  kind  of  motor  response  in  them,  as  would  be  given  to  an  impression 
Iransmitteil  to  them  through  a  sensory  nerve.  We  shall  find  that  such  a 
view  of  the  structural  arrangements  of  these  parts  is  in  remarkable  aecord- 
ancc  with  their  functional  relations,  as  indicated  by  careful  analysis  of  the 
mechanism  of  what  \s  commonly  regarded  as  ''voluntary"  movement     The 
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Cerebniin  may  thua  call  the  motor  apparatus  into  action,  as  the  iiistt'umcDt 
either  ofidean,  of  emotions,  or  of  voHtwnni  drtentdnutions;  but  we  inoHt  Jiiuii 
our  present  exam i nation  to  Vfilmdftry  movetiieuts  aloue,  these  having  been  . 
usually  regarded  as  in  such  complete  antn^onism  to  those  of  the  aut^imalic 
gmop,  that  even  separate  $etv*  of  nerve-fibres  have  been  thought  re<^uUite  to 
account  for  the  transmission  of  these  two  distinct  orders  of  motor  uiipul£«i 
to  the  mugeles, 

540.  Now,  iu  the  first  place,  it  may  be  asserted,  with  some  confidence,  that 
no  effort  of  the  Will  mn  exert  that  direct  influence  on  the  musclesi,  which 
our  ordinary  phras^seology,  aud  even  the  language  of  scientific  renBonera, 
would  seem  to  imply  ^  but,  on  the  other  hand,  that  the  Will  la  solely  coB- 
ceroed  iu  determining  the  remdt;  the  selection  and  combination  of  muMcular 
movements  recjuired  to  bring  about  this  result,  not  \mug  effected  by  the  Will, 
but  by  some  intermediate  agency.  If  it  were  otherwise,  we  should  be  de- 
pendent upon  anatomical  knowledge  for  our  j>ower  of  performing  the  Sim- 
plest movement  of  the  body ;  whereas  we  find  the  fact  to  be,  that  the  man 
who  has  not  the  least  idea  of  the  mechanism  of  muscular  actioUf  can  acquire 
as  complete  a  command  over  his  movements,  and  can  adapt  them  as  pt'rfectly 
to  the  desired  end  as  the  nic^t  accomplished  anatomist  could  do.  Further, 
we  cannot,  by  any  exertiou  of  the  will,  single  out  a  particular  mudde,  and 
throw  it  into  contraction  by  itself,  unless  that  muscle  be  one  which  is  alone 
concerned  in  an  action  that  we  can  voluntarily  perform ;  and  even  then  we 
single  it  out  by  willing  the  action.  Thus  we  can  put  the  iei^idor  palprhrm  m 
action  by  itself;  but  this  wc  do  not  by  any  conscious  determination  of  power 
to  the  muscle  itself,  but  by  willing  to  raise  the  eyelids ;  and  it  is  only  by  our 
anatomical  knowledge  that  we  know  that  but  a  single  muscle  is  concerned 
in  this  nioveinentt  Bo  fur  as  our  own  consciousness  can  inform  us,  there  b 
uo  d  life  re  nee  between  the  mechanism  of  this  action  and  thai  of  the  flexion 
of  the  knee-  or  elbow-joiut;  and  yet  in  these  latter  movementd  several 
mui^clesare  concerned,  not  one  of  which  can  be  singled  out  by  any  effort  of 
the  will,  aiifl  thrown  into  action  separately  from  the  rest. — The  idea  that  the 
win  is  flirfHhj  exerted  upon  the  muscles  called  into  action  to  produce  a  par- 
ticular tnovemeiit,  may  seem  to  derive  aome  suppirt  from  the  sense  of  mus- 
ciiftir  i^fart  of  which  we  at*e  conscious  in  making  the  exertion,  and  which  we 
refer  to  the  muscles  which  are  concerned  iu  it;  but  this  sense  of  effort  is 
nothing  else  than  the  **  muscular  sense"  already  alluded  to,  which  has  its 
origin  in  the  state  of  tension  of  the  muscles,  and  which  is  no  more  an  indi* 
cation  of  mmfal  effort  directed  to  them,  than  the  sensation  of  light  or  souud 
Is  an  indication  of  a  determination  of  voluntary  power  to  the  eyes  or  ears, 

54 L  There  are  two  cases,  already  referred  to  under  another  head,  ia 
which  it  is  very  easy  to  show  that  the  Will  is  concerned  with  the  result  atone, 
and  is  not  directly  exerted  upon  the  instruments  by  which  that  result  is 
brought  about:  these  are,  the  movements  of  the  Eyc«,  and  the  production 
of  Vocal  tones.  In  neither  of  them  are  we  eimscious  of  any  enbrt  in  the 
muscular  apparatus,  unless  the  contraction  be  carried  beyond  its  accustofued 
extent;  the  ordinary  movements  being  governed,  as  already  remarked,  not 
by  the  muscular  sense,  but  by  the  visual  and  auditory  senses  resj)ectively.— * 
Nothing  can  be  more  simple,  to  all  apiiearance,  than  the  act  of  turniDg  the 
eyes  upwards  or  downwards,  to  one  side  or  the  other,  in  obedience  to  a 
determination  of  the  Will;  and  yet  the  Will  does  not  impress  &uch  a  deter- 
mination upon  the  muscles.  That  which  the  Will  really  does,  is  to  ^aae 
the  eyeballs  to  roll  in  a  given  direction,  in  accordance  wiih  a  visual  mnm- 
tion  ;'  and  it  is  only  when  there  is  an  object  towards  which  the  eV68  can  be 
turncHi,  that  we  can  move  them  with  our  usual  facility*  When  tne  eyelids 
are  cJosed,  and  we  attempt  to  roll  the  globes  upwards  or  downw&rds,  to  one 
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Bide  or  to  the  other,  we  feel  that  wc  can  do  so  but  very  imjx^rfectly,  atitl  with 
a  sense  of  eifort  referred  to  the  mui^cles  thenisclves,-*thi3  sense  being  the 
result  of  the  state  of  teusiou  in  whieh  the  muscles  are  placed  hy  the  effort 
to  move  the  eyes  without  the  guiding  visual  sensation.  Now;  on  the  other 
hand,  the  Will  may  determiuc  to  fix  the  eyes  upon  an  object;  and  yet  this 
very  fixation  may  be  only  attainable  by  a  museular  movement,  which  move- 
ment is  directly  excited  by  the  visual  sense,  without  any  exertion  of  volun- 
tary power  over  the  muscles.  Such  is  the  ca;3e  when  we  deteriDiuately  took 
iteadily  at  an  object,  while  we  move  the  head  horizontally  from  side  to  s^ide ; 
for  tlie  eyeballs  will  then  be  moved  in  the  contrary  direction  by  a  kind  of 

[  instinctive  effort  of  the  external  and  internal  recti,  which  tends  to  keep  the 
retime  in  their  first  position,  and  to  prevent  the  motirm  of  the  imnjifes  over 
them*  So,  when  we  hmk  steadily  at  an  object,  and  incline  the  head  towards 
either  shoulder,  the  eyeballss  are  rotated  upon  their  an lero- posterior  axis 
(probably  by  the  agency  of  the  oblique  mussel e^)  apparently  with  the  very 
Bame  purpoi^e, — that  of  preventing  the  inmgea  from  moving  over  the  retina 
(see  eh  a  p.  xv,  sect,  3),  Now  we  cannot  refuse  to  this  rotation  any  of  the 
attributes  which  really  characterise  the  so-called  voluntary  movement,^;  and 

|A'et  we  are  not  even  informed  by  our  own  consciousness  that  siuch  a  move- 

Kimt  irt  taking  place,  but  know  it  only  by  observation  of  othen,  or  by  the 

ricfleetion  in  a  rajrror. 

542,  The  ma^ctdar  contractions  which  are  concerned  in  the  prt>duction  of 
Vocal  tone.^,  are,  in  like  manner,  ahvays  accounted  voluntary ;  aud  yet  it 
is  easy  to  f^how  that  the  Will  has  no  direct  power  over  the  muscles  of  the 
larynx.  For  we  cannot  raise  or  deprf^ss  the  larynx  as  a  whole,  nor  move 
the  thyroid  cartilage  upon  the  cricoid,  nor  separate  or  approximate  the 
arytenoid  cartilages,  nor  extend  or  relax  the  vocal  ligaments,  by  simply 
wiilin^  to  do  so,  liowever  strongly.  Yet  we  can  readily  do  any  or  all  these 
things,  by  an  act  of  the  Will  exerted  for  a  specific  purpose.     We  conceive 

I  of  a  tone  to  be  produced,  and  we  will  to  produce  it;  a  certain  combination 
of  the  muscular  actions  of  the  larynx  then  takes  place,  in  most  exact 
accordance  with  one  another;  and  the  predetermined  tone  is  the  resulL 
This  anticipated  or  conceived  sensation  is  the  guide  to  the  muscular  move- 
ments, when  as  yet  the  utterance  of  the  voice  has  not  taken  place;  but 
whibt  we  are  in  the  act  of  speaking  or  singing,  the  contractile  actions  are 
regulated  by  the  present  sensations  derived  from  the  sounds  as  they  are  pro- 
duced.—It  can  scarcely  but  be  admitted,  then,  that  the  Will  doed  not 
directly  govern  the  movements  of  the  Larynx ;  but  that  these  movements 
are  immediately  dependent  uptm  some  other  agency, 

543,  Now  what  is  true  nf  the  two  preceding  claissea  of  actions,  is  equally 
true  of  all  the  rest  of  the  so-called  valunianj  movemenU;  for  in  each  of 
tiiera  the  power  of  the  Will  i^  really  lirniteti  to  the  determination  of  the 
jesuU ;  and  the  production  of  that  rci^ult  is  entirely  dependent  upon  the 
coneurrence  of  a  "guiding sensation/'  which  is  usually  furnished  by  the  very 
muscles  that  are  called  into  action.  It  is  obvious,  therefore,  thut  we  have 
to  seek  for  some  intermediate  agency,  which  executes  the  actions  ddennined 
by  the  Will ;  and  when  the  facts  and  probabilities  already  stated  are  duly 
considered,  they  lend  strongly  in  favor  of  the  idea  that'  even  voluntary 
movements  are  executed  hy  the  instrumentality  of  the  Automatic  apparatus, 
and  that  they  differ  only  from  the  automatic  or  instinctive  in  the  nature  of 
the  stimulus  by  which  they  are  excited, — the  determination  of  the  Will  here 
replacing,  as  the  ejcetiln^  eame  of  its  action,  the  sensory  imnression  which 
o^^rates  as  such  in  the  ease  of  an  instinctive  movement,  ana  which  is  still 
requisite  for  Its  guidance. 

544,  Thk  view  of  the  case  derives  a  remarkable  confirmation  from.  tK^ 


672      FUNCTIONS    OF    TBE    CEREBRO -SPIKAL    NERVOOS    SYSTEM. 


analyst  of  two  classes  of  very  familiar  pheiionieim :  tb<?  fir^t  consistiDg  of 
cn^s  in  which  movements  that  are  ordinarily  Automatic  are  performed  by 
Voluntary  determinalionj  or  simply  in  respondence  to  an  Idea;  the  &ceao3 
comisting  of  tho^e  iu  which  movements  originally  Voluntary  come  by  habit 
to  be  Automatically  performed.^Of  the  first  cla^j  the  act  of  C*aughing  is  a 
good  example.  This  action,  which  is  ordinarily  automatic,  may  al&o  he  ex- 
cited  by  a  voluntary  determination;  such  a  determination^  however,  is 
directed  to  the  rr'^uli,  rather  than  exercised  in  singling  out  the  different 
movements  and  then  combining  them  in  the  neces&ary  sequence ;  and  the 
Will  thus  seems  obviously  to  take  the  place  of  the  laryngeal  or  tracheal 
irritation,  m  the  primum  mohih'  of  the  series,  which,  in  its  actual  p<:'rfurm* 
ance,  is  m  automatic  in  the  latter  case  as  in  the  former.  So,  again,  we 
know  that  many  of  the  autojimtic  movements  wliich  have  been  already  re- 
ferti'd  to  m  examples  of  the  sensori-motor  group  (§  533),  and  which  the 
Will  cannot  call  forth,  may  be  performed  in  respondence  to  tdm»  or  cttneep- 
iwm,  which  are  Corehral  itfatei^  that  seem  to  recall  the  ?ame  eonditit»u  of  the 
Bensorinni  as  that  which  was  originally  excited  by  the  Senary  inipr^ssioQ. 
Thus  it  is  well  known  that  the  act  of  Vomiting  may  be  itiduced  by  the 
remembrance  of  mmie  loathsome  object  or  naui*eousi  taste,  excited  bysom^  act 
of  "suggestion  ;  "  and  the  Author  has  known  an  instance  in  which  a  violent 
fit  of  sea-sick nei!s  was  brought  on  by  the  sight  of  a  vessel  tossed  about  at 
sea,  which  recalled  the  former  experience  of  that  state.  So  the  Hydro- 
phobic paroxysm  may  be  excited  by  the  mention  of  the  nmne  of  water,  which 
of  course  calls  up  the  idea ;  and  a  tentlency  to  yawn  is  in  like  manner 
frequently  induced  by  looking  at  a  picture  of  yawners,  or  by  speaking  of 
the  act,  or  by  volnntarily  commencirjg  the  act^  \\hlch  may  then  be  automati- 
cally completed.^ — The  automatic  performance  of  actions  which  were  orig- 
i li a  11  y  vol  u  n  ta ry  has  already  been  f u  1 1  y  d isc ussed  ( §  537);  and  we  lia ve 
therefore  ouly  to  remark  herCj  that  the  fact  very  strongly  snpports  llie  view 
now  advanced,  as  to  the  HiiKjlenesa  of  the  mechanism  which  serves  &6  Xh^ 
instrument  of  both  classes  of  actions,  and  the  essential  uniformity  of  its 
operation  in  the  two  cases.*— It  would  be  difficult  to  explain  either  set  of 
phenomena  jisatisfactorily,  on  the  hypothesis  that  there  is  a  **  distinct  syatem" 
of  fibres  for  the  volitional  and  for  the  automatic  movements;  since  it  h  not 
readily  to  be  conceived  how  a  set  of  movemeut.s  originally  performed  by  the 
otie  can  ever  be  transferred  to  the  other;  whilst,  on  the  other  hand,  U  is 
ea^y  to  understand  how  the  game  molorial  action  may  be  excited  in  the 
auiomalic  centres,  either  by  an  eHi-nml  impression  conveyed  thither  by  an 
a  Her  en  t  nerve  from  a  Scni^ory  surface  (as  that  of  the  irritation  in  the  air* 
pu-^ngCH  which  excites  the  act  ol'  coughing),  or  by  a  stimulus  priK^eiiing 
from  the  ccuivoluted  suHiu-e  of  the  Cerebrum,  and  conveyed  along  thorn 
connecting  fibres  which  liell  with  great  sagacity  termed  the  ''nerves  of  the 
inter  nui  senses/^ 

54o.  To  sum  up,  then,  we  s^em  justified  In  concluding  that  the  €^x^m4h 
Spimti  A.tk  of  Man  and  other  Verlebrata, — consisting  of  the  Henaoty 
Ganglia,  Medulla  Oblongata,  and  Spinal  Cord,^is  (like  the  chain  of 
cejihalic  and  ventral  ganglia  of  Articulata  with  which  it  is  homologous) 
the  immediate  instrument  t)i'  aU  mttmrhl  ami  motor  ehaitges;  that  by  ita  ftole 
and  indepndent  action  are  produced  all  those  movement*  which  are  ranked 
as  nutomnUe  or  imtinctivf,  these  being  performed  in  respondeiice  to  external 
impressions  which  may  or  may  not  affect  the  consciousness;  but  that  when 
acting  in  sulxjrdi nation  to  the  Cerebrnm,  the  Oranio-8pinal  Axis  trunsmiti 
upwards  to  it  the  influence  of  Sensorial  changes,  and  receives  from  it  the 
downward  impulses,  which  it  directs  automatically  into  the  appixipriata 
cimaael  for  the  execution  of  the  movements  which  th©  Mind  haa  dinecteJ* 
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The  number  of  purely  automatic  actions  diminishes  in  proportion  to  the 
development  of  the  Cerebrum,  and  to  the  subjection  of  the  Automatic  appa- 
Tatud  to  its  control ;  but  even  in  Man,  those  most  closely  connected  with  the 
maintenance  of  the  organic  functions,  or  most  necessary  for  the  conservation 
of  the  bodily  structure,  remain  quite  independent  of  any  mental  agency, 
and  most  of  them  do  not  require  consciousness  for  their  excitation.  But  if 
the  activity  of  the  Cerebrum  be  suspended  or  be  otherwise  directed,  without 
any  affection  of  the  automatic  apparatus,  movements  which  have  long  been 
habitually  performed  in  a  particular  sc(iuence,  may  be  kept  up,  when  the 
will  has  once  set  them  in  action,  through  the  automatic  mechanism  alone; 
the  impressional  or  sensational  change  produced  by  each  action,  supplying 
tbe  stimulus  which  calls  forth  the  next. — It  may  further  be  concluded  that 
the  Sensory  Ganglia,  which  are  the  instruments  whereby  we  are  rendered 
conscious  of  external  impressions,  are  also  the  seat  of  those  simple  feelings 
of  pleasure  and  pain  which  are  immediately  linked  on  to  that  consciousness  : 
for  it  can  scarcely  be  doubted  that  such  feelings  must  be  associated  with 
particular  sensations,  in  animals  that  have  no  ganglionic  centres  above 
these;  since  we  must  otherwise  regard  the  whole  series  of  Invertebrated 
tribes  as  neither  susceptible  of  enjoyment,  nor  capable  of  feeling  pain  or 
discomfort.  And  it  likewise  seems  probable  that  the  Sensory  Ganglia  are 
also  the  seat  of  those  jyerceptionnl  acts,  which  brin^  the  consciousness  into 
direct  relation  with  the  external  object  that  aroused  the  sensation  ;  since  the 
recognition  of  externalHij  seems  evident  in  the  actions  of  the  tribes  just  re- 
ferred to.*  A  few  remarks  may  here  perhaps  appropriately  be  introduced, 
indicating  the  effects  of  lesion  of  the  several  ganglia  at  the  base  of  the  brain 
from  above  downwards.  In  the  event  of  lesion,  as  hivinorrhage,  occurring 
in  front  of  or  above  the  corpora  striata,  no  panilysis  either  motor  or  sensory 
18  observed  unless  the  damage  be  very  great.  The  intellectual  faculti(js  are 
probably  always  more  or  less  affected,  though  it  may  not  be  easy  to  deter- 
mine in  what  mode  or  to  what  degree.  As  will  subsequently  be  shown,  if 
the  posterior  frontal  convolutions,  especially  of  the  left  side,  be  affected, 
aphasia  is  likely  to  occur.  If  the  hiemorrhage  occur  in  the  Corpus  Striatum, 
there  is  motor  paralysis  of  the  opposite  side  only.  If  in  the  Thalamus  Op- 
ticus, there  would  be  motor  paralysis  of  the  opposite  side,  with  more  or  less 
paralysis  of  sensation.  If  in  the  Cms  Cerebri  there  would  be  })aralysis  of 
the  opposite  side,  which  might  be  either  motor  or  sensory,  or  both.  If  the 
muscles  of  the  eye  be  paralvzod,  it  is  on  the  same  side,  and  would  chiefly 
affect  those  supplied  by  the  third.  If  in  the  Pons,  there  would  be  paralysis 
of  motion  or  of  sensation,  or  of  both,  of  the  oj)posite  side  of  the  body  and 
the  same  side  of  the  face, — in  those  muscles  mainly  supplied  by  the  5th  and 
7th,  that  is — there  would  be  crossed  paralysis.  If  in  the  ^Ledulia  Oblongata, 
the  great  centres  of  respiration,  deglutition,  etc.,  would  be  afleeted,  and  a 
fatal  issue  soon  occurs. 

4.   Of  the  Cerebellum,  and  if:*  Functions. 

540.  The  Cerel)ellum  is  an  organ  which,  though  confined  to  the  Vertel)rated 
sub-Kingdom,  is  yet  in  peculiarly  intimate  relation  witii  the  Automatic  ap- 
paratus. In  that  highest  state  of  development  which  it  prosent,s  in  Man,  we 
find  it  to  consist  of  two  lateral  lobes  or  Iwmii^phcrcA^  comj>o.sed  of  nervc-fibres 

'  It  inny  here  be  remarked  that  the  t<'rm  S»'n>ntif>n  is  now  undiT^tood  to  irn|»l\*tlu) 
tini|t1n  consciousni'ss  of  an  inipros^ion,  wljilst  Pf^rccption  n'fcr!*  that  in)pru<>ion  to 
S(>in«'thinir  <>"t  of  the  erjo.  For  the  production  of  a  S^naatinn  a  conscious  state  ol*  tho 
mind  is  uli  that  is  required  ;  but  for  tho  exercise  of  tho  l*ercc])tive  jiower  a  certain 
degree  of  attention  U  requisite. 
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iDVestefl  in  a  very  peculiar  manner  l>y  vesicular  isfubslan^  '     ' 

lol>e»  als(i  eoDtai»iug  a  eoiiibi nation  of  the  vesicular  axid   : 
which  15  ktiowu  under  the  designation  of  the  **  vi*rinirnrm   | 
hemiBpheref?  are  connected  with  each  other  not  only  by  thi-^  o 
also  by  the  lib  runs  commissure  which  parses  beueath  the  V< 
and  m  known  as  the  **Pona  Varolii.'*     The  cc»mnnssural   i 

the  ''Crura  Cerebeili;**  butanotii 
¥ta.  5^1.  is  formed  by  the  gtmnds  which  <  - 

Cerelielliira  with  the  anterior  nnn 
columua  of  the  Spioal  Cord  and  Mt.,„...    . 
longata  (§  488);  and  in  addition  to  these, «« 

find  a  fasciculus  of  fibres?  pnji?int-  ^'■*" *  '^'^ 

Cerebellum  and  the  Corptira  i 
the  "  iter  a  cerebello  ad  testes,''     i  c 
of  iii$  hemispheres  ou  either  »id«:  * 
masa  of  gray  matter^  the  **corpu- 
deum,"  or,  *'dentatnm/'  which  si'*  ; 
ganglionic  centre  for  the  fibres  thatii 
^gVjg'^srniiH"  wards  to  it  from  the  Spinal  Cord,    'fh* 

^^SiM^^^^  then,  three  masses  of  gra}'  matter  i: 

beHum — that  of  the  cortex,  the  tliJ 
clei,  and  the  roof-nuclei  of  Stilling*  «ui:ii'ji 
in  the  medulla  of  the  Vermiform  [vr<rt^ 
Th e  accc ) m  pu  n y i  ng  figu  re  ( F i g.  24 1 )  ex  li  1 1»  i * 
^  ,,  ,  .  ^  ^  the  appearance  presented  when  a  ^-cUm 
.-^.Jilti.™^rw.„  the  cortex  of  the  Cerebellum  h  c: 

and  it  will  be  seen  that  it  diflVni  n>i 
ably  from  that  of  the  Cerebrum  giwu  tin 
690.*    The  inquiries  of  Eni^el'  liav**  »Wwa 

layer  wllh  ftiiirflm.  iHll-mnd  flbne  artru     ^^^^   ^^   development  of  the   Cen*U'llum  ilj 


T1««.' 


tti«  C«r«boUuiu  ofMnn. 

1  a.  Extsrua]  portion  ui  the  pure  gray 
lifer. 

1  h,  Ititern«1  j>t>rtloii  of  the  pate  gray 


2.  Tlie  lay*?r  of  PurkUijo**  ceUi. 
^.  Th(j  byurof  iitriitiiiliM. 


completed  in  infancy,  and  remains  uaitltri 
up  to  the  SOth  year,  after  whirb  the  iiuml 
of  the  lain  el  he,  ei'petunlly  of  the  i^upKriiir  W^' 
mifonn  process,  l>egiti  to  diminish 
547.  When  w*e  examine  into  the  relative  develojiment  of  t\ 
in  the  diHejent  classes  of  Vertebrata,  we  find  that  it  prt*.<ent^ 
luarkable  difference^.'  '  In  It^  simpler  f(>rm.s  this  organ  U  dtmni 
entirely  of  the  repre^etitative  of  the  eentrni  lobe  of  the  liumnn  f 
the  hemisphenii*  not  making  their  ap|jeaniuce  utjti!  we  have  n  li»^ 

cla^s  of  Birds.     On  a^cemiing  the  scale  of  Marnmifcrous  aij......   .    ^  i^ 

other  band,  we  cannot  but  be  struck  with  the  rapid  advnDce  in  the  pn^por* 
tional  size  of  the  CerebcUnm,  which  we  observe  as  we  rise  from  th*:^  h^wtst 
(which  are  surpassed  in  this  respect  by  many  Birds),  towards  Man,  ia  wiiofli 
it  attains  a  development  which  appears  enormous,  even  when  contra«t«^  ritl» 
that  of  the  tjuadrumaua.  In  proportion!  in  factj  »-^  the  eittremitif*  anpiim 
the  power  of  prehetisian,  and  together  with  this  a  power  ot  applieatloo  i»  i 

*  Fur  an  iidmvrnbl**  dftscriptipn  of  tho  HuotMn  Ct^reMIufUt  *+- 
tbf»  Structure  of  lb©  Organ.     Cflsscl,  1867*     Also  D<?lter**  Uut^  r 
RUckpr.ninrk,  18(15;  Meyni?rt,  in  Strickpr^s  Hiirir  »fid  Cor»p,  Hibtc>n»gv,  vpi.  u.  i^-^ 
p.  G12;  Hiidt  ch,  Arc-hiv  t  Micro#cr>p.  AtirtL,  Bd.  vi^  p.  191- 

*  Wien.  Mediism,  Wochcna  ,  18(13,  No.  U. 

*  S<3o  Prlnc.  of  Com  p.  Phy».,  {  635.— Fuli**r  iidonnnUon  on  ihi*  |i*>lnt  will  I 
in  M.  S€»rr<?p'»  Aunt.  Camp*  du  Corvynu^  nnd  M*  L»'tircl*»  Anwt    Cum     -li 
NePTi>iijt.--Forii  ijenerAJ  disoufaiun  of  tlie  evidence  ntfardi^d  by  Compn 
In  rt*jjwpd  lothe  i'linaiwns  of  the  Curebfjllumt  «©«  tliu  lint,  uad  Ft»r, 
aixii,  pp*  §35-541. 
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great  variety  of  purposes, — still  more,  io  proportion  as  the  animal  becomes 
capable  of  maintaining  the  erect  posture,  in  which  a  constant  muscular  ex- 
ertion, consisting  of  a  number  of  most  elaborately  combined  actions,  is  re- 
quired,— do  we  find  the  size  of  the  Cerebellum,  and  the  complexity  of  its 
structure,  undergoing  a  rapid  increase.  Thus,  even  between  the  Dog  and 
the  Bear  there  is  a  marked  difference ;  the  latter  being  capable  of  remaining 
for  some  time  in  the  erect  posture,  and  often  spontaneously  assuming  it ; 
whilst  to  the  former  it  is  anything  but  natural.  In  the  semi-ere(;t  Apes, 
again,  there  is  a  very  great  advance  in  the  proportional  size  of  the  Cerebel- 
lum ;  and  those  which  most  approach  Man  in  the  tendency  to  preserve  ha- 
bitually the  erect  posture  also  come  nearest  to  him  in  the  dimensions  of  this 
oigan. — ^Thus  on  looking  at  the  size  of  the  Cerebellum,  in  relation  to  the 
general  motor  activity  of  the  Vertebrated  classes  respectively,  and  especially 
takiDj?  into  account  the  variety  of  their  respective  movements,  and  the  num- 
ber of  separate  muscular  actions  which  are  combined  in  each,  we  can  scarcely 
help  noticing  that  it  is  in  the  tribes  which  are  most  distinguished  in  these 
respects,  that  the  largest  Cerebellum  is  usually  found.  Now  it  is  evident 
that  Man,  although  far  inferior  to  many  of  the  lower  animals  in  the  power 
of  performing  various  particular  kinds  of  movement,  far  surpasses  them  all 
in  the  number  and  variety  of  the  combinations  which  he  is  capable  of  exe- 
cuting, and  in  the  complexity  of  the  combinations  themselves.  Thus,  if  we 
atteutivelv  consider  the  act  of  walking,  we  shall  find  that  there  is  scarcely  a 
muscle  of  the  trunk  or  extremities  which  is  not  actively  concerned  in  it ; 
some  being  engaged  in  performing  the  necessary  movements,  and  others  in 
maiutaining  the  equilibrium  of  the  body  which  is  disturbed  by  them.  On 
the  other  hand,  in  the  Horse  or  Camel,  the  muscular  movements  are  indi- 
vidually numerous,  but  they  do  not  require  nearly  the  same  perfect  co-ordi- 
nation. And  in  the  Bird,  the  number  of  muscles  employed  in  the  movements 
of  flight,  and  in  directing  the  course  of  these,  is  really  comparatively  small ; 
as  may  at  once  be  perceived,  by  comparing  the  rigidity  of  tne  skeleton  of  the 
trunk  of  the  Bird  with  that  of  Man,  and  by  remembering  the  almost  com- 
plete inactivity  of  the  lower  extremities  during  the  active  condition  of  the 
upper.  In  fact,  the  motions  of  the  wings  are  so  simple  and  regular,  as  to 
suggest  the  idea,  that,  as  in  Insects,  their  character  is  more  refiex  than  vol- 
untary,— an  idea  which  is  supported  by  the  length  of  time  during  which 
they  can  be  kept  up  without  apparent  fatigue,  and  also  by  the  im[)ortant 
ttLCta  already  mentioned  (§  524),  which  experimental  research  has  disclosed. 
548.  We  have  next  to  inquire  what  evidence  can  bo  drawn  from  Experi- 
mental investigations  on  tjie  same  subject;  and  in  reference  to  this  it  i:>  de- 
sirable to  remark,  in  the  first  place,  that  the  ex))erimental  mode  of  inquiry  is 
perhaps  more  applicable  to  this  organ  than  to  other  parts  of  the  Eucopluilon, 
masmuch  as  it  can  be  altogether  removed  with  little  disturbance  of  tiie  ac- 
tions immediately  essential  to  life,  the  animals  soon  rec^overing  from  the 
shock  of  the  operation,  and  seeming  but  little  afiected  except  in  some  easily 
recognized  particulars.  The  principal  experimenters  upon  this  subject  have 
been  Rolando,  Flourens,  Mageudie,  Hertwig,  Longet,  Schiff,  Brown-8equard, 
and  Wagner.  It  is  not  to  be  exj)ected  that  there  should  be  an  exact  con- 
formity among  the  results  obtained  by  all.  Every  one  who  has  been  engaged 
in  physiological  experiments  is  aware  of  the  amount  of  difference  caused  by 
verv  minute  variations  in  their  circumstances;  in  no  department  of  in<iuiry 
is  this  more  the  case,  than  in  regard  to  the  Nervous  System  ;  and  such  dif- 
ferences are  yet  more  likely  to  occur  in  experiments  made  upon  its  centres, 
than  in  those*  which  concern  its  trunks. — The  investigations  of  Flourens* 

'  Rccberches  Experim.  sur  les  Propri^tcs  ct  Ics  Fonctions  du  Systeiue  Ncrvuux. 
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ieem  tLe  most  deaf  ftiid  decisive  m  their  re^ulU;  mid  of  tlie^e  vrcfUOie' 
coj'tllugly  take  a  general  survey.  He  found  that,  when  the  Cerebellmiru 
tn eeli a ii  i eal ! y  i DJ  u  re(^ ,  th e  an i  m ak  gave  no  si gn s  a f  ^ens i  b i  I  i  t y ,  oor  wo* ' ' 
affected  with  convid&ioiis.  WheD  the  Cerebeliiim  wns  btjing  ranof^  ; 
Bueceasivc  sliceg^  the  animals  became  restleg^*  and  their  movc^iiMTtiti  wm 
irregular:  and  hy  the  time  the  last  portino  of  the  organ  «='-  -'ii^  :i«mT,U« 
animals  had  entirely  lost  the  power  af  springing,  fiving*  i^uoohft 

and  prei^erving  tlieir  equilibrium, — in  short,  of  perforriiiu-  ^.jj  eotthiM 
luuseular  movements,  which  are  not  of  a  dimply  reflex  eharacten  Wh<ii  is 
animal  in  this  ?tate  was  laid  upon  the  bat-k,  it  could  uot  reeuver  lU  §nrms 
posture  ;  but  it  fluttered  its  wings  and  did  nut  lie  in  a  state  of  (slupor  Wba 
piaeed  in  the  erect  position,  it  staggerfd  and  fell  like  a  dt  *  i  an^-Hul, 
however,  without  making  efforts  to  maintain  it*  balance.  iiwrtcii 

with  a  blow,  it  evidently  saw  it,  and  endeavored  ti>  avoid  it,     I  -^m 

that  the  animal  had  in  any  degree  lost  voluniary  power  ov^r  t>  nj- 

clcs;  nor  did  sensation  apjxmr  to  he  impaired.     The  f:  I'f 

act  i  on  a  of  t  h  e  m  uscl  i^  i  n  g  r  ou  ps ,  h  o  we  ve  r ,  wa^^  co  m  i  >  I '  'J 

so  far  as  those  aetiona  (like  llmt  of  Respinuion)  were  dv\ 
the  reflex  function  of  the  Spinal  Cord,     The  expcrimeub  ;   :  ;► 

results,  when  made  ujioo  each  class  of  VeKchrated  auimals;  i  lu 

been  since  ref>eated,  with  nearly  eorrei* ponding  effeets,  by  Boyj i ,  .  ;, 

and  by  many  other  experimenters.^    Wagner  found  that  the  r! 
produced  in  Pigeons  from  which  he  had  removed  the  whole  lu   i  k  ^i,AUi 
part  of  the  Cerebellum  were--!.  A  remarkable  teudency  on  tb*»  fj«ft  of  dif 
aninml  to  throw  itself  on  one  side,  and  to  keep  the  legs  cor.,    '  '   '    rxtetiflrti« 
wllh  an  indisposition  to  move  them,  though  it  was  still  ev  upaMeti 

flesing  tliem  by  an  effort  of  the  wilL     2.  Toreiou  of  the  bead  uii 
3,  Persistent  trembling  of  the  muscles  of  the  body  generally,  r 
jmruhj^iif  a^itam.     4.  Vomiting  frequently  aeconipanied   by 
evacuations;  and  5,  The  animals  became  thinner,  the  tcath<  - 
the  temperature  was  much  depressed.     No  symptoms  wer 
reference  to  the  generative  organs.     The  perceptioo  of  ^ 
performance  of  psychical  operations  appeared  to  be  perfect ;  and  ih«iufHi 
Voluntary  control  over  the  muscles  was  somewhat  impaired,  it  wsis  maafTertlj 
not  altogether  lost.     Hertwig,  and  especially  Dal  too,*  have  inonpiivef  iko«i 
that  in  pigeons  a  very  considerable  portion  (twtvthirds)  of  th*^  *^  '^^-^r 
niayl>e  removed  with  so  little  disturbajiee  of  the  voluntarv  uv 
after  a  few  days  the  e fleets  were  suarcelv,  if  at  all  pc-rceptildt\     ±.ii^ 
serves  that  the  result^!  of  trritatiou  of  the  Cerebellum  are  tisuallr  vumi 
ceplialalgia,  convulsions,  and  aflcetions  of  the  pupil,  stmhitimn 
etc. ;  and  he  believes  that  in  every  case  of  ej^ tensive  disnti**  id"  1 1 
there  are  concurrent  symptoms  of  disorder  of  the  mu!«cular  mtAi muUi» tfi* 
dicative  of  defect  or  aWnce  of  the  '*  mu.*cular  Pcnse." 

540.  It  was  further  affinned  by  Mngeudie,  that  the  remo%*al  of  the  Ofl^l 
bellnm,  or  the  infliction  of  a  deep  wound  in  its  sul^staooe  on  both  fidrs^ocoj^^ 
gioDi^  the  animal  to  move  hachrarfh  as  if  by  an  irrpi"ij*tiblp  impulNr;  addlUi 
be  attributed  to  the  retrogmile  power  of  the  Oprporu  Striata*  whirh  ac»«  ifti 
without  its  due  balance.  That  such  a  movement  d«»e^  mmeUmf^  pcani 
ftseli'  after  such  iDJuriea  as  have  been  described,  caiiuot  be  ttttciijoimt lilt 


<  8ee  Wui^ner,  in  Brown-St^unrdV  J  on  rn  ill  de  la  PhyNjnt.,  T^" 
Lus^sHhu  in  idem,  lflH2,  p.  418,  18fi3,  p.  llQi  MM.  Lpvph  mitt  IH 
4«<  M(*d,,  Nov.  luid  Di'C,  Wt\2  ;  Dtikim,  Aioeflc«fi  JiKininl  t*r  M«h;, 
jlIL  P^  BI]  I  Briiwti*St»qiiHrd^  Ct'riiriil  Ni^rvnu^  Syt-tt-rn*  IMGO. 

*  Amor.  Journ.  ot  Med.  Sdenceij  ISiil,  voL^li^  p.  88. 
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Act  having  been  conRrnied  by  other  experimenters ;  but  it  is  a  phenomenon 
of  such  rarity,  that  it  cannot  be  rightly  considered  as  having  any  direct  de- 
pendence upon  the  injury  of  the  Cerebellum,  but  must  be  rather  set  down 
to  some  accidental  complication  or  concurrent  disturbance;  more  especially 
since,  as  already  pointed  out  (§  545),  the  function  attributed  by  Magendie 
to  the  Corpora  Striata  has  no  real  existence. — But  the  results  of  section  of 
one  of  the  Crura  Cerebelli,  which  were  first  obtained  by  ^lagendie,  are  much 
more  constant ;  for  the  performance  of  this  operation  causes  the  animal  to 
fall  over  upon  one  side,  and  to  continue  rolling  upon  its  longitudinal  (u*w, 
even  as  fast  (\n  some  instances)  as  sixty  times  in  a  minute,  the  movement 
going  on  for  many  days  without  intermission.  There  is  a  remarkable  differ- 
ence in  the  statements  of  different  experimenters,  however,  as  regards  the 
direction  of  this  rolling  movement ;  for  whilst  Magendie  and  Miiller  affirm 
that  it  takes  place  towards  the  injured  side,  Longet  and  Lafargue  assert  that 
it  takes  place  from  the  injured  side  towards  the  opposite  side.  This  dis- 
crepancv  appears,  from  the  experiments  of  Schiff,*  to  be  due  to  a  difference 
in  the  locality  of  the  section ;  for  he  states  that  if  the  peduncle  be  divided 
from  6^/uW,  the  animal  turns  toivards  the  side  on  which  the  section  is  made; 
whilst  if  the  section  be  made  in  front,  the  animal  turns /rom  that  side  towards 
the  opposite  one.  This  difference  is  explained  by  Longet,  by  the  diilerence 
in  the  course  of  the  anterior  and  posterior  fibres  of  the  ]>ed uncles :  for  accord- 
ing to  him,  the  former  communicate  with  the  decussating,  and  the  latter  with 
the  Don -decussating  portion  of  the  motor  tract;  so  that,  when  the  former  are 
injured,  the  animal  loses  control  over  the  muscles  of  the  opposite  side,  and 
when  the  latter,  over  the  muscles  of  the  same  side.  This  rolling  movement 
IB  attributed  by  some  to  the  continued  activity  of  the  muscles  on  one  side, 
now  unbalanced  by  that  of  the  muscles  on  the  other;  but  if  such  were  the 
ease,  as  Longet  justly  remarks,  it  ought  to  occur  more  frequently  than  it 
does  in  cases  of  ordinary  hemiplegia;  and,  according  to  that  experimenter, 
observation  shows  that  it  ratner  depends  on  a  tidMng  movement  of  the 
spinal  column,  especially  affecting  its  anterior  portion,  and  dragging  the 
posterior  (as  it  were)  after  it.^  Thus  M.  Brown-S6quard,^  who  has  sliown 
that  similar  rolling  movements  may  be  produced  by  lesions  of  other  parts  of 
the  nervous  centres,  as  the  Spinal  Cord,  Medulla  Oblongata,  and  Pons,  ob- 
serves that  the  movements  do  not  resemble  those  effected  by  voluntary 
muscles;  but  that,  in  consequence  of  the  tonic  contraction  into  which  some 
muscles  are  thrown,  the  trunk  and  neck  of  the  animal  are  twisted  as  far  as 
the  bones  will  permit,  into  the  form  of  a  corkscrew.  He  attributes  the  phe- 
nomena in  question,  which  the  animal  evidently  endeavors  to  check,  to  the 
irritation  of  a  peculiar  set  of  nerve-fibres  not  usually  employed  by  the  will, 
the  division  of  which  does  not  cause  panilysis,  though  they  may  serve  as  the 
conductors  of  powerful  motor  impulses  to  sj>ccial  groups  of  muscles.  MM. 
Leven  and  Ollivier,  oi)erating  on  guinea-pigs,  found  that  pricking  the  Cere- 
bellum produced  well-marked  movements  of  rotation,  usually  }>r()cee(ling 
from  the  side  injured  towards  the  opposite  side.  They  did  not  observe  any 
disorders  of  the  alimentary  canal  similar  to  those  noticed  by  Wagnor  and 
others,  after  ablation  of  portions  of  the  Cerebellum.  Hitzig*  found  that  by 
electrical  stimulation  of  the  lobes  of  the  vermiform  process,  he  was  able  to 
cause  the  eyeq  to  turn  to  the  right  or  lefl,  or  one  upwards  and  the  other 
downwards. 

55().  The  information  supplied  by  Pathological  phenomena,  when  inter- 

'  D«  vi  moloriii  bazoos  cnrcphali  iiiquisitit>n«^s  cxiioriincntaU'S,  Bockenhcmii,  1815. 
.»  See  hi*  Truit^  de  Physiolopip,  t(.m.  ii,  p.  408,  18G0. 

*  CentrMi  Nervous  Svbtem,  isr,0,  p.  103. 

*  Untcrsuchungen  Qber  dus  Gchirn.,  1874. 
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pretcd  with  the  eautiona  formerly  referred  U),  h  found  on  the  nbok  to  o^ 
mdde  with  that  obtaitjed  from  experlrnetjt.  In  liie  ftmt  pUci-,  It  fuRym^ 
pnrtsi  the  eondustinn,  that  the  C^erebelluni  ig  not  in  any  wity  llie  iiiilr«»al 
of  jmfchiml  operations.  Infianiin&Uoi)  of  the  tnetn bra ties  covering  H,  ir«M» 
iined  to  that  part,  does  not  prodnc**  delirium;  and  lu  almost  ecioipleied^ 
itruction  by  gradual  softening  does  not  ap]i*ear  uecer«8arily  lo  Ir-  ^-  i-**  4 
iuteHectunf  power,     *'But/^  remarks  Audrul,  **  whilst  the  ebm  ; 

gence  were  variable^  inconstant^  and  of  little  im  porta  nee,  the  U^M»n-'«  og 
tion,  on  the  contrary,  were  observed  in  all  the  ca**e?  [of  softening]  exe 
and  in  this  it  is  not  quite  certain  that  raotion  was  not  interfered  witlj.** 
the  result  of  An  dm  Ps  analysis  of  as  many  as  ninety -three  cases  of  dmiyriif 
the  Cerebellum/  is  not  favorable  to  the  doctrine  to  which  ihe  n*$^llj  of  Op 
periments  seem  to  point:  but,  as  it  hiis  been  iuitly  remarked  by  L-Ttsj^,  ite 
eift^cts  of  the  disease  are  only  partlv  comparable  to  those  of  ex|  >  rz? 

in  a  large  proportion  of  chronic  disorders,  the  changes  ccm*i-' 
tion  of  a  new  product,  such  as  a  tubercular  or  cancerous  il 

some  kind,  the  gradual  development  of  which  b  quite  l  

etrntinued  fuoeti<mal  activity  of  the  organ,  as  we  see  by  parallel  phtit 
elsewhere;  whilst  in  those  instances  in  which  hiemorrhage  occurs^  lin* 
occasions  either  complete  apojileij  or  local  paralysis,  hv  it^  efieci*  uptmi 
organs.     Still,  ^veral  casfe*  of  chmnic  diseai*e  of  the  t'^rebelluni  h«T 
observed,  in  which  undea.dhieM  0/  ^aii,  without   panilysid,  or  only  gf? 
place  to  paralyjsts  at  htst  ou  the  occurrence  of  hfemorrlmjj^^  w»»  • 
marked  symptom;*  and  the^  afford  a  strong  eoofirmiuion  of  the  dfictiMt 
bn^  on  the  expenmental  re^Mearches  already  ret^rred  to.     In  a  few  lat 
vhich  both  lub^a  of  the  Cerebellum   have  been  s^erioosly  affected,  ibri 
ency  to  retrograde  movement  has  been  observed;  and  ttistancei>  ^rv  1 
reconi,  of  the  occurrence  of  rotntory  movement,  which  \ia^  hrrti  rrmrt4l 
conneetetl  with   le^on  of  the  Crus  Ce rebel li  on  the  smm 
they  can  be  relied  on,  therefore^  the  results  of  the  three  n 
gation  bear  a  very  close  correspondence ;  and  it  can  acarcetj  he  lioilbEeii  1 
they  afford  us  a  near  approscimation  to  truth. 

551.  It  must  not  be  alio  wet!  to  pass  unnoticed,  that  some   Phyimin 
(as  Fovillc*  Finel-Gi-andehamp,  and  Dug^s)  have  regarded  the  C« 
as  the  centre  of  common  Sensation ;  chiefly  on  the  ground  of  h»  coo 
with  the  poHterior  columns  of  the  Spinal  Cord  and  of  the  mauil^etatia 
pain  which  are  called  forth  by  touching  the  restiform  caliimnfi.    AllI 
these  facts  may  lead  us  to  admit  that  the  Cerebellum  ia  oono acted  witli  ( 
sensorial  centres,  and  even  that  it  is  itself  a  seat  of  eensibHity,  yiA  it  u^ 
pf^ssible  to  regard  it  as  the  exclusive  seat  of  seusibilih  '  i\*t 

facts  with  which  experiment  and  pathological  oWer.  fut 

neither  the  removal  of  the  entire  organ  by  operation,  h  pt^sfi*  ik^ 

ttniction  by  diieaae,^  has  been  found  to  involve  any  la^  ^^i  ittwy  1 


*  St'C  hii  CMnique  Mddk'jilej  2dme  edit.,  torn,  v,  p.  7S5, 
'  T^vti  ?iich  tiLfti's  iiro  ret^orded  by  Mr.  Dunn  in  the  Me<l-Chir,  Trmm.,  rel,  \ 

and  unolber  hy  Dr.  C<>wan  in  the  Pn»F.  MwL  Hnd  Surg,  JtMjrn,,  April  ia«Ii,1 

and  the  Author  hiiS  bupn  niade  actiiminttd  with  ftevorai  uthenit  b?  fwfiilp<iii;n  o»W 
whtn^e  coi£iiJ3tunce  th«^y  hiivo  fitJka.  Sev  aI^o  VHrttms  piip«rt  by  llii^Kliftgt  Jmkfm 
in  Mfd.  Tiiiip*  Mnd  G«zette. 

'  A  cctllcctiutj  of  filch  cuaea  bw  lw?*n  m^de  by  Dr,  PaifPt,  In  hU  fmfM^Ao  ! 
Hhyibniiejil   Movements,  in  the  Edinb    Mini   »ind  Sur       '  "    '    '~ 

A  cHi-o  *me«*  fell  within  Ibt*  Author'^*  knnwh-dets  in  \\ 

lufittd  fur  6i>me  hour**  Appeiiri'd  to  depend  upon  nn  stUi..^  -.-^   i..i*t--  -.*.  o  .  t.* 

tonif*  beini*  LHtrapletHj  reliuvt^d  by  vmtiiLing,  and  no  further  indkntioa  yf  fiitot|»iMbi 
d»M>rd**r  nmni resting  it?elt 

*  Bvv  the  wvlUknowa  cBte  recorded  by  CoDibetU^  in  the  Revue  M6dUmKt  l4«f^<J 


THE   CEREBELLUM,   AND   ITS    FUNCTIONS.  679 

■orial  power?. — ^There  would  seem  much  more  probability  in  the  idea,  that 
it  18  the  special  seat  of  the  ''  muscular  sense/'  which  has  so  important  a  share 
in  the  guidance  of  the  co-ordinated  movements  (§  536);  and  this  notion  de- 
rives confirmation  from  the  marked  structural  connection  which  exists  be- 
tween the  Cerebellum  and  the  Optic  Ganglia  (corpora  quadrigeniina),  the 
purpoae  of  which  may  be  not  unfairly  surmised  to  be,  to  communicate  the 
gaidance  of  the  visual  sense  to  the  organ  by  which  the  co-onli nation  of  mo- 
tious  is  effected,  in  the  same  manner  as  the  impressions  appertaining  to  the 
''muscular  sense"  are  transmitted  upwanls  by  the  Restiform  columns.*  The 
chief  objection  to  such  a  view,  would  seem  to  lie  in  the  strong  similarity 
between  the  "muscular"  sense  and  "common"  or  "tactile"  sensation, whicn 
makes  it  difficult  to  conceive  that  they  should  have  different  seats  in  the 
Sensorium  commnne.  But  this  difficulty  is  diminished  if  not  removed  by  the 
reflection,  that  the  Restiform  columns  appear  to  have  the  same  endowments 
aa  the  remainder  of  the  Sensory  tract  derived  from  the  posterior  columns  of 
the  Spinal  Cord;  and  that  no  explanation  can  be  given  of  their  extreme 
sensitiveness  to  impressions  (as  shown  by  experiment),  unless  it  be  admitted 
that  the  organ  in  which  they  terminate  is  itself  a  centre  of  a  form  of  sensa- 
tion closely  allied  to  that  of  the  C4)mmon  or  tactile  kind.  Possibly,  how- 
ever, the  true  termination  of  these  fibres  is  in  the  "corpus  dcntatum"  of  the 
Crura  Cerebelli ;  and  the  Cerebellum  may  react  upcm  impressions  thence 
transmitted  to  it,  without  being  itself  the  instrument  of  communicating  such 
impressions  to  the  consciousness.^    Dr.  Laycock'  states  that  the  cousidera- 

*  Thia  view,  9ugjE|:chted  many  yeiirg  since  by  the  Author,  h«!»  been  recently  sup- 
ported in  ihit  nble  napcrs  by  M.  Ph.  Lussanu  in  tho  Journal  do  Iti  I^hysiologii*,  torn. 
▼,  1862,  p.  481,  ana  turn,  vi,  p.  169;  an<l  aldo  by  Mr.  Robert  Dunn,  in  hi^  £s<ay  on 
PbyBiological  P^ycho)ogy  (London,  18-38),  who  uiso  places  the  centre  of  ihe  muscular 
■en&e  in  the  corpus  rhoinboidaleof  tho  C»»rebellum. 

■  M.  Brown-S6.)uard  (Journ.  de  la  Physiol.,  vol.  i,  1858,  p.  680)  and  Wajijner  (Op. 
dt.)  have  arrived  at  almost  purely  nejjative  results  in  regard  to  the  function  of  tho 
Cerebellum.  The  former  experimenter  holds  that  thi?  organ  i:*  n'>t  a  nervous  centre 
for  sensitive  impretssions  nor  for  consciousness,  nor  is  it  even  a  part  through  which 
the  conductors  of  motion  or  of  sensation  pass;  for  he  believes  that  no  idea,  emotion, 
or  voluntary  act  is  suppressed  as  a  consequence  of  lesion  of  it:*  structure.  H«*nce  ho 
maintain*,  that  it  is  not  a  centre  f(»r  the  faculty  of  balancing  or  co-ordination  of  the 
iymmetrical  movements  of  the  body,  and  that  when  paralysis  is  ob!*vrved  afi(»r  lesion 
of  its  structure,  it  is  occasioned  (when  the  paraly>is  is  on  the  opposite  side  of  the  body) 
by  concurrent  lesions  of  other  parts,  as  the  Pons  Varolii,  tho  Medulla  Oblongata,  or 
the  Cerebral  peduncles;  whilst,  when  the  paralysis  is  on  the  same  side,  it  is  uxnnlly 
due' to  irritation  of  certain  parts  of  the  Cerebellum  reacting  on  other  parts  of  the  En- 
cephalun,  though  even  from  this  cau^^e  the  paralysis  may  sometimes  (>ccur  on  tho 
opposite  side.  Though  he  does  not  admit  it  to  be  a  centre  for  auditory  or  visual  im- 
prewione,  he  acknowledges  that  it  has  a  s]tecial  influence  on  vi^^ion,  having  collci>ted 
OOcaites  of  amaurosis  accompanying  disease  of  its  structure.  (iSee  also  on  this  point 
the  works  of  Lussann,  Luys,  and  Rmzi.)  He  has,  in  a  morn  n'ceiit  pa|)er  (J«>urn.  do 
la  Phys.,  180:2.  torn,  v,  p.  486),  attributtni  the  various  effects  of  Cerebellar  lesion,  as 
amaurosis,  vomiting,  cephalalgia,  dilatati<m  of  the  pupil,  general  or  local  c(»nvulsive 
movements,  epilepsy,  hemiplegia,  general  debility  and  disordered  movements,  con- 
traction of  particular  muscles,  strabismus,  hyperu^sthesia,  noises  in  the  ears,  and  ex- 
aggeration f>f  the  sexual  desire,  to  irritation  of  the  Cerebellum,  and  not  to  loss  of 
/unction.  He  compares  these  effects  with  those  produced  by  worms  in  the  intestines. 
Wagner  believes  that  this  organ  may  become  the  jxtint  de.  liiparioi'  a  direct  (not  reflex) 
Irritation  for  certain  organic  muscles,  as  for  those  of  tho  abdominal  viscera.  g«^nera- 
ti^e  organs,  and  also,  probably,  for  tho  heart.  Schiff,  at  the  condu'^ion  of  his  section 
on  the  Cerebellum,  states  simply  that  'Hhe  functions  of  this  organ  are  still  unknown;" 
vhilst  Lus.'^ana,  in  the  essay  already  quoted,  Hnishes  by  observing  that  the  muscular 
§eHse  and  the  erotic  sense  are  the  two  essential  functions  of  the  Cerebel  lum.  Prideaux, 
Med.  Times  and  Gaz.,  1804,  ii,  p.  840,  adduces  evidence  to  show  that  the  lateral  lobes 
are  the  centres  of  cutaneous  sensibility,  whilst  the  central  lobe  is  the  centre  of  mus- 
cnlar  eensihility. 

•  Med.  Times  and  Gaz.,  July  12th,  1878. 
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tioti  of  a  larg^  anil  varied  ^ries  of  ftacU  Imvc  h(\  him  to  the  eoocliifiiio  till 
the  Cerebt^ Hum  with  i U  coii u ect ion  cl 1 1 iv i> w n rd «  n  1  on g  t li e  met  1  ul la  iitiloit|*ili 
and  ^piiml  eord,  aud  upwards  into  the  herni&phere««  is  the  great  Uoj^ 
ceotre,  Thii*  eeutre  may  be  excited  to  iuiictioufil  activiiVt  uoi  t^r^K  VvaiTi--- 
ent  ireipmsaiong  fn>m  lUe  bcMly,  whether  cou&cioii»ueff8  be  coir 
but  also  by  iifierent  inipreasion^  from  the  vast  periphery  uj  Ljiti  .^i^iifii 
hemi^^phere^  and  iti  this  case  ab>  whether  eoijeciousuea*  be  eoifteiikflft mt 
not;  in  ghort*  that  the  cerebral  henii^^phei-eg  are  not  funcUoaaJly  raHiicttl 
to  intellectual  proce^^rse^,  as  is  generally  held,  nor  the  eercbeHuui  to  iMBe»* 
lar  coordination,  but  that  both  conjointly  influence  the  whak  of  the  orptm 
prDCies^se*!* 

65ti.  We  have  now  to  examine,  however,  another  doctrine  n^^rdsiigAl 
functions  of  the  Cerebellum,  which  \\m  fim  iiropoundcfl  by  Gull,  ami  vibdl 
b  KU|>ported  by  the  Phrenological  ecluiol  of  phyj'iulogijsu?,  ^fbis  t}oc;rniMbl 
the  Cerebellum  k  the  organ  of  the  sexual  insuuct,  is  not  incomfiaUUe  timli 
the  other:  and  by  eome  it  lias  been  held  in  combination  ivith  it.  TbegiMMT 
number  tjf  Phrenologist;?,  however,  regard  this  inatinct  as  the  exeluMtt  foub- 
tion  (if  the  Cei^helinm ;  and  assert  that  they  can  judge  of  its  iniroiiiCT  by 
the  degree  of  development  of  the  iirgan.  We  ihall  now  examin*^  f  H-  -  *^W^fn*-* 
in  support  of  this  position,  affonk*!  by  the  three  methods  of  v 

have  been  alraidy  indicated. — In  the  first  place  it  may  bf!  r-  i*: 

the  sexual  propensity  is  very  closely  connected  with  various  Ei  .'- 

of  mind,  to  which  **orgaDa^'  are  a^igneil  by  Phi-enuhjgiM^j  iinn  n  niiicii 
the  Cc  r  u  lie  Hum  is  t  j  n  i  v  e  rsal  1  y  ad  m  I  tt  ed  I  o  be  t  ht^  sea  t ;  s  y  c  h  fo  r  i  tt.<tjiDc«  m 
'*  love  of  olfspriug,"  **  adhesivei^ess*.-*  and  (in  the  lower  animnl 
tilarly)  **  combativeness;*'  whilst  in  Man  it  haj  a  eontional  *  . 
the  reasoning  faculties  and  the  WilL     Yet  the  auatomical  i 
the  Cerebellum  are  peculiarly  unfavorable  to  any  such   Inl!  . 
being,  as  we  have  seeu»  rather  with  the  lower  than  with  the  1 
of  the  Cerebro-spinal  axis. — Agaiu^  the  results  of  fair  observm 
comparative  ssize  of  the  Cerebellum  in  different  animab,  ean  wmm^f  fct 
regarded  as  otherwise  than  very  unfavorable  to  t lie  doctrine  in  qm>ttiio-'— 
It  is  as^rted,  however,  that  the  results  of  oliservation  in  Man  h^d  I'*  • 
positive  coiiclu!!iion,  that  the  siic  of  the  Cerebellum  is  a  mea^sun?  of  the  i»-, 
tensity  of  the  K^xuat  instinct  in  the  individuah    This  as^rtion  ba#  booo  i 
by  the  counter-statement  of  o the rs<,  that  no  such  relation  exi^t*,     '' 
filrturiate  that  here,  as  in  many  other  instances,  each  party  ha«  r 
the  observations  favorable  to  itJS  own  views,  rather  than  those  of  an  i-itp 
charat'ter ;  so  that  until  some  additional  evidence  of  a  l&m  {lanial  i 
ehall  have  been  collected,  we  must  consider  the  question  m  ^  * 
may  be  safely  affirmed,  however,  that  no  evidence  upon  the  »»*■ 
of  this  proposition  has  yet  been  adduced,  which  can  be  in  tS 
satisfactory  to  the  mindof  any  Aualomis^t  who  k  wmifw^tent  > 
value.     For  nearly  all  the  ob^iervations  which  have  t>een  pani'  ^'^ 

ologisEi  in  support* of  GalTs  doctrine,  have  been  ba^ed.  not  ii(  ur 

deter  mi  fiaiion  of  the  si^e  or  weight  of  theCerebeMum  in  diffefent  indsvi^iiMK 
but  upon  an  p.ftimuie  of  its  proportional  devehppmeut  from  the  exu*"--!!  ^'►ft- 
formaiiju  of  the  skull,  ^ow  any  one  who  has  even  cursorily 
those  principal  types  of  cranial  conformation  which  are  ehj^-- 
some  of  the  chief  subdivisions  of  the  Human  specicw,  must 
there  k  a  no  le*a  characteristic  difference  between  t.he*fe  diflen  i 
occipital,  than  there  b  iti  the  frt>ntal  region.  Fiir  whilst  the 
jectioQ  is  much  grtofr^r  in  the  ''prognathoui*'  skuU  than  ii  k  in  ujc    <  lU 
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cal,"  it  is  as  much  less  in  the  "pyramidal ;"  and  thus  while  the  6rst  would  be 
DODsidered,  according  to  phrcnolugical  rules,  to  hold  a  much  larger  Cere- 
bellum, this  organ  in  the  latter  would  be  regarded  us  necessarily  very  small. 
Now  there  is  not  only  as  much  evidence  of  a  strong  development  of  the 
lexaal  propensity,  in  the  characters  and  habits  of  the  pyramidal-skulled 
Asiatics,  as  there  is  in  regard  to  the  elliptical-skulled  Europeans,  or  the 
prognathous  Negroes ;  but  there  is  also  anatomical  evidence  to  show  that 
the  size  of  the  Cerebellum  in  the  different  races  beam  no  relation  whatever  to  the 
decree  of  projection  of  the  occiput;  for  the  plane  of  this  organ  being  some- 
what oblique  in  the  elliptical  skull,  is  horizontal  in  the  prognathous,  and 
Dearly  vertical  in  the  pyramidal,  while  the  size  and  anatomical  relations  of 
the  organ  are  not  in  the  least  degree  affected  by  this  difference  in  its  posi- 
tiou.' — Hence  it  may  be  safely  affirmed,  that  no  evidence  with  regard  to  the 
relation  asserted  to  exist  between  the  size  of  the  Cerebellum  and  the  intensity 
Df  the  sexual  propensity,  has  any  value,  save  that  which  is  drawn  from  the 
pofiitive  determination  of  the  former  by  measure  or  weight. 

553.  Among  the  arguments  adduced  by  Gall  and  his  followers  in  proof  of 
tbe  connection  l)etween  the  Cerebellum  and  the  sexual  instinct,  is  one  which 
would  deserve  great  attention,  if  the  fact«  stated  could  be  relied  on.  It  has 
been  asserted,  over  and  over  again,  that  the  Cerebellum,  in  animals  which 
have  been  castrated  when  young,  is  much  smaller  than  in  those  which  have 
retained  their  virility, — being,  in  fact,  atrophied  from  want  of  power  to  act. 
Now  it  is  unfortunate  that  vague  a^ssertion,  founded  on  estimates  formed  bv 
the  eye  from  the  cranium  alone,  is  all  on  which  this  i)osition  rests;  and  it  will 
be  presently  shown  how  very  liable  to  error  such  an  estimate  must  be.  The 
following  is  a  result  of  a  series  of  observations  on  this  subject,  suggested  by 
M.  Leurety'  and  carrie<i  into  effect  by  M.  Lassaigne :  The  weight  of  the 
Cerebellum,  both  absolutely  and  as  compare<i  with  that  of  the  Cerebrum, 
was  adopted  as  the  standard  of  comparison.  This  was  ascertained  in  ten 
Stallions,  of  the  ages  of  from  nine  to  seventeen  yean*;  in  twelve  Mares,  aged 
from  seven  to  sixteen  years ;  and  in  twenty-one  Geldings,  aged  from  seven  to 
seventeen  years.  The  average  weight  of  the  Cerebrum  in  the  Stallions  was 
433  grammes ;  the  greatest  being  485  gr.,  and  the  least  (which  was  in  a 
horse  ten  years  old;  being  850  gr.  The  average  weight  of  the  Cerebellum 
was  61  gr. ;  the  greatest  being  ()5  gr.,  and  the  least  56  gr.  The  average 
proportion  borne  by  the  weight  of  the  Cerebellum  to  that  of  the  Cerebrum, 
was,  therefore,  1  to  7.07;  the  highest  (resulting  from  the  very  small  Cere- 
bnini)  being  1  to  6.25;  and  the  lowe!*t  (resulting  from  an  unusually  large 
Cerebrum)  being  1  to  7.46.  Throughout  it  might  be  observed,  that  the 
yariation  in  the  size  of  the  Cerebellum  was  much  less  than  in  that  of  the 
CSerebrum. — In  the  twelve  Mares,  the  average  weight  of  the  Cerebrum  was 
402  gr. ;  the  highest  being  432  gr.,  and  tjje  lowest  363  gr.  That  of  the 
CSerebellum  was  61  gr.;  the  highest  being  ^(S  gr.  (which  was  in  the  individual 
with  the  smallest  Cerebrum),  and  the  lowest  58  gr.  The  average  pr(»portion 
of  the  weight  of  the  Cerebellum  to  that  of  the  Cerebrum  was  1  to  6.59 ;  the 
highest  being  1  to  5.09,  and  the  lowest  1  to  7.  The  proportion  was,  there- 
fore, considerably  higher  in  the  perfect  female  than  in  the  jXTfect  male. — 
In  the  twenty-one  Oeldinys  the  average  weight  of  the  Cerebrum  was  419  gr.; 
the  highest  being  566  gr.,  and  the  lowest  346  gr.  The  average  of  the  Cere- 
bellum was  70  gr. ;  the  highest  being  76  gr.,  and  the  lowest  64  gr.     The 


'  The  Author's  statements  on  this  point  are  based  on  the  very  decided  assertions  of 
hii  Ute  friend,  Prof.  Ketzius  of  Stockholm,  who  paid  special  attention  to  this  in- 
quiry. 

'  Anat.  Comp.  du  Systfeme  Nervcux,  torn,  i,  p.  427. 

44 


FOKCTIONS   OF    THE    CERKBEO-SPIKAL    KERTOUS   STitlM. 


average  proportkiii  wa-i,  therefore,  1  to  5,07  ■  tlie  Highest  being  I  tii  ixl$» 
and  the  lowest  1  Uy  7.44.     Ii  is  Liirioa§  that  thi»  last  was  in  the  iniiii" 
which  had  the  largest  Cerebellum  of  the  whole;  bot  the  [inipiiftioraili 
of  1 1 i e  Ce rehni m  was  h 1 1 1 1  g rea le r, — B ri  ii g i  r  i  \'-  t , , ,  ^  ?  1 , t- r  the  r*-* n  I  r .  n r 
observations,  they  are  found  to  b*;  quite  i:>\  the  stai- 

The  weight  of  the  CerehruEii,  reekoning  tht  .  ,.iM'  ^iuiii  as  **u^.  i^ 
pressed  iti  each  of  the  furegoiDg  de^iriptioua  of  auiitmU: 


Still  lions,  . 
Mare§, 
Gelding*^ . 


The  nvemge proportimial  *i2e  of  the  Cerebellum  io  Oeldin/v  th*  ft  f*.n   «ii 
far  from  being  ^-^  than  «hat  whiih  it  bears  in  entire  I  lor-  tl 

Jt  is  poaitivejy  greater;  and  thii^  dejjends  not  only  no  diou**-.  .»  neii-1 

tive  siaie  of  the  Cerebrum,  but  on  m  own  larger  dUueomoos,  a9  the  foUcmt^ 
eomparUon  of  ubeolnte  welglits  will  aliow  : 

Ar«r«gr.  IlIglk'Mt.  LftVal. 

SUlHohi, .         ....       til  m                   M 

MHres      .         .         .                  .       <I1  Ct^                    m 

GddingSp.        ....       70  76                   ai 


Averftije. 

Ul||ti««L 

Urmw^ 

7  07 

7.4*5 

#1.25 

15  m 

7.f»0 

60» 

6.*J7 

7.44 

6ie 

The  difference  is  so  remarkable,  and  appears^  from  i  v 
vidual  re^ultsS  to  be  &o  constant^  that  it  cannot  be  ntti 
circu instance  arising  out  of  the  small   number 
The  average  weight  of  the  Cerebellum  m  the  tei? 
is  «?en  to  be  the  same,  and  the  extremes  differ  hut  iiitie  in  ih 
the  average  in  the  Geldings  is  more  than  one-seven  I  h  higher 
18  considerably  above  the  average  of  the  preceding,  mhib  the  3 
ceedg  the  highest  among  the  entire  Horses,     li  xs>  curvoua  th; 
have  been  much  nearer  the  trulh,,  if  he  had  said  that  the  dinj 
Oerebntvi  are  iisuallTT  reduced  by  castration  ;  for  it  ap|»ears  fi 
ing  table  that  such  ts  really  the  ea?^ : 


KUll    HJr    JU 


Geldiii*^,  , 


II  (filial.  T- 

Ids 

om  346 


The  weight  of  the  largest  Cerebrum  of  the  Gelding  is  far  aV^ve  t!i^  h\^^ 

of  the  Stallions ;  but  it  seems  to  have  been  an  extmordifr 

other  was  the  weight  above  490  gr.     If  this  one  br  eX' 

will  be  reduced  still  further,  being  then  about  41*2;  ihis  may  %*   -- 

looking  over  the  whole  table,  to  give  a  very  fair  idea  of  the  y^i   i' 

these  animals,  which  is  therefore  le^,  by  a6out  one*lvvt»ntieib,  vr^| 

age  iu  the  Btallion. — The  increased  size  of  the  Ci-rebellura  in  '  *» 

perhaps  be  a  ceo  uu  ted  for^  by  remembering  that  this  cla^a  of  li 

employed  for  its  muscular  power,  and  that  the  conKtant  exercl^r  m  u^v   ..;-- 

la  not  unlikely  to  develop  its  size  i  whiUt  Stallions,  being  ke|iC  es^pemltf 

for  the  purpose  of  propagation »  are  much   ic^  applied  to  nccufmliooM  mkm 

call  forth  their  motor  activity. 

554.  It  i^  asserted »  however,  by  the  ftd lowers  of  Gull     '  <  -^mf 

evidence  of  the  truth  of  this  doetrine  ih  alforded  by  Vtvj  i*- 

ena  :  excitement  of  the  genital  oi^ans^  mauifesting   "  ^>ru|tt»tii,  tll^ 

g^<-enee  of  the  tei»te#,  and  eeminal  emis&ions^  being  an  v  CfOeofit»>t 

of  eome  forms  of  apoplexy  in  which  the  Cerebelium  ts  aifecticd ;  vUliI  I 
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Other  cases  of  disease  or  iniury  iuvolving  extensive  destruction  of  the  sub- 
Btancv  of  the  organ,  there  has  been  a  complete  abatement  of  sexual  desire. 
The  proportion  of  recorded  cases  of  disease  of  the  Cerebellum,  however,  in 
whicli  any  affection  of  the  genital  organs  has  been  noticed,  is  extremely 
small ;  for  out  of  178  cases  which  have  been  collected  by  Burdach,*  only 
10,  or  scarcely  more  than  1  in  18,  presented  any  symptoms  that  tended  to 
indicate  a  functional  relation  between  the  Cerebellum  and  the  Genital 
on^ns.  The  same  physiologist  affirms  that  similar  affections  present  them- 
selves when  the  Cerebrum  is  the  seat  of  the  lesion ;  and  there  seems  a  strong 
probability  that  it  is  solely  to  the  connection  of  these  organs  with  the  Spinal 
Cord,  that  such  affections  of  the  genital  apparatus  are  due.  For  erection  of 
the  penis  has  been  noticed  in  a  far  larger  proportion  of  cases  in  which  the 
Spinal  Cord  itself  has  been  the  seat  of  the  lesion ;  thus  in  15  cases  in  which  the 
cervical  portion  of  the  Cord  was  affected,  erection  of  the  penis  was  observed 
in  8 ;  and  in  13  cases  of  lesion  of  the  dorso-lumbar  portion  of  the  Cord 
erection  of  the  penis  took  place  in  3.'  It  is  well  known  that  erection  of  the 
penis  and  emissio  seminis  are  not  infrequent  phenomena  of  death  by  hang- 
ing ;  and  this  fact  accords  fully  as  well  with  the  idea  that  the  affection  of 
the  sexual  organs  is  consequent  upon  lesion  of  the  Cranio-Spinal  axis,  as 
with  the  doctrine  that  it  is  due  to  disordered  functions  of  the  Cerebellum. — 
It  has  been  suggested  by  Seri-es,'  who  collected  seven  cases  in  which  excite- 
ment of  the  genital  organs  was  coincident  with  apoplexy  of  the  median  lobe 
of  the  Cerebellum,  that  while  the  lateral  lobes  or  hemispheres  may  be  con- 
nected with  the  locomotive  function,  the  median  lobe  may  be  the  organ  of 
the  sexual  instinct.  Several  cases  have  been  recorded,  in  which  some  such 
zdation  appeared  to  be  indicated  ;  and  the  Author  has  been  made  acquainted 
with  at  least  six*  in  which  an  extraordinary  salacity  developed  itself  at  an 
■dvauced  period  of  life,  whilst,  concurrently  with  this,  or  following  upon  it, 
there  was  that  kind  of  unsteadiness  of  gait  which  may  be  held  to  indicate 
chronic  disease  of  the  Cerebellum.  In  one  of  these  cases  of  which  the  history 
ftnd  post-mortem  ap|>earances  have  been  carefully  recorded  by  Mr.  Dunn,* 
there  was  strong  evidence  that  the  excitement  of  the  sexual  propensity  was 
coincident  with  the  irritative  stage  of  incipient  disease  in  the  central  lobe  of 
the  Cerebellum,  and  that  the  abatement  of  the  propeui^ity  was  in  like  man- 
ner coincident  with  the  subsequent  destruction  of  its  substance  ;  whilst  the 
advance  of  the  disease  into  the  lateral  lobes  was  marked  by  impairment  of 
the  power  of  co-ordination  of  movement.  But  with  regard  to  all  such  cases, 
and  others  that  may  be  ranked  in  the  same  category,^  the  objection  of 
P^trequin^  holds  good,  that  when  disease  or  injury  affects  the  median  lobe 

*  Viifi  Brtue  und  L<^ben  des  Geliirns  (Leipzig,  1819-2JJ),  Bd   iii 

'  See  the  Traito  di*»  Muludies  de  Iti  Muelle  Epiniere  of  M.  Ollivicr  (d'Angcrs), 
Mine  ^lit.,  U>m.  iii,  316. 

•  Anatoinie  Compar6o  dii  Cervoau,  torn,  ii,  pp.  601,  717. 

*  Four  such  caeos  camo  under  the  notice  of  his  friend,  the  late  Dr.  Simpson  of 
York. 

•  Medico-Chtrur^ical  Transactions,  vrd.  xxxii. 

•  Thu»  a  case  has  been  comnumicutrd  to  ihi'  Author  by  Mr.  Turloy,  of  Worcester, 
in  which  the  sexual  desire,  which  hud  been  always  stronj;  through  life,  but  which 
bftd  been  controlled  within  the  limits  of  decency,  niunifested  itself,  during  a  period 
of  »ome  months  preceding  death,  in  a  most  extraordinary  degree:  on  post-mortem 
ezami nation,  a  tumor  was  found  on  the  Pons  Varolii. — And  he  Ijhs  been  informe*!  of 
•notht^r  ca.cc  by  Dr.  Evanson  (formerly  of  Duliliii),  in  whidt  u  young  officer,  on  the 
eve  of  marriage,  having  received  a  blow  on  the  occiput  by  a  fall  from  his  hnr.-e,  be- 
ctme  impotent,  without  any  other  disorder  of  his  bodily  or  mental  powers;  and  in 
the  distrcM  consequent  upon  this  discovery,  committed  suicide  on  the  morning  fixed 
for  hift  wedding. 

*  Sur  quelaues  points  de  la  Physiologic  du  Gervelet  et  do  la  Moelle  EpinidrOi  in 
Oaz.  Medicate,  1886,  torn,  iv,  p.  546. 
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of  the  ftreliellum»  the  Medulla  Oblongata  h  almost  eertnln  to  be  implicated  ' 
in  it ;  so  lhat»  m  the  evideDce  already  referrt-d  to  clearly  indicates  tiie  exist- 
ence of  a  tipecial  relation  lietween  the  geiJital  organs  and  the  uj>}jer  part  of 
the  Spinal  Axii,  no  positive  proof  i^  afllirded  l>y  them  that  any  portioQ  of  | 
the  Cerebellum  has  any  special  eonuection  with  the  f^enerative  fuuctioo. 

5^0,  The  Author  is  tar  from  denying  in  tofo,  that  any  peculiar  eomieciioti 
exists  between  the  Cere  bell  um  and  the  Genital  system  ;  but  if  the  e%*ideooi* 
at  present  adduced  iu  support  of  the  Phreiiologieal  position  be  held  Hifficieut 
to  establish  it,  in  defiance  of  so  nmny  opposing  considerations,  we  mu.-^t  bid 
a d i eu  t o  a  1 1  sale  reaso n i n g  in  Ph y s i ol o gy .  The  vfei j^h t  o J"  tes t i m oti y  a ppea ra 
to  him  to  be  quite  decided,  in  regard  to  the  connection  of  the  Cerebellum 
with  the  regulation  of  the  motor  fuucti^m  ;  and  as  an  adtiitional  argument  ia 
favor  of  this  view,  it  may  be  stated,  that  the  lobes  of  the  Human  Cerel>el- 
lam  undergo  their  most  rapid  development  during  the  first  few  years  of  life, 
when  a  large  number  of  complex  voluntary  movements  are  being  learned 
by  experience,  and  arc  being  associated  by  means  of  the  muscular  seusa- 
tions  accora]>anyiug  ihem;  whilst  in  those  animab  which  have,  immediately 
after  birth,  the  |xjwcr  of  regulating  their  voluntary  movement.^  for  definite 
obje^-'ts,  with  the  greatest  precision,  the  Cerebellum  is  more  fully  develijped 
at  the  timeof  birtlu  In  both  instances  it  is  well  formed  and  in  active  oper- 
atiou  (so  far  as  can  lie  judged  of  by  the  aiaouut  of  circulation  tb rough  it), 
long  before  the  eexual  inf^tinet  manifeiits  itself  in  any  perceptible  degree* — 
But  neither  doctrine  need  be  maintained  altogether  to  the  exclusion  of  the 
other;  and  there  are  many  among  the  Phrenologists  of  the  pre^ut  day,  who 
hold,  with  Berres,  ibat  whilst  the  hmHi»phert'^  of  the  Cerebellum  pos^esjs  the 
endowmentif  now  generally  assigned  to  them  by  Physio  I  ogi^^ts,  the  c^ntrtii 
hbt  is  connected  witli  the  Genital  function.  It  has  been  shown  by  Dr.  N. 
S.  Davis,'  however,  that  tljcre  k  no  peree  pillule  di  Here  nee  iu  the  dimensions 
of  this  central  lobe,  any  mor*^  than  in  those  of  the  hendsphcres,  between 
Bulls  and  Oxen ;  and  no  prt>of  hm  yet  been  oifered,  mve  that  atlbnleil  by 
the  pathological  evidence  just  referred  to,  that  any  such  endowment  is  poe- 
sessed  by  il>  That  lu  some  way  or  other,  however,  either  the  central  portion 
of  the  Cerebellum,  or  bo  me  part  of  the  Medulla  Oblongata,  has  a  special 
eonuection  with  the  Generative  function,  apf>earb  to  the  Author  to  l>e  indi* 
eated  with  tolerable  clearness  by  several  of  the  Pathological  phenomena 
ali^eady  cited.  The  eircumetauce,  too,  of  which  he  has  frequently  bt^n  as- 
sured, that  great  application  to  gyniuastic  exerciser  diminishes  for  a  time 
the  sexual  vigor,  and  even  totally  suspentls  desire,  seems  wortby  of  connd- 
e ration  in  reference  to  such  a  view;  for  if  the  Cerebellum  be  really  eonnec^fid 
with  both  kinds  of  function,  it  does  not  seem  unreasonable  that  the  ejceet- 
sive  employment  of  it  upon  one  should  diminish  iLs  energy  in  regard  to  the 
other, — An  analysis  of  the  nature  of  the  Sexual  projiensity,  bow^evcr.  sug- 
gestii  the  conclusion  that  we  are  not  to  look  in  this  [tart  of  the  EncephaloQ 
for  anything  else  than  a  seat  of  the  sexual  scnmtioii;  the  character  of  whieli 
seems  to  be  sufficiently  diflercut  from  that  of  mere  tactUe  sensathm,  to  re4|ulre 
a  distinct  ganglionic  centre.  Such  a  centre  would  be  likely  to  be  placed  in 
the  liue  of  the  other  sensory  ganglia,  and  iu  close  connection  with  tbem. 

55G.  As  iu  the  case  of  other  seusations,  the  Sexual,  when  mfKleraleiy  ex- 
cited, may  give  rise  to  ideas,  emotions,  and  desires,  of  which  the  Cerebrum 
is  the  seat;  and  these  may  react  on  the  nmscular  system  through  the  Intelli- 
gence and  WilL  But  when  inordinately  excited,  or  when  not  kept  m  r^ 
straint  by  the  Will,  the  sexual  sensations  will  at  once  call  into  play  res4jK>n- 
dent  movementa  which  are  then  to  be  regarde<l  as  purely  automatic ;  tliti  !i 


'  Trananctions  or  Americaa  Medictil  As«<»cintWEi,  voL  iil,  p.  415. 
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the  ease  in  NymphonmDia  and  Biitynasis  in  the  Human  iiibjeet ;  and  it  is 

{imbably  al?jo  the  ordinary  mode  of  operation  of  this  sense^  m  such  of  the 
ower  unininls  a§  have  not  psychical  power  enough  to  form  a  conception  of 
an  absent  objeL-t  of  gratitieation^  and  cannot,  therefore,  be  said  to  have 
sex n a  1  demre^.  T b  o i*  J  i ke  ot h e r  sien sa  tio n s,  i t  m ay  a c £  e i 1 1 1 e r  in feffigt*nf  mlhj  or 
mthmatmtllij ;  giving  rise  to  idea*tt  by  transmission  to  the  Cerebrum,  which 
ideas,  associated  with  pleasurable  feelings,  originate  dmires  that  jftimtdate 
the  Reasoning  p^>wers  to  devise  meaos  for  their  gratification,  and  excite  the' 
Will  In  the  uecessarj  actions^  j  or,  by  itj^  immediate  action  upon  the  motor 
appara  t  us »  p  rod  u  cing  respo  n  d  e  1 1 1  m  ovem  ert  tn.  — O  t*  t  h  i  s  H  ou Ij  I  e  nwd  rin  opera  ndi 
we  i^eem  to  have  sufficient  evicietice*  For  among  many  of  the  lower  tribe* 
of  animals,  at  the  time  when  the  generative  organs  are  in  a  ?itate  of  func- 
tional activity,  the  pre^sence  of  an  inrlividual  of  the  opposite  sex  inrlicated 
by  the  sight,  smell,  hearing,  or  touch,  immediately  excites  the  whole  train 
of  instinctive  aetii>us  coueerned  in  the  repmduetive  operation  ;  whilst  we 
have  no  evidence  in  them  of  any  vobintary  exertion,  resulting  from  the  ex- 
istence of  a  desire  entertained  in  the  absence  of  the  object,  and  intended  for 
the  gratification  of  that  desire.  In  Man,  on  the  other  hand^  the  principal 
operation  of  the  sextml  sensations  is  in  awakening  desires  and  affections, 
which  serve  as  excitements  to  the  intelligence  and  as  motives  to  the  Will : 
and  it  is  only,  under  ordinary  circumstauces»  when  the  two  sexes  have  beeu 
thus  brought  into  ch>se  relation »  that  the  direct  reaction  of  the  sexual  sensa- 
tion m an i tests  itself  in  automatic  movements.  In  cases,  however,  in  which 
this  sensation  is  excited  in  unusual  strength,  it  may  completely  overmaster 
all  motives  to  the  repression  of  the  profiensily,  and  may  even  entirely  re- 
move the  actions  from  volitional  control;  and  a  state  of  a  very  similar  kind 
exists  in  many  Idiots,  in  whom  the  sexual  propensity  exerts  a  dominant 
power,  not  because  it  is  in  itself  peculiarly  !itrong,but  because  the  inteiligence 
Deing  undeveloj>ed.  It  acts  without  reatmint  or  direction  from  the  Will. 


6.  The  Cerebmm,  and  its  Fnndhns. 

557*  We  come,  in  the  last  place,  to  consider  the  functions  of  that  portion 
of  the  Kervons  Centres,  which  is  evidently,  in  Mau^  the  predominant  organ 
of  his  whole  system  ;  being  not  merely  the  instrument  of  his  Reasoning  facul- 
ties, but  also  p^sessing  a  direct  or  indirect  control  over  nearly  all  the  actions 
of  his  corporeal  frame,  save  those  purely  vegetative  processes  which  are  moat 
completely  isolated  from  his  animal  powders.  We  should  be  in  great  danger, 
however,  of  coming  to  ati  erroneous  conclusion  as  to  the  real  ehnracterof  the 
Cerebrum  and  of  its  operations,  if  we  confined  ourselves  to  the  study  of  the 
Human  organism;  and  the  history  of  Physiological  science  shows  that  every 
advance  of  knowledge  respecting  its  functions  has  tended  to  Hmit  them,  whilst 
at  the  same  time  rendering  them  more  precise.  Thus  the  Brain  (this  term, 
Tti  the  old  Anatomy,  being  chiefly  appropriated  to  the  Cerebrum)  was  once 
accounted  not  merely  the  centre  of  all  motion  and  sensation,  but  also  the 
source  of  all  vitality ;  the  ditterent  processes  of  nutrition,  secretion,  etc.,  being 
mainlaine<l,  it  was  supposed,  by  a  constant  supply  of  "animal  spirits,"  piop- 
agated  from  the  brain,  along  the  nerves,  to  each  individual  part.  The 
more  moiiern  doctrine,  that  the  Sympathetic  System  has  for  its  special  func- 
tion to  supply  the  nervous  iolluence  requisite  for  the  maintenance  of  the 
functions  of  Organic  life,  was  the  first  step  in  the  proce^  of  limitation ;  still 
the  Brain  was  regarded  as  the  centre  of  all  the  Animal  functions ;  and  no 
^Iher  part  was  admitted  to  possei^s  any  fK>wer  independently  of  it  By  ex- 
|ieriments  and  pathological  observations,  the  powers  of  the  Spinal  Con]  as  an 
independent  centre  of  action  were  next  established  -  and  it  was  thus  d\o^w 
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tlint  there  h  a  large  class  of  mntioTisiii  wbieh  the  Brain  has  no  concern,  and 
that  the  removal  of  the  Cerebral  hemiriphere^  is  not  incompatible  (even 
among  the  higher  Veitebrata)  with  the  prolonged  maintenance  of  a  sort  of 
inert  and  seari'ely  conscious  life.  Still,  it  has  been  Ui*ually  maintained,  and 
with  great  show  of  reason,  that  the  Cerebrum  is  the  instrument  of  all  pmtchteni 
operations,  and  the  originator  of  all  the  movements  which  oould  not  be  as- 
signed to  the  reflex  action  of  the  Spinal  Cord.  An  attempt  hw^  beeo  mude, 
'however,  in  the  preceding  pageg,  to  show  that  thijg  view  is  not  correct;  aod 
that  there  is  a  class  of  actions,  neither  excito- motor  nor  voluntary,  but  di- 
rectly consequent  upon  Sensations,  and  constituting  (with  the  excito-mot^^r) 
the  truly  imfindive  ^ciion^^  which  may  be  justly  assigued  to  certain  ganglionic 
centres  not  less  independent  of  the  C^f^ehrunl  than  in  the  Spinal  Cord  it^lf. 
It  has  been  further  poin ted  out  that  the  On^brum  must  be  considered  in  the 
light  of  an  organ  mperudded  i'nr  a  particular  purpose  or  set  of  purposes,  and 
not  m  one  which  is  essential  to  life;  that  it  has  no  repre«*nitative  among  the 
Invertebrata  (excej^t  in  a  few  of  the  highest  forme,  which  evidently  pre^nt 
a  transition  towards  the  Vertebmted  series);  antl  that,  at  iti?  first  intrikhic- 
tion  in  the  class  of  Fishes,  it  evidently  periorm^^  a  Buhoniiuate  part  in  the 
general  actions  of  the  Nervous  Sysienu  Hence,  whatever  be  the  function, 
or  set  of  functions,  we  assign  to  the  Cerebrum,  we  must  keep  in  view  the 
Epeviid  character  of  the  organ  ;  and  we  must  never  lose  sight  of  the  fact,  that 
its  predominnnee  ja'Mnn  does  not  deprive  other  parts  of  their  independent 
powers,  aUhongh  it  njay  keep  the  exercise  of  those  powers  in  eheelh,  and  may 
consifierably  modify  their  nmnifestations, 

558.  Before  proceeding  to  inquire  into  the  Physiology  of  the  Cerebrum, 
we  may  advantageously  take  notice  of  some  of  the  leading  features  of  its 
structure/ 

In  ihe  first  p1»eii«  it  ffirm^  an  ^xcopiion  to  the  g(»tii?rnl  plia  tin  which  th^  e1i<nipnU 
of  gnnclionic  centrfrs  «r43  rtrrnni;ed  ;  in  hnvitiEr  its  vt^ieuUr  sulj^laneo  tm  tlie  w'^ri^ir, 
inBtew^l  of  in  the  centrttt  piirt  vt  Ih*"  tiuisr.  Thn  [n^rprnt*  of  Uilif  i^  proUnl^ly  t**  »llf*w 
tlie  Vfhiii^tilHr  m«ttef  to  l)i*  dUpo»ed  in  f-\\v.h  i\  mnnn'^r  ns  to  prft?ent  a  Vfty  litrj^e  iurfiici^ 
inslend  of  beinir  «giri***p;Ht«d  tngi'ilior  in  h  more  eonipm.*t  mw^Sk-'  nt\*\  tiy  this  mcHna  t^j 
idmit,  on  the  ono  side,  ii  more  rf^iidy  access  of  tbi*  t>k>«»dvo#M'ifi  wlneli  wre  m*  t?**«*riitiii 
to  thi?  fimetif>mil  operations  of  tlii»  ti;^«ue,  as  Weil  ii.**  h  more  ri*»cly  f*ofTimunicjiUon,  on 
the  othep^  with  the  vast  nunib'r  i>f  Qhri's  by  which  \u  influfnco  ig  in  by  prupw^MUiiNj- 
Therp  is  no  reHSftn  whutcvcr  tr*  bpliovts  thnt  tht^  n^lidivf*  fonction^  of  th**  v<»sit?ulnr  find 
fihtoijA  fubptiinc'eg  nr<^  in  the  Ifust  altered  by  thH  cbimi^e  in  their  relative  (>o*itioii  i 
indeinl,  tho  ro^nllJ*  of  obi'prvution  upim  the  ph^nornenH  of  di*w*rdeT'(Ki  Cei^^brwl  action 
ure  such  «8  to  HtTnrd  det'idf»d  confirmiition  to  the  docirine  now  |fcn<?rfllly  HCc^epti^,  tll»t 
the  ucli'»n  of  the  W'sieulur  nmltiT  consilitulc*  the  Mturct  of  ni;rvous  power*  iwhiJ^i  tb« 
Fibrous  finicturu  h»-S  for  it«  «flicn  (o  amdn^t  the  influence  thus  i^eneniu^d  U'  Ih"  |tf»inti 
At  which  it  irt  tn  opf*r«lo.  The  purjio&o  of  this  iirrnngt*ttierit  U  further  evld^nc**d  by 
the  f»ct^  thut,  in  nil  the  bifjher  Wwrn^i  of  Cerebral  stmeturet  w<*  find  n  provision  for  » 
stiU  greater  extrniiinn  of  tht?  8«rfiie<?  Hi  whirh  tbo  vpiiinjlur  miller  »nd  the  l^hxid* 
Teasels  niniy  come  iaio  relnlion  ;  this  being  *'tlVtlf*d  by  the  plic«tion  of  the  biy«*r  of 
ve#icuhir  umtl^-p  inti*  '' eon t^olu lions/'  into  thi^  sulci  tjtjlwccn  which  rhc  highly  Tfis- 
CuIhp  nienibrnne  known  »&  the  *'  pin  mutep  '•  dips  dt^wt^^  gimding  tnultitudc*  of  fifiHll 
Tessclg  from  its  inner  snrfiice  into  the  eorlienl  *ub«tiinee.  The  convolution*  of  the 
Bri*jn*«re  ejttremely  eomplicMted  in  thoir  rtrmncremenl,  but  they  cwn  b<*  dividiKl  into 
If  roups  by  certain  easily  rwogniaed  fiseure^,  and  urcindividunlly  Identified  imd  nnmod. 
The  more  iuiportnnt  of  ti^em  only  need  be  dtsscribcd  hor<3.  The  outer  jind  under 
surfuce  of  ench  hemlipbere  is  divided  into  five  lobt*^  as  foHowa.     Trficmg  tht?  4»^^ 


I  For  fijrtbep  dotaiU  of  the  minute  ftnntomy  of  the  Cerebriil  subs  tan  en,  ioe  Lock* 
hart  Clflrke  iti  the  PrLK'eedrngH  of  the  Royal  Society*  vo!,  lii.  No.  57. 

*  For  ftccuratede^oriptionfl  of  which  fee  Prof.  Turner'a  Pamphlet,  18^0;  Gmtioli^ti 
Sor  let  Plis  C^r^brntii  de  i'Hoinmo.  etc  ,  1854;  L.  MHPsbNll  on  tho  Brwio  of  a  Bu*h- 
wnm«n,  Ptc.»  Pn»c.  K4»y.  8oo  ,  lft83,  Quatn  nnd  Sharpey**  Anntomy^  vol.  Ii,  p,  fiSl, 
nod  £c.-kcr'«  pamphtcton  tbo  God  solutions  of  lb«  Brtiln, 
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StIviaii  Fissure  outwards  upon  the  cxternni  aspect  of  tho  hemisphorp  it  is  »oen  to 
bifurcate,  one  branch  running  upward:*,  the  other  almost  horizontally  backwHrds. 
Anterior  to  the  Sylvian  F'issure  we  have  the  frontal  lobe,  betweon  its  two  branches 
the  parietal  lobe,  below  the  posterior  branch  the  fempttro-^thenoidal  lottf^  and  forming 
the  pfHiterior  extremity  of  the  hemisphere  the  occipital  lobe,  while  concealed  within 
the  Fissure  of  S^'lvius  is  the  central  lobe^  more  commonly  known  as  tho  Island 


Fio.  842. 


Brain  of  Man. 
1,  2.  3,  Frontal  conTolutions.  4,  5,  6,  a  <i  n,  Parietal  convolutions. 

7,  a,  9.  Temporo-sphenolilal  conTolutionii.  10,  11, 12,  Occipital  ctinvolutioDS. 

A  U  the  supramarginal  lohiilc;  B  ia  tho  poniero-parietal  lobule;  and  B  is  on  the  bridging  or  an- 
Btrcteot  conrolutions ;  R,  Fissure  of  Rolando;  E,  parieto-occipital  fissure. 


of  Reil.  This  last  presents  a  few  short  and  almost  straight  pyri  radiating  from  the 
inner  end  of  the  tissue  called  the  Gyri  operti.  Tho  four  other  lobes  are  each  made 
ap  of  three  mf»re  or  less  tortuous  gyri.  The  frontal  convolutions  have  a  lw)riz')ntal 
direction,  and  form  three  tiers,  namod  respectively  the  superior,  mifldle,  and  inferior 
jfrontal  convolutions,  the  superior  closi'  to  and  parallel  with  tho  great  longitudinal 
flseuro,  the  inferior  resting  upon  the  orbital  plate  of  the  frontal  bone.  It  is  tho 
posterior  part  of  this  inferior  frontal  convolution  which  has  been  said  to  bf  the  sent 
of  the  faculty  of  binguage,  and  dis<*ase  here  to  b<j  one  of  the  causes  of  ni>ha.<iH.  Tho 
convolution^  of  the  piirietiil  lol)e  are  nearly  vertical,  and  run  up  to  the  marijin  «»f  tho 
longitudinal  tissure ;  between  the  first  or  anterior  and  the  second  is  a  wcll-riiarked 
•ulcus,  which  appears  early  in  the  development  of  the  brain,  and  is  cai'ed  the  Fissure 
of  Rolando.  The  tcmporo-sphenf»idal  gyri  an»  again  almo«t  horizontal,  lying  parallel 
to  the  horizontal  branch  of  tho  Sylvian  Fissure.  The  occipital  lohe  is  small  and  not 
well  defined,  a  series  of  short  irregular  c<»nvolutions  connecting  it  with  the  parietal 
lobe.  Th#»se  have  received  the  name  of  annectent  or  bridging  gyri ;  the  convolutions 
of  tho  occipital  lobe  itself  are  irregularly  horizontal,  and  its  anterior  limit  is  a  sulcus 
which  issues  from  the  longitudinal  tissure,  and  is  called  th(^  purieto-(K'cipital  fissure. 
On  the  oppf»sed  flat  surfaces  of  the  hemispheres  the  principal  convolutions  seen  are 
the  marginal  conrolutions,  which  form  the  nuirgin  of  the  great  longitudinal  tissuro 
and  the  gyrus  fornica tun,  which  encirclt»s  the  corpus  callosum,  commencing  anteriorly 
near  the  anterior  perforated  space,  and  terminating  at  the  point  of  the  temporo- 
sphenoidal  lobe.  By  some  anatomists  these  two  gruut  convolutions  have  been  sub- 
divided. 

559.  The  Cortical  substunre  or  "gray  matter"  of  tho  HcniLsphercs  cssen- 
Ually  consists  of  that  vei^icular  Dcrve-substance,  which,  in  tbo  Spinal  Cord, 
w  iu  ganglionic  masses  generally,  is  found  to  occupy  the  interior.  Its  usual 
thickness  is  about  one-fifth  of  an  inch  ;  but  considerable  variations  present 
themselves  in  this  respect,  as  also  in  the  depth  of  the  convolutions.  Tbus  the 
plications  are  deepest,  and  the  layer  of  "  gray  matter  "  the  thickest,  during 
the  period  of  greatest  nervous  energy,  that  is,  in  middle  life ;  in  infancy  and 
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iti  <jIi1  age,  the  oonvolutjtxis  are  simpler  atid  have  fewer  tiU': 
iLicktje^s  of  their  corfifal  guhstaDf^e  is  niui*ls  inferior;  anil    : 
Lpf  the  adult  brain  of  sonm  of  the  lea^^t  cultivated  rat^eis  rif  in' 
ffttructure  of  the  cortical  Kuhstance  has  hoen  most  f^arefiilly  iu 
Mr.  Look  hart  Clarke.'     Th^  convolulinns  present  on  gevtion 
layers  of  nervon32  &nh^tant'e»  the  concentric  arrangement  uf 
eotispieuoyg  at  the  extremity  of  the  posterior  1i>be,  anti  is  t 
by  a  slight  differeuee  in  hue.     In  this  situation  all  the  uer\ 
but  differ  considerably  in  ahape,  and  are  mueh  more  abundant  i- 
than  io  others.     In  the  mipt^Jwial  layer,  which  h  pii\i\  they  af  ► 
fuj&iforra,  or  angular,  but  are  uot  numerous.     The  4e^md  layer  irwi 

is  denj§ely  crowded  with  cells **f  similar  form  andsiie,  mingled  ^iio  mlo'  -  iiol 
are  pyriform  and  lie  with  their  ta[jering  end*  either  tow^ard^  the  surfan*  <ff 
parallel  with  it,  in  connection  with  fibres  which  run  m  cfirre-^jvindinj:  dW 
tious.     The  broader  ends  of  the  pyramidal  cellfi  give  off  twu  or  movt  ptp- 


«f/ 


IHaifmni  of  tht^  mutual  f«]Klt<»it»  of  the  prindpnl  EricrnhiUr  ccnlret^  u  itiowu  i«  «  vtfUcil  wHvi 
A,  Cerebrunj;  B,  Curv^lie^Uiiro  ;rf  a**imjri-iiiulur  IfuelJiu'-liitlifiK'iti"  '  "  '     :i  *y,  A* <l|ile  fl 

■  pa  the  Auditory  aud,  wh  h  tln^  Ttiuluint  0|»Ul-I  thuK  mid  iHt'  Cori^  i  4«llt  Oy  *pii  I 

B„3pla!t.]  Card  ^—fiit  ot  file  tUe  bcrve;  ^^Dftlic;  c;  undiN^rf;  ■!.  {)ti*<uu.   ^ .       ..,,=-  j||miil;,/,ii1*i 

ibrei  of  lh«  luedlull&rj  lutialKDce  uf  tlit  Cerebrum  ire  »hu*Ut  ef>imiMcuii|'  lis  f>m;lkmk  if ftw  <i^ 
tti«  SeiiMri-Diolor  tr»«t. 

iflses  which  run  partly  towards  the  ceat|'al  white  asiM  of  the  confolotiM 

and  partly  horiaonlally  along  tlie  plane  of  the  layer.     The  third  law  brf 
a  much  paler  color*     It  ie  crossed  at  Hght  aiigtet^  by  narrow  and  elonj 
groups  of  ^nmll  cells  and  nuclei,  intent^etliate  to  which  are  bundles  ol 
radiating  towarda  the  surface  from  the  centml  white  axis  of  the  <-  *  v  in»i 

*  S*?«  Frot'wd.  of  Bf>v   H<w,^  v**r  xfi,  N<».  5T,  nnd   Dr.  Mdiidti**^'*  ' 
Patbolcigy  af  the  Mmd^  !8li8,  p.  Gt),  fron>  wliieh  Ua  tltf  woLtiiint 
A  C"*'d  d<*K'n(ititin  uf  till*  *irtit*iiirrMtf  tb^  brnin  ia  nh**  j^h**r*  In 
1  Anliiv,  Bd.  rii,  p,  HI*  1867.     See  iiUn  Cldarid.  Qufirl.  Joorti 
'  1B70,  p.  12tl ;  liiid  Moyn^^rt.  ui  StJiekfrV  Hiimiiii  j*r*«l  Comp  IUm.. 
Oerlach,  C^nirHlbUtl,  1872,  p.  :e7a;  EiiidOeijieli,  CenimltiLBlt,  1672,  p.  I'TI. 
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The  faufth  layer  contains  broader  and  iwore  regularly  arranged  groups  of 
cells  and  miclei,  which  together  with  the  bundles  of  fibres  between  them 
present  a  dbtioctly  fan  like  arrangement.  The  fijVi  layer  is  pale,  with  a 
similar  structure,  but  with  the  fanlike  appearance  les^  diatinet.  The  Hirtk 
layoff  is  reddish-gray,  and  c^ju tains  similar  ceHs  to  those  above  dei^errbeU 
with  others  that  are  rather  larger.  The  elongated  groups  of  cells  are  fewer 
in  nunjber.  It.s  deep  surface  blends  with  the  central  white  axis  of  the  con- 
volution, into  which  its  cells  are  seatteretl  for  some  distance.  The  ^evmth 
layer  is  the  central  white  stem  or  axis  of  the  convolution,  which  givers  otf*ou 
every  side  buodles  of  fibres  that  radiate  outwards,  bccnmlng  exeeiHiingly  fine 
as  they  rench  the  surfucc,  In  cnDscquence  of  aume  of  the  fibres  terminating 
in  the  cells  of  the  different  layers^  whilst  others  bend  round  and  run  hnri- 
zAin tally,  either  crossing  the  cun volution  transversely,  or  running  longitudi- 
nally in  the  same  directimi.  Besides  the^  fibres  which  form  the  central  Vfhite 
axis  of  the  convolution,  another  set  springing  from  the  same  source  converge 
or  rather  curve  inwards  from  opposite  sides  to  form  arches  along  some  of  the 
gray  layers.  They  appear  to  be  partly  continuous  with  those  of  tlie  radiating 
or  divergent  set  which  bend  round  to  fbllow  a  similar  course.  All  these  fibres 
establish  an  infinite  number  of  communications  in  every  direction^  between 
difierent  parts  of  each  convolutiont  between  different  convolutious^  and  be- 
tween tlicse  and  the  central  white  substance.  In  other  central  ef>n volutions 
situated  more  anteriorly  the  layei^are  less  pronounced,  and  instead  of  fi//  the 
cells  of  the  several  layers  being  small,  a  certain  proportion  cif  much  larger 
cells  are  found  chiefly  occupying  the  two  internal  layers  These  cells  are 
pyramidal,  with  quadrangular  bases  directed  towards  the  centml  white  sub- 
stance^  and  each  gives  off  four  or  more  proce^sses  which  run  partly  towards 
the  central  white  axis,  and  partly  parallel  with  the  surfiice  of  the  convohi- 
tion  to  be  continuous  with  a  re  i  form  fibres.  The  processes  frequently  sub- 
divide into  minute  branches,  which  form  part  of  the  network  between  them. 
The  apiail  extremity  runs  straight  outwards,  and  gives  oil'  minute  branches 
which  are  lost  like  the  process  itself  in  the  surrounding  network.  Slight 
modifications  occur  in  the  vesiicular  structure  of  other  convolutions.  It  k 
itjteresting  to  note  that  Mr,  Clarke  was  uual>le  to  perceive  any  difference 
whatever  between  the  cells  of  the  convolutions  in  Man  and  those  of  the  ape 
trilie. 


I 


Frofes*or  Mf»yn«>rt,  in  «n  pUb<»rflt(»i>ssfij,  ha^irecf^ntl j  given  nn  flnntomical  dfl«crip- 
tirf^n  tif  the  hraint  of  which  the  ff^lh>wing  is  nn  cmtUne>  Many  pcnntfj,  however,  fire 
tu^ro  uimvoidiibty  orniiled*  p>j>eeittlly  thii-io  rtilnting  to  tbu  structure  of  the  mwdulln 
(fblongnta  i*nd  pinS|  for  whii:h  iho  roAtier  ia  nHerrtil  Uj  the  orfginftt  article  eonUmt'd 
in  thij  second  volume  of  Strk-kerV  MhhuhI  of  Hislologyi  trjinslnted  for  the  Sydtmham 
84>ei**ty, 

Profe^^rtr  Mey nert  points  out  thut  Iho  pmpherir  nervc$  of  the  body  eolleclivtsly 
conTtTijH  ti  J  wards  the  gmy  miittor  of  Ihe  cerebral  etivitieis,  spiniil  cord,  und  meduiln 
oblotigntn*  nnd  thjit  after  pflssini]f  through  these  with  m^^re  or  leas  interruption  or 
Be^mi-ntatton  Id  the  £;anglton  cells,  ihey  diverge  to  terminate  in  the  great  expansion 
of  icray  *ubs»tHnce  which  formM  the  cortex  of  ihe  cerebral  hembpheres.  The  entire 
eolb^ction  **f  Mbres  he  terms  the  *'  Projci*tion  *yaten)t''  *^nd  commcneea  its  detstirip- 
titin  tiitl  wllh  tbe  fieri  pheric  nervits  but  from  the  hemisphere*  of  the  cerebri]  CQ 
and  cerebelhitn  He  di vidian  U  into  threu  links,  with  three  masseis  of  gray  matter. 
The  first  rnfts*  of  gray  matter  h  the  cortex  of  the  cerebrum  and  cerebelluiTi  {CVH 
uml  C*i  Fig.  244),  and  the  first  link  of  the  projection  system  in  represented  tn&aen- 
tially  by  the  corona  radiatii  (Ci?),  which  coni*J6t6  of  flbres'ejt tending  from  tb©  cerebrnl 
cortex  to  the  ganglionic  maase^  of  the  corpus  striatum  and  optic  thalamus  {LN^  CN, 
OT  J^  which  consiiluie  the  second  rtiaB»  of  gray  matter.  The  sfcond  link  of  the  pro- 
jection system  i»  conipo&ed  of  fibres  that  extend  from  these  ganglia  to  the  gruy  sub- 
stance M round  the  central  cavities,  wliich  U  tbe  third  gray  mixsSt  and  ii  represented 
by  the  flystem  of  ihecruji  cerebru  The  third  link  \&  formed  by  the  nerves  wnieh  iiri^e 
from  th*s  ttbove^nitiied  gmy  substunce  of  tbo  central  ^mviiiei,  be^ii\ft\Ti^mvH^  \V% 
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origin  of  the  tliird  jmtr  of  crr**tirj*l  n**rvL»s  iji  lli*^  K*'*y  iniilt»'r  :-  «qo*<i|«t 

gy  h  i u *  to  t h f»  n u t^  I mj ^*tf* *r  ig i  n  <if  t  h c  1  < ♦  w er rnos I  cnecj^-  ttrti  1  n *■  r  v  ^*i  mul 

Sjn'ukirif^  j;jc'iitf Mill V.  the  eoriox  «f  thu  wrehrum  pre*r'i*t*  ^v»    i, 
Tbr  first  i*  prinvipMily  rom|MiBi*d  t»f  nn  i'i|Urtl{y  pufietjiiH  frjinrH. 
itflliile  celU,  ftn4  n<*Hr'  its  ^tirfiice  riumenniR  fin*?  varicoM?  ii**rvi^'thj-^  .^r.  i,..m    ; 
nil  din^etiijns.      Thr  mntriK  M*\vnerl  tvmj^iders  to  eon*ri».i  t^iirlly  **r  n  t»«iti-«iTi 
«iit]«tnru'e.     It  hm  bpt-n  CHll*'d  ppeTJilvTiiii  f<»rniHimtj  by   Rf*kttjr)-k\     n*  jM.jTIt 
Tift  bow.  corjncctivo  tissue  hy  KBlUkor,  mak^t*^  gHtiglirm  e*  IW 

nnd  R,  W»irfn-*r^  ijcliiiinuu*  *u*isiiini^e  by  CUrke,  nnd  nif>kt.mliif  ,^  ii#i 

The  g4H*MTid  I*  n  kyrr  rif  (♦h»Mt'^*Ht.  suuiU  pyrHiiiid>*J  I'orpuK^lofr,  die  iikird  i^  m  myi 
of  Jwrge  pyrhmid«rcoriHtfch'K;  th<?  fmirth  h  ji  (nycr  of  imull,  c]ij4a-«ftt,  ifrrpm 
sh»[>ed  eur|iU!<ck'!» ;  und  ibe  iSftJi  i;^  u  U^^^vT  of  fuel fij tin  utirpuH.-l<jM. 
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Fm.  244.— Cy^^  CoHri  of  ihe  <?preb»1  1heRil*|»tierfi,  lliij  convotut^         '  h  Arrt#»et«W« 

Ui-clciO  bj  nrtiiiiiU' c^otiDiM'tkig  flbfi  s.    Tft,   Ltortci  ©f  cefTbelliiHi.    '  i f  11*14.  c<«>M>^ 

JlliFPB  c'^lviidiiig  from  ihn  corlex  tvri:liri  to  LN»n^  CN,  tliclmUi'iiliir  .,,..».< 

•trtftlitiu,  uud  tit  f>r,  ttvr  Ojftk  Ihiltiijius.    Ttiu  |i<uiCeri<»r  eitii'tuitj  of 
eDlBrgi-m^nt«,  Ibe  c^rfjiiM  gtmlctitiUuin  exUTiium  nnd  tnterrnunn  iir1i> 
UiM  ojiti^:  Iracta.    Thtf  lellrr*  ^J(p,  TV.  art!!  placral  «n  a  Imtiil  of  dliriw  iJiai  .«; 
frwm  the  cortf^i  cerebri  tfi  ibe  cortvi  etrobdli    ^W,  Slrb  eoTfie-tt,  «>r  lo-ni  i 
nuvli'thi  nf  Ic'gfiichiuTii.    A*  Nutw.     T,  T**atla.    J*  f*trif«l  gland,    h,  Ftbrr*  ii*»^(mi:  .i,f":^  t  i 
tPKi^c^fiiiiixi  ttim\  the  cf)it«x  ei-rv't^rr    Pa  C,  Tlie  Nind  of  ftbre*  lo  the  right  «r  ih««i  Mtm  tivi 
iVe  *n|H;rlor  |»*<luiirk  of  IIih  cer«1>i![liim. 

Fio, 245,-^Tranipfti¥iil  wctioa  of  a  fiirro#  of  th^  ihiM  frntn)  (^aTOlutloo  «tr  ]iui,KW^ 

1.  I#i>yer  of  scitt^^rf^  ^mmU  <^rTtcftJ  i?«ir|>»i^'le».     2,  LajfTiof  i^T .-— - tfi  iiytmioHA  iwrtlii** 

pUBCtrv.    19,  Lnl'ei'  of  Inrgf  ftrramldnt  ccirpiiacl^A,     4,  Lajrer  ".  -t^^tt^  Im^tlftf  < 

€t>rtJriUcorpu»eli»lgr»D«Jf>Jikf}foiTaiAiUiai,    5,  Layer  of  fkalfor;  .  •^rpuaele^   i^  Ma 


The  d»ff€ri?nt  pnrtfi  of  the  some  h*?mig(ihpre  arfi  connoet«d,  flr»U  hy  *li»  i 
iivtercotiimunictttinjj^  prt>c€»*fte«  of  the  fplkj  and,  M'foridJy,  hy  a  •rit«inMfi 
flbrei  uf  difforent  kijgtbs  Iji  ng  immediiitdy  beneulb  thrj  cortejt.    Tl*« « 
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piirU  of  the  uppMite  hpmiepherefl  arc  connected  by  the  transverse  fibres  of  the  corpus 
CMllo«um.  The  cortex  of  the  cerebrum  is  connected  with  thftt  of  the  cerebellum  by 
llbrchf  pas^in^  dire<!tly  from  one  to  the  other. 

ThK  corpus  atrinfum  conisists  of  two  nuclei,  A  smaller  one — the  caudate  or  intrn- 
TcntrictiUr  nucleus  (CiV,  Fig.  244) — and  a  larger  or  extraventricular  one,  named 
the  loDticuhir  nucleu!^  {LN).  The  caudate  nucleus  is  essentially  connected  with  the 
olfaictory  lobe  and  bulb  by  connecting  fibres  (O),  and  is  consequently  small  in  man  as 
eopipared  with  many  animals. 

The  fibres  forming  iYa^.  Jirnt  link  of  the  projection  fti/stem^  and  connected  with  the 
lentieiilNr  nucleus,  are — 1.  Those  proceeding  from  the  internal  surface  of  the  whole 
lenirth  of  the  cerebral  hemisphere,  but  chiefly  from  the  frontal  lobes.  2.  The  stria 
cornea  [SC)  proceeding  from  the  apt'x  of  the  temporal  lobe  to  the  anterior  region  of 
the  **orpU8  striatum.  8.  Then  in  addition  there  are  the  fibres  entering  the  optic 
thalamun — namely,  a.  Those  arising  from  the  frontal  lobe  and  passing  straight 
back  between  the  caudate  and  lenticular  nuclei  of  the  corpus  striatum  («,  Fig  244). 
b.  Those  proceeding  from  the  walls  of  the  Sylvian  fissure  and  from  the  temporal 
lobeft  b  (inferiiir  peduncle  of  optic  thalamus),  e.  Fibres  from  the  striatum  zonale ; 
mnd  lastly,  rf,  Those  proceeding  from  the  cortex  of  the  gyrus  fornicatus,  constituting 
the  ascending  pillar  of  the  fornix  (superior  peduncle  of  optic  thalamus).  The  fornix 
itffelf  w  the  projttjtion  fasciculus  of  the  cortex  passing  to  the  anterior  eminence  of 
the  optic  thalami. 

The  deeper-lying  part  of  the  optic  thalamus  receiving  the  corona  radiata  contains 
many  cells,  and  constitutes  the  red  nui'leus  of  the  tegmentum,  RN.  This  red  nucleus 
ia  the  first  internode  of  u  tract  that  originates  in  the  cortex  of  the  cerebrum  in  a  fan- 
like form,  and  stretches  to  the  cortrx  of  the  cerebellum.  The  processus  a  cerf*beIlo 
ad  cerebrum  is  a  free  segment  of  this  connecting  tract  between  the  two  corti<'al  sub- 
•tanf^ea.  Beneath  th(>  above-mentioned  fan  is  a  K(>cond  more  slender  fan  of  the  corona 
radiata,  which  is  applied  to  the  substance  of  Soemmerring.  Posteriorly  the  optic 
thalami  ar«  connected  with  the  optic  tracts.  The  optic  tracb*  are  also  connects!  just 
as  if  they  were  a  portion  of  the  corona  radiata  with  the  brachium  of  the  inferior 
corpus  qaadrigeminum.  The  optic  tracts  and  nerves,  therefore,  are  not  peripheric 
nerves,  but  the  retina,  like  the  olfactory  bulb,  is,  so  to  speak,  an  outlying  portion  of 
the  cortex  cerebri. 

The  second  link  of  ihc  projection  Ryatem  is  formed  by  the  system  of  the  crus  cerebri, 
nhich  is  divided  into  two  layers  with  some  intermediate  gray  substance.  The  in- 
ferior or  anterior  layer,  named  the  cntsfa^  proceeds  from  the  corpus  striatum  ;  the 
superior  or  posterior  layer,  named  the  tegmentmn^  chiefly  from  the  optic  thnlamus. 
In  addition  to  the  fibres  proce«^ing  from  the  two  nuclei  of  the  corpus  striatum,  the 
cru»>ta  contains  others  derived  from  the  substantia  nigra  of  the  ventricles,  fibres 
(shown  in  dotti>d  outline)  which  come  directly  from  the  occipital  and  temporal  lobes. 
The  size  of  the  cerebral  hemispheres,  of  the  lenticular  nucleus,  and  of  the  crusta 
cerebri,  are  all  proportionate  to  one  another,  but  there  is  no  relation  between  the  size 
of  the  crusta  and  of  the  tegmentum.  On  the  contrary,  the  tegmentum  of  the  crus  with 
its  jganglia,  especially  the  corpora  quadrigemina,  and  corpora  genioulata  interna,  are 
more  largely  developed  in  propertitm  to  the  sinallness  of  the  cerebral  lobes.  The  teg- 
mental fibres  pnK'eeding  from  the  optic  thalamus  are  reinforced  by  others  from  the 
posterior  commissure — the  anterior  and  posterior  corpus  geniculatum,  the  cortex  cere- 
iMflli,  and  the  pinciil  gland,  those  from  the  latter  source  decu-^-ating  with  tho-^e  of  the 
oppo!*iie  side.  The  innermost  fibres  of  the  crusta,  after  decu.ssating  in  the  middle 
line,  terminate  peripherically  in  the  central  gray  substance  of  the  ventricle  surround- 
\t\f^  the  aqu.'eductus  Sylvii  in  the  nates,  p(>netrating  at  this  point  into  the  nucleus 
common  to  the  third  and  fourth  nerves.  The  most  external  fasciculus  of  the  crusta 
passes  through  the  decussation  of  the  pyramids  of  the  medulla  oblongata,  into  the 
posterior  column  of  the  spinal  cord. 

The  tegmentum  is  characterized  by  its  connection  with  the  optic  tracts  and  fifth 
pair  of  nerves  on  the  one  hand,  and  with  the  motor  columns  of  the  spinal  r;ord  on 
the  other,  forming  a  region  where  sensory  impressions  are  reflected  as  motor  impulses. 
The  fact  that  the  ganglia  of  the  crusta  have  no  connection  with  sensorial  peripheric 
expansi<ms,  suggests  that  they  owe  their  pf>wer  of  (•xciling  motor  impulses  to  another 
source — namely,  to  the  conditions  of  excitation  of  the  cert-bral  lobes. 

The  organization  of  the  crusta  is  completed  near  the  anterior  part  of  the  thalamus. 
That  of  the  tegmentum  just  below  the  corpora  quaarigemina,  the  lowest  of  its  gan- 
glia of  origin. 

A  large  group  of  the  radiating  fibres  proceeding  from  the  occipital  lobes  converge 
to  the  ganglia  of  origin  of  the  tractus  opticus — i.  «.,  the  external  and  internal  corpora 
geniculata,  and  the  corpora  quadrigcminu,  forming  a  remarkably  thick  medullary 
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Innurjii  (optie  rtidintrojiB  of  Grjifiolet)*  Thh  mm*  nf-fiocmtf^B  Itself  with  tho  pnstmor 
and  ejpftrtml  iWciciili  of  tUo  cmMa  of  th<^  Cfiii  cerebri.  But  the  in*tst  e^fertust  lVi»rlc- 
wlun  of  ihe  L"ru*tiK  ms  jiii?t  $ttU**d,  pn?i6<?i5  th^lut^h  thi>  dwussution  of  the  pyrttiDids  of 
th*-  tncdulln  obliincfltii^  into  ihf^  posterior  folmnn  of  tho  ppiniil  eord,  find  cim't^qupntly 
Ihp  |>oBlerior  TottH  of  thesipinal  ni^vt'a  ftr«  ropr«?f^0nt4?Hii  in  the  arttno  lobes  of  th**  liemi- 
iphi*p^ft  ns  the  rudiMtiotis  of  the  optk'  tPi*ct.  It  is  rpToiirkiiblft  that  thrust?  tobc-«*  hIso 
recHvo  the  fibrefl  proctN^dinj;  from  ihe  olfitctory  bulb  nnd  lobi\  Anothc»r  gmup  of 
flhri^s  fnoi  thi*  cortex  pus?  to  the  corpora  quadrigemifitt^  forming  tlie  bmchin  «f  the 
riiilf's  unci  te^tos. 

Th?*  [pineal  ejlnnd  is  n  ganijliun  of  orijc^in  of  the  t<*gfmenlum,  And  it  plivoed  over  the 
dei'U'if-tilion  of  Iho  t<'gni<»ntiv  o(  thn  oppotiitf5  ndm. 

At  the  Iih'pI  of  the  pons  is  n  in  ret?  and  impnriwht  r^i^ron  wb&re  the  brnt'lrin  *vf  the 
cerebi'llum  inlerhio*?  with  thn  proj<'t*iion  aysiMnK  nnd  from  ihia  poj fit  the  third  link  of 
th«!  projcoti*m  system  di'g^ends.  The  superior  peduncle  is  eomposod  piirlty  of  tbrm 
of  tin:;  corc»n*i  riidititn.  proc'eedtn]^  directly  from  the  cortex  of  the  cerehriil  h«^llii- 
fphfTP-^;,  and  partiy  c»f  the  til»p«fi  from  the  optic  thidiimus  itnd  corpus  ftrininm,  mII  uf 
whtf  li  dfcu^^ate  ^^o  that  the  superior  pf^diinck^s  form  a  hur^esliue  doi^t>d  in  fr^^nt  which 
c^rres-pond*  with  the  nale*i  and  t**stes.  They  cun^tvtute  the  eonn^ctin^  ^y^iftn  of  tho 
cfTebellnm.  The  middle  pedonele  of  the  eBrebellum  h  bc«t  uiidersioc»d  hy  remom- 
berin^  that  every  faseiciilua  of  the  crit&la  terminating^  in  the  anterior  division  of  iho 
pons  U  repre^ienled  hy  two  faseiiuli  of  the  opposite  middle  fitMJuncli^  of  the  cercrbel- 
mm,  of  which  noe  runs  through  the  fuperfieialj  the  other  throtigh  the  deep  lii^?*;r  o( 
Ira  nt^ verse  fibres  of  the  pon*» 

The  inferior  |>c-d uncle  of  the  cerebellum  confiisLs  of  fibres  pa^ising  from  the  ccrnbol- 
lum  to  the  posterior  columns  of  the  spiniil  cord^  »t)d  ineludes— 1»  The  eorpu«  rwli- 
fonoe;  2.  The  internal  division  of  the  inferior  crus  cerebri ;  nnd  3.  The  fa^c^ietiltit 
cuneiitu*  and  (.lender  fitftciculus 

The  gray  snbstanee  of  the  central  cavities  ia  a  centre  frc»m  which  h  large  nuTiilwr 
of  nerve-roots  take  oriijin.  It  lines  the  third  ventnclo,  surround*  the  iiqiK*duct  of 
Sylvius,  expands,  it-s^elf  in  the  cavity  of  the  fourth  ventricle,  and  inehf^e!*  the  Ci'ntral 
canal  throujjhout  the  spinal  cord  ;  from  it  the  third,  fi^upth,  and  nucceedinjj  oeri*hr»l 
and  all  the  spinal  nerves  in  fiueceJision  tnkeoritrin,  ind  the,*e  con^tJtufe  the  third  link 
of  the  firiijecti*in  (system.  The  third  nerve  may  in  fuct  be  taken  aa  the  typ*  of  thn 
prfgecticn  fy^tt^m  of  Meynert  The  first  link  cotisista  of  tlhres  extending  fntm  Iho 
cerebrum  to  the  lenticalar  nvjcleus;  the  second  litfk  from  the  lenticular  nueleii*  to 
the  nncleun  of  oHt^in  of  the  third  nerve  in  the  grny  sabetance  of  the  third  venlHdfi 
of  the  opfHksUe  side,  and  the  third  link  beinff  thn  nerve  itself 

The  cerebellum  represent*  a  loop  or  sMug,  the  curves  and  «inuosJlie«  of  whieli 
eetahliith  ^/Gty  indirect  connections  between  the  cerehrum  and  the  nerve-riHili,  Tha 
Auditory  nerVe  is  nlmo»t  en  Li  rely  lost  in  it,  and  it  ba%  extens^ive  connection*  with  the 
optic  nerve*  The  crufta  of  the  cerebral  peduncii%  which  de#cendintj»  u  conttmicHl 
into  the  pyrantida  of  the  medullH  oblo^n^nla,  is  at  leHst  three  times  the  ai^e  of  th«i 
pyramid?^  and  this  diminution  i^  due  to  the  terminHilon  of  many  of  the  fibreii  of  the 
cruMa  in  the  gani^lron  celb  nf  the  pons,  from  whence  fibres  ari*e  that  pa?*  into  Ihe 
middle  peduncle?  of  the  cerebellum.  A  motur  lunction  must  therefore  he  attri hutted 
to  the  cerebellum,  even  from  this  p>int  of  view  niono.  For  no  other  view  can  bo 
taken  than  that  the  impuUea  condueti^d  from  the  cortex  to  the  corpu*  slrmiiim  nnd 
the  lentictilar  nucleuii  bealde*  their  conduction  inti*  the  apinal  cord,  at  the  aame  time 
give  rise  to  definit*^  modea  of  activity  of  the  cerebellum. 

The  medullH  oblon|TftiB  consist*  of  a  pralongation  of  the  anterior  and  piwterior 
tract  of  the  cms  cerebri,  and  of  the  cruR  cerebelli,  tos^ether  with  much  tcatlered  gniy 
matter  in  its  Pub^anee*  and  a  liiyer  on  its^  surface,  the  gray  matter  of  the  fourth  ven- 
tricle represenling  the  gray  matter  of  the  central  cavitiaa* 

560*  The  weight  of  the  entire  Eucephalou  iu  the  ai^ult  Male  usually 
ranges  between  40  and  60  oz.,  the  average  being  about  50  oz. ;  and  iu  the 
Female  from  36  to  50  osl,  the  average  being  ttl>out  45  o^J    The  maximutti 


*  The  ftverage  of  both  ftexes  ditTers,  however,  in  the  various  race*  of  mankind* 
Dr.  Davis  (Proceedings  of  the  Royal  Society,  Jan.  2Bd.  1668)  found  the  mean  of  the 
Buropean  sieriea  to  be  4fi.S7  ox. ;  of  the  Asiatic  aeries^  44.62  ok.  ;  of  the  American 
■i*rieii^  44.73  o3i.  ;  of  t!ie  African  series,  44. 3  t»z.  ;  and  nf  the  Australian  *t«rie*,  41  SS 
OH.  Dr.  Thnrnam  (Journal  of  Mental  Hciencet  Aprils  18'UV|  give^  49  o^  at  the 
Average  weight  of  the  European  brain,  whilst  in  diHln^ui^hed  men  it  amounts  U> 
64.B  OE. 
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iClbe  healthy  brain  seems  to  be  about  64  oz.,  atid  the  minimum  about  31 
gs;  But  ill  fu^es  of  Idioey,  the  aiaount  is  i^ometime§  much  below  thi^;  aa 
law  a  weight  n^  20  oz.  haviug  been  re^onleii. — Ii  appeaii*,  ir<mi  the  in  vest!- 
gatiotis  of  M.  Bourgery,  that  the  relative  sizes  of  the  diHereiit  {^nm|M>iieut 
elements  of  the  Human  Eueeplialou  are  somewhat  m  follows,  Divitling 
the  whole  into  204  part^p  the  weight  of  the  C'Crebrum  will  be  represeuleii 
by  about  17t>  of  tho=;e  parts,  that  of  the  Cerebellum  by  21,  ami  that  of  the 
Medulla  Oblongata  with  the  Optic  Thalami  and  Corpira  Striata  by  1^. 
The  i^eigbt  of  the  Spioal  Cord  would  be,  ou  tbe  isame  .^eale,  7  parts.  Hence 
the  Cerebral  Hemispheres  (»f  Man  include  an  amount  of  nervous?  matter, 
which  is /o*(r  times  that  of  all  tbe  rest  of  the  Cranio-Hpiual  ma?.s  more  than 
mf^fht  times  that  of  the  Cerebellum,  iht'Heen  times  that  of  the  Medulla  Oblon- 
gata, etc.^  and  hventiffour  tinier  that  of  the  Spinal  Cord. — The  al>solute  Wtii^ht 
of  the  cerebral  hemii^phcres  varies  according  to  Mevuert  from  17,01)0  to  2l,6fX) 
grains.  The  avcnige  weight  of  the  whole  Encephalon  in  proportion  to 
that  of  the  body,  in  man,  taking  the  average  of  a  great  number  of  ob^rva- 
tioui,  itf  about  1  to  36.  This  is  a  much  larger  pro|.K>rtion  than  that  which 
obtains  in  most  other  animals;  thus  the  average  of  Mammalia  is  stated  by 
M*  I^uret  to  be  1  to  186,  that  of  Birds  1  to  212,  that  of  Reptiles  1  to  1:J2U 
and  that  of  Fishes  1  to  5668.  It  is  interesting  to  remark,  in  reference  to 
tbesie  etitinmtes,  that  the  Encephalic  prolongation  of  the  Medulla  Ohtongata 
m  Man  (being  about  one-sixteenth  of  the  weight  of  the  whole  Encephalon) 
is  aftftie  more  than  twice  m  heavy  in  proportion  to  bij*  bfj<ly,  as  the  entire 
Encephalon  of  Reptiles,  and  ten  tinier  as  heavy  as  that  of  Fish, — But  there 
are  s^ane  animab  in  which  tbe  weight  of  the  Eueephalon  l>ears  a  higher 
pro|mrtiou  to  that  of  the  bt>dy  than  it  does  in  Man;  tbns  in  tbe  Bluehnuled 
fit,  tbe  pr4>portioo  m  m  1  to  12,  in  the  Goldfinch  as  1  to  24,an<i  in  the  Ficld- 
tuouse  as  1  to  tiL  It  di>es  not  hence  follow,  however,  that  the  VtTttbrnm  is 
larger  in  proportion:  in  fact,  it  is  probably  ni>t  nearly  go  large;  for  in  Birtls 
and  Rodent  ilammal?,  the  Sensory  Ganglia  form  a  vi:ry  considemblc  pro- 
portion of  iht?  entire  Encephalon,  M.  Baiilarger  has  shown  that  the  i^HrjuGe 
and  the  bulk  of  the  cerebral  hemisphere  are  so  far  from  bearing  any  con- 
stant proportion  to  each  other  in  different  animals,  that  notwithstanding  the 
depth  of  the  convolutrons  in  the  Human  Cerebrum^  its  bulk  is  2i  times  as 
great  in  proportion  to  its  surface  as  it  is  in  the  Rabbity  the  surface  of  whose 
Cerebrum  is  smooth.  Tbe  entire  surface  of  the  human  cerebrum  is  esti- 
mated by  him  at  about  670  square  inches.— The  specific  gravity  of  the  Brain 
has  been  made  the  subject  of  careful  research  by  Dr.  Bastian,  who  finds  the 
average  of  the  gray  subs^tauce  to  be  1.030,  and  of  the  white  1,040. 

561.  The  Encephalon  altogether  receivej^  a  supply  of  Bloini,  the  amount 
of  which  is  very  remarkable,  when  its  comparative  bulk  13  considered  ;  the 
proportion  which  goes  to  it  being,  according  to  the  estimate  of  Hal  I er,  as 
much  as  one- fifth  of  the  whole  mass*  The  manner  in  which  this  bh»od  is 
conveyed  to  the  brain,  and  tlie  conditions  of  its  lUstributiou,  offer  some  pecu- 
liarities worthy  of  notice*  The  two  Vertebral  and  two  Carotid  arteries,  by 
which  the  blood  enters  the  cavity  of  the  cranium,  have  a  more  free  commu- 
nication by  anastomt>sis  than  any  similar  set  of  arteries  elsewhere ;  and  this 
is  obviously  destined  to  prevent  an  obstruction  in  one  trunk  from  interrupt- 
ing the  supply  of  blood  to  tbe  parts  through  which  its  branches  are  chiefly 
distributed,— tbe  ceseatiou  of  th*^  1  iivnJation  through  the  nervous  matter 
being  immediately  productive  of  euspcubion  of  its  functional  activity.^ — Not 

'  M-  Robin  (Jourmil  M  Iti  Fhyfivolocle,  vol.  i1,  p,  537)  hue  describeil  nn  wccessory 
tissue  flrouiid  the  capillaries  of  the  bniioj  in  the  spiioe  between  whitjh  and  tht*  proper 
TunvrH  udventittA,  free  nuclei,  fiitty  mns(ie«|  nnd  grMnules  of  hn^tiiHtusiti,  are  objierva- 
ble.  M.  Kobin  Mi^m^  tu  he  of  opinion  thnt  the&(»  art  the  lymphnttca  af  Ih.^  ^i^\^» 
bee  fil&o  Strieker  ia  Idem,  1867,  p.  652. 
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only  nruflt  ihero  be  ii  suffidcnt  supply  of  blood,  but  it  mu^i  make  a  rtfoUiii 
pressure  on  the  wnlls  of  the  vessel g.  Now  the  Eiicephalon  is  difimiitif  m- 
euTiiPtariced  tmm  other  vascular  or^iiii&*,  it  being  irtckti-ed  within  an  unjitU* 
ing  bony  ca^  1^275);  and  we  find  a  s{>eeitd  prnviniitn  fur  e4|iia!ttiiiiif  ill 
I  bulk  of  the  ei*ii tents  of  this  cavity,  and  for  counterbalancing  ibe  r*si&lb«( 
d  i  fll-  re  n  ces  i  u  t  lie  t  ii  n  ct  ion  a  1  a  cti  v  i  ty  of  I  h  e  bra  in  and  in  i  ti*  -^u  p  i  ■ !  v  ^f  \*IM, 
in  the  existence  of  a  Huid  which  h  found  beneath  tbe  aracl  lOi 

the  burfaee  of  the  brain  and  gpinal  cord,  and  in  the  ventricle-^  o.  .».  .inttt. 
The  amount  of  this  *'cerebro-spinal  fluid*^  seeni^  to  avemge  abuut  tit 
ouncetL;  but  in  ca^es  of  atrophy  of  the  brain,  m  much  as  twelve  onoceiQ^ 
fl u id  ni a y  £0 ni eti mea  be  obtain ed  fr 1 1 m  the  era n  io-B pi na I  ca v  i  t  y ;  « Iti lil  ia  all 
instancei^  in  which  the  bulk  of  the  brain  hm  undergone  an  incn^Ke^ni 
from  the  prmluetion  of  additional  nervous  tiiSwHue,  or  fri>in  umJut*  iw 
of  the  veA«eb,  there  h  either  a  diminution  or  a  total  ab*i^nce  uf  thai 
It  appears  from  the  experiments  of  Mugendie  (to  whom  utir  k&oifiM|irf 
Au  itii])ortance  h  chiefly  due),  that  ila  withdrawal  in  living  HuinuiUimHi 
'great  dijiturbanee  of  the  cerebral  funciiona,  probalily  by  rtlfr.'rtitg'  miim 
disieniiion  of  the  bloodves^y^lM  ;  it  is.  however,  capable  of  ^  v  npUlf 

regenerated;  and  its  reproduction  restores  the  nervous  c*  ibctr»tf» 

ural  stute. — A^  the  cerehro-apinal  fluid  ciin  readily  tind  it-^  way  Ircmi  fk 
subarachnoid  spaces  of  the  tranml  cavity  ink)  tho«e  ot  the  npintd,  mod  iit 
is  no  less  readily  absorbed  than  reproduced,  il  evidently  nerv*^  a^an  uqmlcttr 
of  the  amount  of  pressure  within  the  crauiat  eiivity :  admiin**-  '*-  ♦'•!•• 
einn  or  contraction  of  the  ve^eeb  to  take  placcp  within  c^*rtAin  I  -^ 

any  considerable  change  in  the  degree  of  cxnnprei*8ion  iti  whit  ii  n.r  iti-ittm 
matter  is  s^ubjee ted.  That  this  uni fortuity  Is  of  the  great fsit  impartaooeli 
the  functional  exercise  of  the  bmin,  k  evlilent  fmm  a  ftjw  well-known  fiifflL 
If  an  af>erture  be  made  in  the  skull,  and  the  firotrudlng  portioo  of  the*  btatn 
he  subjected  to  pressure,  the  immediate  suspension  of  the  n  ?  tk 

whole  organ  is  the  result;  in  this  manner,  a  state  resembUrfj  [  :^ 

can  he  induced  in  a  moment,  the  normal  activitv  being  r^  it©- 

tarily  fa  soon  as  the  pressure  is  withdrawn.*     I'his  pheit  ii« 

been  oliserveil  in  the  Human  subject  in  cases  in  which  n  jiortion  trf  ik 
cranial  envelope  hat  been  lost  by  disease  or  iikjury.  The  varit-ti*  sriuptiW 
of  Cerebral  dUturbance  which  are  due  to  a  state  uf  general  '  "^ 

evidenlly  owing  to  an  ejtcafJt  of  pressure  within  the  v^sw^l-i  •   ; 
dim  tn  u  i  urn  o  i"  p  resi  n  re  is  ti  i>  I  ess  i  nj  u  ri  o  us,  as  a  pi  wj  rs  frt  >  n  .    L  >     i ;  : 
in  the  Cerebral  funclioiis  which  reijults  from  the  very  opnosit*  .  u' 
a  dcpre&j-ion  of  the  power  of  the  heart,  or  a  deficiency  of  hlocni  in 
It  U  of  peculiar  importance  to  bear  in  mittd  the  dii-^turbancc  ot  ir^ 
functions  oct*asioncd  by  variations  of  internal  prtmurr,  when  we  a^ 
oring  to  draw  inferences  from  the  phenomena  pre^^uii^l  h\ 
5t>2,  We  shall  now  proceed  with  our  Physiological  imj  . 
,  tioiiJS  of  the  Cerebrum;  and  yhall  uj>ixuil»  as  beiorc^  to  Hiuji 
*  jmrative  Anatomy,  to  Experiment,  and  to  PathtJogy,  for  iHir 
The  anatomical  relations  of  the  Cerebrum  to  the  other  !v 
clearly  demons^ trate  that  it  is  not  one  of  the  essential  u\ 
tions  of  the  Nervous  system;  but  a  superadded  organ,  receivi 
pulses  to  action  from  the  parts  below,  and  ope  rut  ing  n(>on  th» 
through  them.     And  its  great  bulk,  joined  to  its  position  at  lie        • 
the  whole  apparatus, — the  vesicular  substance  of  its  eonvoluiioLi--  art 
a  tertDination  to  the  Hbres  in  couQection  with  it,  and  not  hetug  for  the  oKti 


Am 

•It. 


'  Behiff  atfiti«  that  the  Indian  inake-cfaarmera  arc  iiocuitotti#d  to  product  fipli^ 

I  of  the  body  in  ttie«e  AQimaU  by  presiure  on  the  occiput. 
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part  only  tmverstHl  by  them,  as  is  the  ca^e  with  that  of  all  the  lower  centreit 
clearly  mark  it  out  a.^  the  highest  in  it^  functional  relations,  and  as  miuii^tep- 
ing,  so  tar  as  any  material  instrnment  may  do,  to  the  ej^ercise  of  those  psy- 
chical powers,  which  J  in  Man,  exhibit  so  remarkable  a  predominance  over 
the  mere  animal  instincts.  This  conclusion  i^  fully  borne  out,  when  we 
extend  our  inquiries  from  Human  to  CVimparative  Anatomy ;  for  with  some 
apparent  exceptions,  which  there  would  probably  be  no  great  difficulty  in 
explaining  if  we  were  in  pi>ssession  of  all  the  requisite  data,  there  is  a  very 
close  correspondence  between  the  relative  development  of  the  Ckrehruni  in 
the  several  tribes  of  Vertebrata,*  and  the  degree  of  InkUi^enee  they  respec- 
tively possess, — using  the  latter  term  as  a  comprehensive  expression  of  that 
series  of  mental  actions  which  consists  in  the  liif^nf Mimr/adaptatiim  of  means 
to  ends,  hased  on  definite  ideais  as  to  the  nature  of  both.  It  is  not  always 
^asy  to  say,  in  the  case  of  ihe  lower  animals,  what  parts  of  their  actions  are 
to  be  attributed  tt7  automatic  impulse  (*".  e.,  to  be  considered  as  In.Htinctive), 
and  what  should  be  regarded  as  the  results  of  Intelligence.  The  character 
of  Intelligent  actions,  however,  as  compared  with  Instinctive  {§  5^33),  i§ 
usually  shown  (1)  in  the  variety  of  means  which  are  adopted  to  compass  the 
game  ends,  and  this  not  merely  by  different  individuals  and  by  successive 
generations,  but  by  the  same  individual  at  different  times;  (2)  by  the  im- 
provement in  the  mode  of  accomplishing  the  object,  which  results  frt>m  the 
jntclligent  use  of  experience,  and  from  the  greater  command  of  mean^^ 
which  m  prtigrfiSv'iiively  attained  ;  and  (S)  by  the  conformity  of  the  means  u* 
altisred  circumstanceif,  m  that  the  character  of  adaptiveness  is  still  main- 
tained, however  widely  the  new  conditions  may  depart  from  those  which  uiuat 
be  ronmdered  as  natural  to  the  species. 

503.  The  difference  between  actions  which  proceed  from  the  Intellectual 
faculties  prompted  by  the  instinctive  propensities,  and  those  of  a  purely 
Instinctive  character,  is  well  seen  in  comparing  Birds  with  Insects,  The 
Instinctive  tendencies*  of  the  two  classes  are  nearly  of  the  same  kind ;  and 
the  usual  arts  which  both  exhibit  in  the  construction  of  their  habitations,  in 
procuring  their  food,  and  in  escaping  from  danger,  must  be  regarded  as 
intuitive,  on  account  of  the  uniformity  with  which  they  are  practiced  by 
different  individuals  of  the  same  species,  and  the  jjerfection  with  which  they 
are  exercised  on  the  very  first  occasion.  But  in  the  adaptation  of  their 
operations  to  peculiar  circumstances,  Birds  display  a  variety  and  fertility  of 
resource^  lar  surpassing  that  which  is  manifested  by  Insects;  and  it  can 
searf*ely  be  doubled  by  those  who  attentively  observe  their  habits,  that  in 
auch  adaptations  they  are  often  guided  by  real  intelligence.  This  must  be 
the  case,  for  example,  when  they  make  trial  of  several  meau!*,  and  select 
that  one  which  baft  an^jwers  that  purpose;  or  when  they  nmke  an  obvious 
improvement  from  year  to  year  in  the  uomforis  of  their  dwelling;  or  when 
they  are  iuflneueed'  in  the' choice  of  a  situation  Ijy  peculiar  ci re nm stances, 
which  in  a  state  of  tmtnre  can  scarcely  be  supposed  to  atfect  them.  The 
complete  domesticability  of  many  BinU  is  in  it^^^elf  a  proof  of  their  poi?s^s- 
ing  a  certain  degree  of  intelligence ;  but  this  alone  does  not  indicate  the 
jKJssession  of  more  than  a  very  low  amount  of  it;  since  many  of  the  most 
domesticable  animals  are  of  the  humblest  intellectual  Ciipacity*  and  seem  t^ 
become  attached  to  Man,  principally  m  the  source  on  which  they  depend  for. 
the  supply  of  their  animal  wants.  But  there  are  certain  tribes  of  Birds, 
especially  the  Parrots  and  their  allies,  which  possess  an  extraordinary  degree 
of  ciiucabilitf/^  and  which  manifest  a  power  of  performing  simple  acts  of 


1  See  Princ.  of  Comp,  Phys.,  J  662  et  b^* 
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re/tmnhifjf,  that  are  quite  com  parable  with  tbose  of  a  child  wh«ti  tii%iijC;&n:D( 
to  talk. 

564*  This  development  of  the  InteUigeiice  uiiilcr  the  iifjlii, 

and  iu  aecoFclanee  witli  hk  habits  rat  bit- r  than  wlih  tl)»  liAbito<f 

their  species,  is  y6t  more  remarkable  in  tbe  caiie  of  tbo^  nli  vliaii 

imtinctj?  lead  them  to  attach  theifiM^lves  peculiarly  ttj  him,  •^  |Bi«tii 

of  reasoniug  are  called  forth  iu  adapting  tiKmiselves  to  the  new  drcftuuiftiiaei 
in  which  they  are  thus  placed.  The  actioiis  of  a  Dog,  a  HorMr,  nr  aa  Qt- 
phant,  are  evidently  the  re^ult^  in  many  in^tauc«!«,  of  a  cucupiex  tf&iA<l 
reasoning,  difftiriug  in  no  esaential  respect  from  that  whic^  ^^  **•  ^-*  -J  » 
form  in  similar  circumstances;  ^o  that  the  epithet  *' lia!  jm- 

monly  applied  to   these  animals,  di>e«i   not  express  the   wnM:r    vr  j  . -  fflf 
their  mental  proce^ide^  are  of  the  §ame  kind  with  thu«e  uf  ^lati,  ami  difc 
more  in  the  dfpee  of  comprehen&ivene^w  of  their  data  and  cotrrJu.Hiveoett^ 
their  inf*^rerjcc**,  ihaii  they  do  iu  their  essential  ch  a  meter.     We  havu  tmm 
dence,  liowever,  that  any  of  the  lower  aniittala  hav«  a  voluri 
(finctiwj  their  mental  of>erati<ms  at  all  similar  to  that  which  <- 
these  iqieratiouB,  iodeed,  neem  to  be  of  very  much  the 
tbosje  wliich   we  jx^form   iu  counecrted  dreamy  difftrent 
commencing  a^  they  are  fiuggCi^ied^  and  proceeding  according  in 
lawH  until  !?ome  othi-r  di)*turh  tbetu, — Although  it  Is  cy«toiiian 
the  Dog  and  tlie  Elephant  m  the  most  iineJbgent  among  tbe  I  i\h 

it  k  not  certain  that  we  do  so  with  jusitice:  for  it  in  very  p<  f» 

are  misled  by  that  peculiar  atiachinent  to  Man,  which  In   i  r  b 

tamied  an  iutitinct,  and  which  euters  m  a  motive  into  a  larg*  'm»^ 

their  actionjt;  and  that>  if  we  were  more  acquaiuied  witli  tbe  j  r 

Ecter^  of  the  higher  Quadrumana,  we  s^bould  find  in  them  h  ;:  ^f»« 

of  mental  capability  than  we  now  attribute  to  ihem.     One  tl« 
that  the  higher  the  degree  of  lutelligence  whirh  we  Hud  clmrurit  ? 
partieular  race,  the  greater  is  tlie  degrtn?  of  variation  which  w**  ium^  migk  a 
the  characters  of  individuals ;  tbutj  everybody  knowa  tbn'  [iJ  i 

Dogs   and  clever  Dogs^,    iU-tetnpered  Dugs  ami  gmxl-t*  i  — 1»  j 

there  are  stupid  Mt;n   and  clever   Men,  iii-tempercd  ^1  •• 

pered  Men.     But  no  one  could  distinguish   between  a 
clever  Bee,  or  between  a  gofKl- tempered  Waj^p  and  an  li 
eimpty  becauj^e  all  their  action  a  are  prompted  by  an  unvm 

565.  In  estimating  the  relative  development  of  the  Cer  .iitienai 

tribes  of  Animab,  and  in  comparing  this  with  their  relati.  -ninr,  il 

mu3t  be  borne  in  mind  that  the  mze  of  the  organ  d(»e^  not,  oou-  m, 

afford  a  means  of  accurate  jnd^ment  as  to  its  ftawrr.     F  «"  '  •^ 

ve&icular  matter  which  it  contains  affords  the  only  fair  cr  *i 

ter;  and  of  ibis  we  must  judge,  not  merely  by  the  i?uper!  i  .<i  l#; 

the  number  and  depth  of  the  convolutions  and  by  the  lb"  '  lIM!c«^ 

tical  layer.  Agaju»  there  are  many  reasons  why  it  h  not  itiir  u^  «*ti«i>i 
the  relative  development  of  the  Cerebrum  by  the  pn>jM>rtlnn  wHtrh  ii  ha» 
to  the  whole  bulk  of  the  animal ;  and,  on  the  wh(»le,  t'  '  ^ 

of  Comparison  would  probably  be  afforded  by  the  rt^]:- 
of  the  Cerebrum  and  the  diameter  of  the  Spinnl  C*-i\L     iu  -^^ 

such  comparis^on,  however,  the  Thalami  Optiei,  Corpt^ni  t^f  n  '  '^ 

pt>ra  Quadrigemina  should  be  excluded  from  the  e^\'^  "* 

eufficiently  apparent;  and  the  bulk  of  the  Cerebrum  /     ,  "»»• 

determined,  either  bv  weight  or  by  the  di^placenKnit  <»t  l»f|uid« — 14*ii  *j>* 
Cerebrum  varies  in  different  classes  and  ordei^  of  Vertt^bmta,  r*-.t  rivr-lTli 
profjortional  size,  but  also  in  the  relative  development  of  itt  ^  '^ 

dle^  and  posterior  lobes.     This  Is  a  poixit  of  v^ry  great  importaiM  . ,  ...  .».^ 
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inining  the  value  to  be  as^fignerl  to  the  or^anologktil  system  of  Gall  aud 
Spiirzheim  and  their  fol lowers.  The  Cerebrum  ufthe  Ovi parous  Vertebrata 
is  7>ot  a  mtiiiature  representative  i>f  that  of  Man^  aj^  a  whole,  hut  only  of  hm 
autertor  lobe^;  as  is  sufficiently  obvimis  from  au  esaniination  of  its  comiec- 
tionw  with  other  parts,  and  from  the  absence  of  any  other  commissural  con- 
nections between  its  two  hemi^pherL'S  than  those  which  are  afforflecl  by  the 
Sensory  Ganglia.  It  is  in  the  I m placental  Mammals  that  we  find  the  first 
nidi  men  IS  of  the  midfVe  lobes  of  the  Cerebrum,  and  of  the  profier  inter- 
eerebnil  commi^^ure,  the  (Corpus  Callosum  ;  and  even  in  the  Rtidents  this  in 
but  very  imperfectly  developed.  As  we  ascend  the  Mammalian  series,  we 
find  tlie  Cerebrum  beeomJTig  more  and  more  elongated  posteriorly  by  the 
development  of  the  middle  lobes,  and  the  intereerebral  commissure  becomes 
more  roniplete;  but  we  mu!«t  ascend  m  high  as  the  Carnivora.  Iiefore  we 
find  the  least  vestige  of  the  prnt^rlffr  lobes;  and  the  rudiment  which  tliese 
po¥.sies§  is  m  rapid  I  v  enlarged  iti  the  Qtmdrumann,  that  in  mnie  of  that 

f roup  the  posterior  lobes  are  as  fully  deveh^ptd  in  reference  to  the  Cere- 
rum  as  a  whole,  and  as  coTupletely  cover  in  the  Crerebellum  a«^  in  the  Hu- 
man subject J^The  attention  which  has  yet  been  given  to  this  department 
of  inquiry  has  ni>t  hitherto  done  more  than  confirm  the  statement  already 
made  with  regard  to  the  genera!  correspondence  between  the  development 
of  the  Cerebrum  and  the  manifestalicms  of  Intelligence;  very  decided  evi- 
dence of  which  is  furnished  by  the  great  enlargement  of  the  Cerebrum^  and 
the  corresponding  alteration  in  the  form  of  the  Cranium,  which  present 
therajftilves  in  thoj-e  races  of  Dogs  most  dii^tinguished  for  their  educability, 
when  compared  with  those  whcise  condition  approximates  most  closely  lo 
what  was  probably  their  original  s^tate  of  wildness* 

566.  This  general  inference  drawn  from  Comparative  Anatomy,  is  borne 
out  by  observation  of  the  Ha  man  species.  When  the  Cerebrum  is  fnlly 
developed,  it  oiTers  innumerable  diversities  of  form  and  si^e  among  various 
individuals;  and  there  are  as  many  diveniities  of  character.  It  may  be 
doubted  if  two  ijidividuals  were  ever  exactly  alike  in  this  resffeet  That  a 
Cerebrum  which  is  greatly  under  the  average  sisse  is  incapable  of  performing 
its  proper  functions,  and  that  the  po^^essor  of  it  must  necessarily  be  more  or 
Je«s  Id iotie.  there  **au  l>e  no  re^isouable  doubt.  On  the  other  hanrl,  that  a 
large,  we  11 -developed  C^rebnim  is  found  to  exist  in  persons  who  have  made 
themselves  conspicuous  in  the  world  in  virtue  of  their  intellectual  achieve- 
mentSj  may  be  stated  as  a  proposition  of  equal  generality.  In  these  opposite 
cases^  we  witness  most  distinctly  the  antagonism  between  the  Instinctive  and 
Voluntary  jwwers.  Those  unfortunate  beings  in  whom  the  Cerebrum  is  but 
little  developed  J  are  guided  almost  solely  by  their  instinctive  tendencies, 
which  frequently  manifest  themselves  with  a  degree  of  strength  that  would 
not  have  been  supposed  to  exist;  and  occasionally  new  instincts  present 


1  li  hit?  bpen  ft^^ertpd  by  thu  rolti>wi?r*  of  Gdl,  that  the  development  af  the  C^re- 
trum  from  b»'hind  f<>rwttrd!i,  hb  above  deft'ribwd,  is  rulher  Hppurent  thrtn  roid :  th« 
wbitk  orcrtn  \mi\%  in  f»ci  pushed  Imckwurds  by  the  oioe^sivu  dRvetup intent  of  the 
anii'ridr  lobti.  But  the  unatomicnl  dtstinctinn  hi«twi?«*n  the  iinterior  i^nd  middle  lohcB 
ii  »ulBci4«fit1y  obvious  cxtefnidlj;  and  ihat  of  the  middb  Mhd  posioiior  UAxvn^  m  %\m 
cU»urly  mHrk*?d  oat  by  thi?  devf^lopmi-nt  of  the  jiosturior  cornua  of  ibe  lateral  veiitH- 
cWs«  and  \h^  bituaUoji  of  the  hippti>cHmpit»  mmjor.  Hence  llie  ftiOU  itlnive  suited  do 
not  ndmit  of  any  Buch  interpretatit>n;  and  tbi*y  ure  fuUy  b*iptio  out  by  the  hifit*>ry  of 
the  Embryonic  t'evelopmrmt  cif  the  Cepcbcum  In  Man,  which  preei^ely  foJIows'ihe 
above  plan,— It  i^  miE  here  deni^'d  tbnt  the  unierU^r  hihe  of  the  Human  Cerebrum  ia 
reiiuirkiiblu  fur  ite  gri>nt  ^xit^nAum  forufiah;  but  fitilK  the  ditTi*renoe  betwei*n  the 
Ceri^bnim  t*r  Man  nnd  that  of  the  low*  r  Mammalia  ctmsiyts  miteb  rather  in  th*3  pro- 
parliooal  development  of  thepoBteFior  lobe^,  ihaja  in  thai  of  the  anterior. 
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themselves,  of  which  the  Humau  being  is  ordinarily  regarded  a^  de??titote-* 
On  the  other  haml,  those  who  have  obtained  most  intluenoe  over  the  utidtr* 
dfUidin^s  of  others,  have  always  been  large-brained  persons,  of  strong  intel- 
leotuai  and  volitional  powers,  whose  eniotional  tendencies  have  been  !»ubor- 
dinated  to  the  reason  and  will,  and  who  have  devoted  their  whole  energy  to 
the  particular  objects  of  their  pursuit, — ^It  is  very  different,  however,  witli 
those  who  are  actuated  by  what  is  ordinarily  termed  genim;  and  whose 
influence  is  rather  up<>u  the  fedmgn  and  inhiUimu^  than  upon  the  uoder* 
standings  of  others.  Buch  persons  are  often  very  deficient  in  the  power  of 
even  comprehending  the  ordinary  affairs  of  life;  and  ntitl  more  commonly 
they  show  an  extreme  want  of  judgment  in  the  maD&gement  of  them,  being 
under  the  immediate  influence  of  their  passions  and  emotions,  which  they 
do  not  sufficiently  endeavor  to  eontrtd  by  their  intelligenl  wilh  The  life  of 
a  "genius/'  whether  his  bent  be  towards  poetry,  mnsic%  paintings  or  pursuits 
of  a  more  material  character,  is  seldom  one  which  can  be  held  up  for  imita- 
tion. In  such  persons,  the  generat  power  of  the  mind  being  low,  the  Cere- 
brum is  not  usually  found  of  any  great  size, — The  merti  comparative  siue  of 
the  Cerebrum,  however,  affords  no  accurate  measure  of  the  amount  of  mental 
power  J  for  we  not  un  frequently  meet  with  men  possessing  large  and  well- 
ibrmed  heads,  whi*se  psychical  capability  is  not  greater  than  that  of  others, 
the  dimensions  of  whose  crania  have  the  same  general  proportion,  hut  are  of 
much  le^  absolute  size.  Large  brains,  with  deficient  activity,  are  com- 
monly found  in  persons  of  what  has  been  termed  the  phlcp}miie  tempera- 
ment, in  vvhom  the  general  processes  of  life  seem  in  a  torpid  and  indolent 
state;  whiUt  smalt  brains  and  great  activity  betoken  what  are  known  b&  tha 
sanfimne  and  jwrmiis  temperaments. 

567.  Having  now  inquired  into  the  evidence  of  the  general  funrtions  of 
the  Cerebrum,  which  may  be  derived  frcim  examination  of  lis  C'impHrative 
development,  we  proceed  to  our  otlier  sources  of  intbrmation,  1'  cit 

and  Pathological  phenomena.     The  electrical  excitability  of  the  h  tea 

was  experimentally  demonstrated  by  Fritsch  and  Hitscig*"^  who  found  that 
on  the  application  of  a  galvanic  stimulus  to  particular  reg^ionsof  the  surface 
of  the  hemisphere,  certain  definite  muf^cular  movements  occurred  oa  the 
o[jj>osite  side  of  the  body,  such  m  flexion,  extension,  and  rotation  of  ihe 
limbrt,  and  also  movement  of  the  facial  nius<*les.  Their  earlier  ex|>t>rlmeMls 
\^'ere  made  on  dogs,  and  the  constant  currents  applied  were  feehk*.  The 
contraction  on  making  the  current  was  greater  than  that  on  breaking  iL 
They  adduced  various  reasons  against  the  supposition  that  the  movements 
were  due  to  mere  tninduction  of  the  stimulus  to  distant  centres,  amongst  the 
more  important  of  which  were  the  feeblene^^  of  the  currents  employpd,  the 
close  approximation  of  the  electrodes,  the  bad  conductivity  of  the  brain- 
substance,  the  occurrence  of  contractions  on  the  opposite  side  of  the  biwiv, 
and  their  non-appearance  when  the  position  of  the  electrolier  was  slightly 
altereiL  In  further  researches  Hitzig''  believed  he  was  able  to  establish  the 
existence  of  a  distinct  centre  for  the  several  movements  of  the  eyes,  coincid* 
mg  with  a  part  of  the  Facialis  centre,  and  e^j>ecially  that  part  innervating 
the  protective  muscles  of  the  eye.  He  subsequently*  found  in  experimcnta 
on  monkeys  that  the  anterior  cerebral  convolution  constitutes  the  true  ttiotof 


»  A  fL'tnttrkttbla  inhtaridc?  of  this  Wftf  publiBtied  pome  jcurn  stiver:  A  p*?rfi*f!tlj 
Idituii^  tfirl,  in  ParU.  hnving  been  fisduced  by  mttnf  ii)t»cretmt,  wa^^  4L<Hvi!red  uf  m. 
child  w1thi>iit  N5!?isl«nce|  and  it  wb8  f<»und  tlint  she  hAf^  0nftu*eii  the  nmbjlieal  ci>rd  in 
two,  in  the  snmi-*  mtmncr  as  15  praeiicpd  by  the  Itiwer  nniaiHis.  Il  h  *CMrci*l>'  to  b« 
suppo^i^d  th&t  »h0  h»id  HMv  idi^u  of  the  object  of  this  jaepttniltnn. 

*  Kfjobert's  Anhiv,  lft70»  p.  3W.  »  Ibid.,  1878,  p.  8»T- 

*  Berliner  Klin.  WiJclu*n^ehr.,  187i,  No,  6. 
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part  of  the  cortex  of  the  cerebrum,  the  several  centres  lying  in  it  from  the 
median  fissure  downwards  to  the  Sylvian  fissure.  He  maintained  that  about 
i  mm.  from  the  median  line  is  the  centre  for  the  posterior  extremity  of  the 
)ppasite  side,  and  about  3  mm.  further  outwards  that  for  the  anterior  ex- 
tremity. Seven  mm.  beyond  this  laterally  is  the  centre  for  a  jiart  of  the 
nnscles  associated  with  the  visual  organs,  and  close  to  the  Sylvian  fosv«a  a 
burth  centre  governing  the  muscles  of  the  mouth,  tongue,  and  jaw  of  both 
lides.  Weak  currents  applied  to  the  parietal  and  frontal  regions  were  not 
followed  by  any  movements.  In  a  still  more  recent  short  communication  * 
lie  states  that  he  had  found  lesion  of  the  posterior  convolutions  (occipital) 
>f  the  cerebral  hemispheres  produces  blindness  of  the  opposite  eye  and  para- 
lytic dilatation  of  the  corresponding  pupil.  Soon  after  the  ap{)earauce  of 
toe  first  series  of  observations  made  by  Fritsch  and  Hitzig,  their  results  were 
xinfirmcd  and  extended  by  Ferrier  *  in  his  experiments  with  the  Furadic 
surreDt  in  reference  to  the  theories  of  epileptic  discharges  propounded  by 
Hughliugs  Jackson.  He  defined  on  the  surface  of  the  brain  of  cats,  dogs, 
and  rabbits  the  different  centres  from  which  various  movements  of  the  limbs, 
Bice,  mouth,  and  tongue,  eyes,  ears,  etc.,  could  be  definitely  and  distinctly 
Bxcited.     Carrying  his  investigations  to  the  brain  of  monkeys,  Ferrier'  has 


Fio.  246. 


Fio.  247. 


Piajrram  of  the  Brain  of  Monkey  to  show  the  effects  of  electrical  stimulation  of  certain  iK)iuts  as 
giveD  In  the  text.  In  each  instance  the  effects  produced  resulted  from  the  application  of  the  two  elec- 
trodes to  the  area  circuniacribcd  by  the  circle. 

mapped  out  the  following  regions,  the  stimulation  of  which  gives  results  which 
may  thus  be  briefly  stated  (see  Figs.  246,  247) :  1.  Movement  of  the  hind 
foot  as  in  walking ;  2.  Complex  movements  of  the  hind  leg,  consisting  chiefly 
in  adduction  of  the  foot  to  the  middle  line ;  8.  Movements  of  hind  foot  and 
tail ;  4.  Action  of  the  latissiinus  dorsi ;  5.  Extension  forward  of  tiic  arm  : 
a,  6,  c,  d.  Different  aspects  of  combined  muscular  movements  of  the  hand 
and  wrist,  which  in  their  coinpletest  action  cause  closure  of  the  fist;  0.  Action 
of  the  biceps,  supination  and  flexion  of  forearm ;  7.  Elevation  of  the  upper 


»  Centnilblatt  f.  d.  Mod.  Wiss.,  1874,  p.  048. 
•  ^est  Hiding  Asylum  Reports,  vol.  iii,  1873. 


•  Proc.  Roy.  Soc.,No.  IGl,  1875. 
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lip — ^.ygoinalic  action  ;  8.  Conjoint  action  of  the  elerfitor?i  t*f  ti poor Irp  sad 
deprps^ion  f)f  lower;  9*  Opening  of  the  mouth  and  proLru^iim  nf  ibr  tMnri** 
10.  Tho  retrtietiim  of  tongue  (these  movementi^  huve  n  btlretcT 
IL  Aeti<»n  of  phitysma  ;  12.  Elevntion  of  the  eyebrows  and  t,   ,.. 
tatNKi  of  the  pupilj?,  and  turning  the  head  to  the  opnn^tte  M**;  Vh 
directed  to  the  opposite  side  and  upwanH  with  usunlly  r-r-  *— -■ 
mipils;  13',  Similar  action,  but  the  ey^  usually  direcWi;  14 1 

Retrartion  of  rhe  oppor^ite  ear.  head  turns  t^  ih(-  opp«t^itje  sii  i 
oj>eiied  and  the  |iii|i!ls  dilated;  15,  Stimnhition  of  this  r<  _ 
sppoiis^  trt  the  tip  of  the  uueinale  convobition,  causes  truvuiu 
nostril  of  the  sanie  ^ide.  The  anlero-fmntxd  and  occipital  rv_ 
r^Mih  on  stininhuion;  nor  docs  the  issland  of  Ucil  react  to 
StininhitiiHi  of  iha  corpora  striata  caus^ed  tonic  f4pa>m  of  th* 
mu^le^  of  the  opposite  side,  and  con^erpicntly  a  conditittn 
ton  OS.  StimulatioT*  of  the  optic  thalamitji  was  ncj^ative,  CcMi 
ference  of  opinion  exi^ti*  among  cx|>erim enters  as  to  t!ie  real  ^ignilii 
of  the  remits  thus  obtained  by  galvanic  or  Faradic  stimulaiion 
iurface  of  the  hemij^pheres*  Frit^eh  and  Hitzig  and  Ferrier  re^rani 
as  the  rejiult  of  excitation  of  tin?  gray  matter  of  the  cortex,  while 
regard  theio  as  the  result  of  conduction  of  the  current  to  the  tnoior  gai 
Dupuy  '  and  also  Carvdle  and  Duret  have  attempted  lo  provi*  that 
actions  exerted  are  due  to  diffnBion  and  conduction  to  undeHving  m«itnr 
gangba  4fnd  motor  strands,  Dr,  Burdon-Sauderwm'  lia^  aUn  !th*n*n  tli»t 
when  the  giay  matter  correspond iug  to  the  centres*  dt^fito-^*!  Iiy  Hiifii:  siiH 
Ferrier  I*  removed,  yet  the  same  actions  are  priwhict'd  by  fxt^tii*;;  th**  roe- 
d  u  Ha  r  V  fi  h res  w  h i cl  i  p i  oceed  fro n i  t b ej^e  to  the  eo r pun  s t r »a f  u  m >  Th k  t»rt 
haK  alpo  been  s^tated  by  other  subsequent  ex penrn enters*.  Ft*rn»*r'  unju* 
that  the  rci^ults?  cannot  he  explained  by  conduction,  oij  the  gnn\u<\  \)mxhi 
Btate  of  anie^thebta  sulficienfc  to  prevent  auy  nmnifetttauon  <m  -  h  m/ 

the  isurfact^  of  ihe  brain,  the  coqwra  striata  still  remain  escit.i  n»Tt 

utiht^  it  he  a^Humetl  that  chloroform  annihilaten  the  eoorluctiviiy  iif  tW 
niednilarv  Hbres  to  the  electric  stimulus,  the  resnltii  shtiuld  be  nbtaiiKiit* 
before.  The  definlteuess  and  predictability  of  the  resu!Li»  and  ttU>  ilit  6<1 
that  stimulation  of  the  island  of  Keil,  which  is  nenrest  flie  cnr-"  -♦--t^'ir, 
causes  no  action,  even  though  the  rest  of  the  brain  b  fxciuibl'  -^ 

pose  of  ohjeclions  on  tht*  g^round  of  conduction  or  dtffusitm.  Lwn  t.ii.uii 
a  certain  amiuuit  of  diffusion  of  the  current  beyond  the  piint^  of  coiitinlv«f 
the  electrodes  be  proved,  it  w*iuld  seem  that  a  certain  inlPUMty  w  rtypji^it* 
t<j  produce  stimulatifm,  and  the  |ia§3^ibility  of  difffTcnliating  centra*  iii  th*^ 
pruxinnty  U^  each  other  woidd  ^em  to  prove  the  fact  of  iocalisoitioa.  lo 
reference  to  the  experiments  of  Dr.  Sanderson,  Ferrier  argura  Thai  a.*iHi 
corpus  striatunj  contains  in  an  integrated  ibrm  the  centres  in*f  iif" 

ferentiated  in  the  hemii*pheres,  it  h  quite  in  accordauc«  with  tli'  ii^"* 

given  hy  Hitzig  and  himself  to  suppose  that  stimulaiitm  nf  tl*e  mt^ullftfT 
cone  of  fibre^H  should  excite  the  same  movements  as  rc^^uk  from  fuijt'ii*»nil 
activity  of  the  corresponding  cortical  centres.  Cou«i<tclerable  diveratv  <^ 
opluiim  exists  as  to  what  relation  these  cortical  centres  have  to  the  m«t^ 
phenomena  which  are  raanif^ted  on  stimulation.  Fritsch  and  Hitzig  art  of 
opinion  that  they  are  in  some  way  relatetl  to  the  muscular  scn*<\  *^"  tk* 
grtjund  that  after  the  ablation  of  the  limb-centres  in  dogn,  the  anini*!*** 
operated  on  do  not  suffer  from  paralysis  of  the  limbs,  but  men  '  irt^ 

have  hist  consciousness  of  the  position  of  the  limb-*,  antl  heri'  ^""* 

in  irregular  aud  unnatural  attitude^^i     This  view  is  aUo  supporti.ti  Ly  >^ 


*  Exhfn*^ii  deqiR*l(jui«H  Foinia  de  In  Fliv«itil'tiiie  il«  Ci*rv»'Mij,  Furii,  1>*7S. 

•  Pr*H.-  Roy,  £5x«.'.,  1873.  *  Weit  KiAmg  Asyluai  R^part*,  vol  it,  IfTl 
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nagel  from  the  results  of  hb  experiments  Id  the  injection  of  chromic  acid 
into  the  brain  cortex/  Schiff^  regards  the  movements  resulting  from  stimu- 
lation of  the  hemispheres  as  of  a  reflex  nature,  hut  denies  the  existence  of 
centres  which  exert  any  direct  influence  on  the  muscles  of  animal  life*  He 
describes  the  resulti*  of  ablation  of  these  centres  as  due  to  the  loss  of  muscu- 
lar sense  in  the  parts.  Hermann/  though  admitting  the  fact  of  definite 
movements  being  excited  by  localized  siimulaiion  of  certain  cortical  rof^ions, 
denies  that  this  proves  the  existence  ot  motor  centres  in  the  henuftpheres, 
and  grounds  his  opinion  on  the  lact  that  dogs  recover  perfectly  from  the 
eltecUs  of  destruction  of  the  so-CHHed  motor  centres  of  the  limb^^,  and  regain 
complete  control  of  their  movemeuL^.  The  interpretauon  which  Ferrier 
pLits  upon  his  experiments  ditfer!?  e^Hsentially  from  any  of  the  foregoing.  He 
regards^  the  movement.^  which  result  from  siimutaiion  m  indications  of  exci- 
tatioo  of  centres  concerned  in  voluntary  or  purposive  action,  or  of  ceuire*i 
of  cxpres?jion  and  seajfation.  The  moiiir  piirtion  of  the  brain  is  siiuattd 
anteriorly  and  corresponds  with  the  medullary  expnnsion  of  the  Hbrcji  from 
the  corpus  striatum^  while  the  sensory  portiou  corre.'iponds  with  the  ruetlul- 
lary  cxpansitin  from  the  optic  thalamus.  The  destruction  of  a  motor  centre 
causes  paralysis  of  voluntary  motion  in  respect  to  the  actions  which  are  ex- 
cited by  stimnlaiioQ  ot'  the  same  centre.  This  paralysis,  however,  is  only 
complete  in  casa*  of  movements  which  are  quite  independent  of  each  other. 
It  is  seen  more  especially  in  the  case  ot'  the  monkey^  wldcb,  like  man,  is 
capable  of  highly  Ciuaplex  and  independent  movements.  In  dogs  and  quad- 
rupeds  general ly,  owiug  to  the  fact  nf  the  movements  being  usually  associated 
on  both  side^,  tFie  dej^trnction  of  a  motor  centre  in  one  hemisphere  dcies  not 
cauH^  complete  voluntary  pamiysis.  Under  the  influence  of  the  other  hemi- 
sphere action  of  both  side?*  may  he  caused  by  the  agency  of  the  lower  gau* 
glia.  Hence  a  dog  may  ra^jidly  recover  from  the  paralysis  of  voluntary 
motion,  \vhich  manitesun  iti^elf  immediately  after  the  destruction  of  the  motor 
centres  in  the  iippo^ite  hemisiphere.  This  explanation  is  in  accordaiice  with 
the  theory  nf  Dr.  Broad hent»  who  accounts  *br  the  lact  that  paralysis  from 
brain  disease  atiects  the  arip  more  than  the  leg,  owing  to  the  bilateral  co- 
ordination in  each  hemisphere  of  movements  usually  associated  together. 
Hence  the  motor  centres  in  the  brain  are  regarded  by  Ferrier  as  the  difler- 
entiated  apparatus  of  voluntary  muscular  action.  At  the  same  time  they 
form  what  he  terms  the  motor  substrata  of  intellect,  by  being  the  centres  of 
memory  of  muscular  actions*     Hence  he  explains  hi^w  the  loss  of  speech  ia 


1  NothnnjEr^l  (FircHow**  Archiv,  Bd  Ivii,  p>.  184,  nn<i  Iviii,  |>  420)  found  un  inji^ct 
injis  a  folutitm  of  chromk  m-id  inin  n  pniia  about  H  mm.  (hjilf  an  inoh )  from  the 
snti*rior  cjttr^^miiy  nf  the  cfri'brjiLhcnjtitphere  m  rulibU?,  iind  ftbout  y^jtli  oi'  nn  inch 
from  tb*'  mfilhtn  fissure,  thut  thf  npjjfK-iiip  forupnw  drttiiji^f'd  in  wwlkin^,  nnd  e^Mild  be 
plHOi'd  in  itie  moj-t  iiwkwkrd  (lo^^iiiuns  without  ih<*  Animnl  reai^ntui^  it,  *tr  Htlcmfsling 
to  withdrAW  it.  It  wha,  litiwi^ver,  m^ilhar  inssen^^ibh'  nor  |mrHlyKt*dj  it  onlj'  Mppertri*<i 
to  hfivt*  luit  iu  mu^eulHr  §pnsfv  A  ^imilHr  spot  inllDenring  boib  tbp  fore  Htid  liind 
leg*  tsKiHy  Ht  tin*  uuli^r  oitrHniity  4»f  tbo  ifyi-u;^  posl-rmntHlb.  Tbe  Mff*?ctit*n  h  traa- 
*!tory  nnd  dbHppeurft  in  tt  frw  wrvk^  Uthnr  mtrtor  pjirNiyat-fi  w^re  ob?iof vpd  witU  in- 
j*H'Li<tns  (lunli*  juto  vnrious  pHria  ♦if  the  while  E:iil>!'iiini'c**  Hr  finds  n  f,poi  ispiir  the 
niidfik  und  tnnvr  purl  cjf  iht?  Ciirpusfirifttum,  which  when  injur<*d  lond^  m  ilie  ciuireQ 
<if  u  f***  nijnut*;*  to  viulynt  h'liping  wnd  ?prini^ir>;(  Hirwiird  movemtut^,  which  con- 
linue  f(-r  u  quarter  ur  hidf  un  huiip  till  the*  tmimul  dfnp*  cxhuusti'd ;  fae  tonus  this 
f-piiL  the  pm/wj*  rurmriitft,  Jnjury  t**  n  spot  i^LtuHlfd  nl  the*  ptialtriop  <?xiremily  nf  ihe 
tinglfl  liiil^ue  of  the  bruin  of  the  rtthbii.  is  foltowi-d  by  ftimilnr  &prinjtrin*(  movemi^nts, 
wbTch  iilYi^r  A  fow  mirtut*:'*  ceMse  enlirely*  Nothnni^fl  found  ihnt  abhition  nr  d**-truc- 
tion  id'  the  lertticulwr  nucleus  wns  followed  by  tbe  i?ame  eHecti  hs  removul  of  the 
cerebrtil  bemiapb«re  of  (.he  ^nrne  side.  S&e  ulao  Fournie,  Cumples  Bead.|  L  Ijtxvii, 
Ko.  §, 

*  Arcbiv  t  Experiment   PatboL  und  PbammkoUjgi©,  1874,  Bd*  iii, 

*  Arcbiv  f,  Pbysiologie^  Bd.  %^  ISTo. 
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associated  with  the  dcstnictioD  of  that  part  of  tlie  bram  which  is  the  centre 
for  the  niovemenU  of  artifulalion*  As  regarda  sensory  localization,  Ferrier 
has  recently  concluded  a  series  of  esperimenta  od  monkeys  in  which  he 
clairxis  to  have  localized  the  regions  of  special  ^etise,  These  regions  he  re* 
gardsi  as  the  centres  of  sensory  perception  as  distinct  from  the  centres  of 
sensory  impressions  or  sensori-inotor  action.  The  ful lowing  !s  au  abistract  of 
these  later  researches,  in  whicli  also  attempti^  have  heen  made  to  ascertain 
the  functions  of  those  partes  of  the  hemispheres  wfiieh  do  not  react  t43  itim- 
ulatiimi' — 1.  Ablation  of  the  frnrital  regif>ns  winch  give  no  reaction  ti> 
electrical  stimuhition  h  without  eifect  on  the  powers  of  sensation  or  volun- 
tary motion,  bnt  causes  marked  impairment  of  intelligence^  and  of  the 
facidty  of  attentive  observation*  2.  Dej?truclion  of  the  gray  matter  of  the 
e^Mivolutlou  dividing  the  figure  of  Rolando,  eaussea  fwiralyj*i^  of  volunlnry 
niotioii  on  the  opposite  Bide  of  the  body ;  while  legion  cirenmscril>ed  to  &p<ritil 
areas  in  thetse  convolutions,  previously  localiKed  by  the  author,  eausea  p*iraly- 
sis  of  voluntary  m<nion,  limited  to  the  innscnlar  action  excited  by  electricJd 
stimulation  of' the  same  parts.  Jl.  Destruction  of  the  angular  gyrus  (pfi 
courbe)  causes  blindness  of  the  opjwsite  eye,  the  other  sen-ies  and  voluntary 
motion  remaining  unaffected.  This  blindness  isimly  of  temporary  duration, 
provided  the  angular  ^yrus  of  the  other  hemisphere  remain  intact;  when 
both  are  dej?troyed,  the  loss  of  visual  perception  is  total  and  permanent  4 
The  effects  of  electrical  Irritation  and  the  results  of  destruction  of  the  supe- 
rior temporo-sphenoidal  convolution  indicate  that  they  are  theceutreii  of  the 
sense  of  hearing.  5.  Destruction  of  the  hippocampus  major  and  hippt^i^am- 
pal  convolution  abolishes  the  sense  of  touch  on  the  opposite  side  of  the  iKxly, 
C.  The  sense  of  smell  (for  each  nostril)  has  its  centre  in  the  gubernaciiluai 
cornu  Animonis  or  tip  of  the  uncinate  convolution  on  the  same  side,  7. 
The  irieuse  of  taste  is  localized  in  a  region  in  close  proximity  to  the  sense  of 
smell,  and  is  abolished  by  destructive  lesion  of  the  lower  part  of  the  terafmro- 
sphcuoidal  lobe.  (The  action  is  crosseil.)  8.  Destruction  of  the  opiie  thal- 
amus causes  complete  anaesthesia  of  the  opposite  side  of  the  body,  9- 
Ablation  of  the  occipital  lobes  produces  no  effect  on  the  special  senses  or  ill 
the  powers  of  voluntary  motion,  but  is  followed  by  a  slate  of  depre^sioii  and 
refusal  of  food  not  to  be  accounted  for  by  mere  constitutional  diMurbance 
consequent  on  the  operation,  Tiie  function  of  these  lobes  is  reganled  as  still 
obscure,  but  considered  as  in  some  measure  related  to  the  systemic  sM^nsalton. 
Their  destruction  does  not  abolij^h  the  sexual  af»i>etite,  10.  After  removal 
both  of  the  frontal  and  occipital  lobes  an  animal  still  retains  its  facultie?  of 
special  sense  and  the  power  of  voluntary  motion.  In  the  ex  peri  men  t5  made 
by  the  committee  of  the  New  Y<jrk  Society  of  Neoroh^gy  and  Electrok^y, 
including  Drs.  Dalton,  Arnold,  Beard,  Flint,  and  Ma^^on,'  results  confirma- 
tory of  Hitzig's  observations  were  met  with.  They  found  that  all  the  centres 
of  motion  for  the  anterior  and  |K>sterior  limbs  aresituaied  in  the  convolution 
immediately  surrounding  the  frontal  fissure  which  runs  transversely  to  the 
longitudinal  figure.  The  centres  for  flexion  and  extension  of  the  anterior 
and  posterior  limbs  were  always  found  in  the  external  part  of  the  prm- 
frontal  ctm volution  just  anterior  to  this  fissure,  and  in  the  post- frontal  con- 
volution just  behind  it.  In  a  majority  of  cases  those  for  the  anterior  limhe 
^ere  situated  more  in  front,  near  the  outer  extremity  of  the  frontal  fta^nre, 
and  thi*^  for  the  posterior  limbs  more  posteriorly  and  inwardis,  hut  their 
exact  positions  varied  somewhat  in  different  cases.  The  centre  for  flexion  of 
the  head  and  neck  in  the  median  line  is  in  the  la  tern  1  and  aQterior  part  of 

I  ExpiTimchta  on  the  Brrtin  of  Monkeya,  §econd  iwriesj  rmd  twfor*  the  Eoyal 
SociHy,  Mux  ISih,  \%7^*     AMrwrl  *if  Crooaian  Lpctiire. 
*  i£i*portftl  in  Now  Yi>rk  lied.  iouTtY,^M.iiiT^bi  1875. 
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the  prffifrtmtal  convolution,  where  it  leads  downwards  and  outwards;  that 
lor  nexioo  of  the  head  with  rutatioo  towardss  the  side  of  tlie  stimuliia  ts=  in  a 
part  itf  the  convolution  situated  still  farther  towards  the  tVcmt  and  down- 
ward, so  aa  to  Imj  invisible  in  a  view  of  the  brain  taketi  from  aho^-^e.  The 
centre  for  the  fecial  niusAcles  is  in  a  region  situated  on  the  lateral  part  of  the 
hetpis^phere  immediately  about  the  supra-Sylvian  fijsaure.* — The  eHeet3  of  the 
entire  removal  of  the  Cerebral  Hemispheres  have  been  already  stated  (| 
624),  Sr>  far  as  any  i'^ifereuces^  can  be  safely  drawn  from  them,  tfie^  fully 
bea r  out  th e  eou  e  1  usion  t  li a t  t  h e  Ce re b rn  m  ih  th e  o rga n  of  I  n tel  I  igen ce ; 
iiuee  the  animals  which  have  suffered  this  motilation  apj)ear  to  be  constantly 
plunged  in  a  profound  sleep  froru  which  no  irritation  ever  seems  able  to 
rouse  them  into  full  aetivitv,  although  they  give  raaDifestatiousof  nonsKnous- 
iiess.  It  would  he  wrong  henee  to  infer,  however,  aa  some  have  done,  that 
guch  would  be  the  natural  condition  of  an  animal  without  a  C^^rebrura ; 
since  it  m  obvious  that  much  of  the  dislurbaQce  of  the  sensfvrial  powers 
which  is  occ4isioned  by  this  o|>eratJou,  m  fairly  attributable  to  the  laying 
open  of  the  cranial  cavity^  to  the  disturbance  of  the  normal  vascular  pres- 
sure*  and  to  the  injury  nece^^riJv  done  to  the  parts  which  are  left,  by  their 
severance  from  the  Cerebrum.  Hence  the  pereistenee  of  consciousness  after 
the  entire  removal  of  the  Cerebrum. — which  proves  that  the  Cerebrum  ia 
7iot  its  seat,  or  at  least  not  its  exclmive  seat,— is  a  far  more  important  fact 
than  the  positive  destruction  of  psychical  power  which  is  consequent  upoQ 
the  oj>eration*  So  far  as  they  can  be  trusted,  however,  the  results  of  such 
mutilalions  bear  out  the  views  already  put  forth,  as  to  the  superadded  aittl 
n  on -essential  character  of  the  Cerebrum  ;  and  justify  us  in  applying  to  the 
higher  animals  the  inferences  to  which  we  should  be  led  by  the  contempla- 
tion of  those  forms  of  the  nervous  system  in  which  no  C'erebrum  exists. 
There  is  nothing,  therefore,  to  oppose  the  conclusion,  that  whilst  smtitatiom 
may  be  felt,  and  sensori-motor  actions  excited,  indefiendeutly  of  the  Cere- 
brum/ the  presence  of  this  organ  is  essential  to  the  formation  of  idens  or 
notions  re^jiecting  the  objects  of  sense,  and  to  the  j>erformance  of  those 
psyehieal  ofjenitions  for  which  ideas  fumbh  at  once  the  material  and  the 
stimulus  to  activity. 

568.  The  information  afforded  by  Pathological  phenomena  is  far  from 
being  definite,*  Many  instances  are  on  record  in  which  extensive  disease 
has  occurred  in  one  Hemisphere,  so  as  almost  entirely  to  dt^troy  it,  without 
either  auy  obvious  injury  to  the  mental  powers,  or  any  interruption  of  the 
influence  of  the  mind  upon  the  bcKly.  But  there  is  no  case  on  record  of  any 
such  severe  lesion  of  bofh  hemispheres,  in  which  morbid  phenomeua  were 
not  evident  during  life.  It  is  true  that,  in  Chronic  Hydrocephalus,  a  very 
remarkable  alteration  in  the  condition  of  the  Brain  M>nietiraes  presents  itself 
which  might  a  priori  have  been  supposed  destructive  to  its  power  of  activity  j 
the  ventricles  being  so  enormously  distended  with  fluid,  that  the  cerebral 
matter  has  seemed  like  a  thin  lamina  spread  over  the  interior  of  the  enlarged 
cranium.  But  there  is  no  proof  that  absolute  destruction  of  any  part  was  f  hua 
occasioned  :  and  it  would  seem  that  the  very  gradual  nature  of  the  change 
gives  to  the  structure  time  for  accommodating  itself  to  it     This,  in  fact,  is 


*  For  othpf  Tf^enl  re»iMirches  on  this  Bubject  s^e  floHunia,  G«zelte  M^icide  de 
Prtfi^s  No.  30,  1872;  Fuurnie,  Ket^herchea  Exp^  rim  en  tales,  1873;  Uri*?hton  Browrt, 
Brit,  Mt*d.  Jonrn.,  1875^  p.  447* 

'  It  1!  worthy  of  rtmitrk^  thnt  M.  Flourena,  who  in  Ibe  flrat  JnslHiire  mHtnUined 
thftl  i^en^*tiu|l  b  nlingetliur  d<?stroyed  by  the  rtyniovnl  of  thoCeriibrum^  hiis  MibfttHMt*'d, 
in  Ih^  Sec<md  Edititui  of  hti^  Keaearches,  the  wofd  peretpiion  Tot  Atnuaiion  ^  npp^f^ 
ently  implying  i*xiictly  wbHt  h  Timiotnined  libtive. 

»  For  Hbufiti&nt  evidt^nce  on  ihls  (vjini  amj  M  Bpowu^S^uard,  Archivej  of  Scient. 
and  Frwct.  Med.,  vol.  i,  1878»  p.  3i6&- 
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U\  be  Hotieed   iu  all  dii^c^ases  of  tlie  Eij^epbaloo.     The   pjtf 
flljseneo  tif  the  conHnl&sure  fmin  cougeiiilal  (imUin-matioti  n-f!ii 
bnitij  <  ill  this  ras|jt^t.'l}  at  least,  lo  the  level  of  that  of  the  ^' 
j>etl  or  yf  the  BinI  k  by  no  nieuos  an  uulWtiueiit  can?e  of  ilt 
power*     lii  ail  iiiterejiting  ease  refonU-d  by  Mr.  Paget, '  iu  whtch  tin*  mwlitk 
portion  of  the  ibrnix  and  the  whole  of  the  geptum  luciilum  wrre  *Wfii, 
Aviih  a  very  tbhi  and  t^hort  eorpns  calhi^nni,  the  subject  bad  been  ainrvwi , 
girl,  and  had  during  life  betrayed  a  peeuliar  want  of  furet bought  and  umn 
of  judging  of  the  [irohnble  result  of  things,  but  her  merimry  wji^  gixxl,  awl 
she  po^j^esaed  an  orditmry  amount  of  knowledge.     A  similar  ca^  hwlwoi 
reeorded  by  Mitchell  Henry.*    The  mental  defieieneies  in  this  ami  in  m<4t 
of  the  few  other  easeg  of  which  tlie  details  have  been  recorded,  H\mi  u>  \iun 
been  of  the  same  order;  and  this  is  exactly  what  might  bnve  h<-»-imand* 
pated  ;  since  the  deprivation  of  the.^e  fiarts  takes  awuy  thiit  whirh  t»  timtt 
characteristic  of  the  Orebrum  of  Man  and  of  the  higlier  MMmmnim:  *hnr 
inleliet^tiial  operations  being  peculiarly  di-!^ting"i^hed   by  i«j 

pmt  experience  to  the  predict  ion  of  the  futtin'^  \vh\eh  cno^.  tk 

nighe^t  efibrts  of  intelligence. — A  &widtm  les^ion^  ihut  may  b*f  my  tntidiga* 
to  escape  observation  unless  this*  b^  %'ery  earefully  rondnetv<l»  wilt  o^^  ji^i-.n 
very  severe  symptoms  ;  whilst  a  cbronic  disease  nmy  gradually  ext> 
without  auy  external  mauife^tation^     It  will  usually  be  found  tli 
paralysis?,  of  whicli  the  seat  Is  in  the  Brain^  rmuU^  from  §om*:  m 

of  blood  in  the  jsub^tanee  or  iu  the  neighborhwHl  of  the  C^ij-M.,  .,au; 
whiUt,  if  it  follows  disorder  of  loug  ^^tnjidiug,  a  much  greater  amotJt>t  iff 
lesion  commonly  present**  itself.     In  either  case,  the  pa  nil  v"  trs  iu  dn 

opposite  side  of  the  bodt/,  as  we  should  e3£|>ect  from  tho  >n  of  tiie 

Pyramids;  but  it  may  occur  either  on  the  sume,  or  on  thr  *■  14 

the  Jiicc^ — the  ca  \  ise  o  f  w*h  i  c  li  h  as  a  I  read  y  bee  n  explain  e<i  >     T I :  nft 

of  the  Cerebral  functious  occasioned  by  those  changes  iu  its  nuti  sUou  wtnek 
are  commonly  included  under  the  general  term  luflauiiuatiou,  nreseou  i 
marked  diversity  of  character  according  to  the  part  it  affectei.  Thu**  k  » 
well  kuown  that  the  Delirium  of  ejtcitem^ut  ih  usually  a  symptuni  of  ififl«iD* 
mation  of  the  cortical  substance  or  of  the  membraDes  of  the  Ueintaphcrw- 
Tbii  18  exactly  what  might  be  anticipated  from  the  foregoir»g  prt*nii^i«»  wtw* 
this  condition  is  a  jiervei-sion  of  the  ordinary  mental  opemlioiw,  wliieh  ti* 
dependent  upon  the  instrumentality  of  the  ve>leulaf  matter;  aud  ii  ii  fs\ 
dently  impossible  for  the  membranes  to  be  aiiected  with  iutlammHtioa,  witli- 
out  the  uutrition  of  this  substance  being  iiu paired,  ^iiuee  it  derivo  all  iti 
vessels  directly  from  them.  On  the  other  hand,  inAummatiou  of  the  ihnim 
portion  of  the  Cerebrum  is  usually  attended  rather  with  a  staU*  of  m^i 
than  with  excitement ;  aud  with  diminished  jwjwer  of  the  will  over  i^ 
mn^^cles.     It  h  stated  by  Foville,  that  in  acute  c.'a?=e?*  of  In-.  '    ^^ 

usually  found  the  cortical  substance  intensely  red,  but  withn'.  ^* 

the  membranes;  whilst  iu  chronic  cases  it  is  indunUetl  aud  adlui^iji>  ini* 
where  the  iusauity  has  beeu  complicated  with  Paralysis,  In^  hn^-  at^iidU 
found  the  medullary  portion  indurated  aud  cuugesled. 

5()ii*.  The  numerous  and  interesting  observations  which  havw  been  inidt 
during  the  last  few  years  ou  loss  of  the  tiiculty  of  language,  or  mtLftaf  !•" 
tollectual  expression,*  are  of  great  interest  in  reR^renc*^  lo  the  Phy«*ilo|p*' 
the  Brain.  It  is  commonly  associated  with  Right  lU^niiplcgia,  and  io  • 
large  proportion  of  tlie  cases  examined  after  death,  disease  hn^  ^"'••^i  ''"tul 
in  the  posterior  part  of  the  third  or  inferior  frontal  Ciurvohiti'  -^ 

hemisphere;  hence  the  conclusion  haa  been  drawn  that  the  fMiioi;  vi  i^ 

^  Mt^d.-Chir*  Trwns,,  vol,  jcxiv.  J  Op.  ciL,  ycl  iid 

*  Soo  A  pb  tain  I  Agniphju,  ete,;  in  this  Yejir-BookB  of  the  Ni:w  SydentiBin  doci«^« 


THE  OBRSBRVMy  AND   ITB   tTJUOtlOVB, 


705 


I 


JpiUlpi  hni'  h9  eeat  id  this  particular  convolution.  LaDguage,  however,  h  co- 
ext^iBiTe  wiih  thought,  aud  the  third  left  frontal  coovolutiou  is  not  the  seat 
of  langUftge  as  a  faculty  of  the  mind,  hut  simply  au  imjKirlanl  hnk  iu  the 
nervous  met'hanii?m  of  sf»eech.  Dr.  Hugh  lings  Jncksou^  haa  pointed  out 
that  language  luay  be  iutellectual  or  emotional^  and  that  when  all  power  of 
expressing  ideas  in  words  is  lost,  au  entire  phrase  may  be  uttered  under 
emotion.  Intellectual  language  again  or  iutellectuul  expres^ioQ  he  shows 
to  be  a  department  of  educated  movements  iti  general,  and  gives  reasons  ibr 
believing  that  the  entire  herais^phere  is  concerued  iu  its  evolution.  It  con- 
flicts with  all  preconceived  notions  that  the  \eiX  side  of  the  brain  should 
alone  liave  to  do  with  the  expression  of  ideas  in  lauguage,  hut  this  seems  to 
be  clearly  demonstrated  by  Pathology.  P.  Bn>ca  and  Dr,  Moxoq  have 
explained  it  by  snppi*sing  that  the  side  of  the  brain  only  is  educuted^  and 
Gratiolet's  ohservaLton  that  the  left  frontal  eouvolutiou??  are  develo|)ed  before 
the  right,  has  been  adduced  in  support  of  this  view,  ^vhich,  however;  camiot 
be  said  in  be  established*  The  meehauism  of  speech  and  thought  nuiy  lie 
represented  as  tbllows.  Impressions  derived  from  sensory  surfaceai  generally 
(lis.  Fig*  24^)  nu<\  from  the  organs  of  j^pecial  sense  (oa)  arc  translate^l  iu 
the  sensory  ganglia  of  the  ba.^  of  the  orain  (ox)  iuto  sensations.  These 
sensations  traufe^milled  upwards  to  the  cortex  of  the  hemispheres  liere  give 
riae  to  j>erceptious,  or  the  intellectual  recognition  of  the  external  causes  of 
the  sensations ;  by  combination  again  of  the  different  perceptions  derived 
from  a  given  object  an  idea  or  complete  inielleclual  representation  of  the 
object  is  formed  J  with  which  is  assix^iated  a  name.  The  "  |ierceptive  centres" 
(Bastian)  in  which  simple  perceptive  recognition  takes  place  (pc)  are  prob- 
ably siiuated  near  the  margins  of  the  hemisphere  where  the  convokitions  are 
directly  connected  by  fibres  with  the  central  ganglia,  while  ideas  are  sup- 
posed to  be  formed  in  the  convolutions  remote  from  the  margins,  mauy  of 
which  receive  no  fibres  from  the  central  ganglia  or  eru;?,  but  are  connected 
by  arcuate  fibres  with  the  marginal  convolutions  and  with  each  other.  Up 
to  the  preaeui  the  mechanism  describ- 
ed is  that  concerned  in  the  reception  of  p,o.  24g. 
impresi^ions  and  the  formation  and  as- 
sociation of  ideas.  Wlieu  these  ideas 
are  to  b^  expressed  in  words  the  prop- 
osition is  formulated,  and  the  phrase 
mentally  rehearsed  in  the  higher  con- 
volutions, and  transmitted  for  verbal 
expression  to  the  third  left  frontal 
gyrus,  the  functiou  of  which  is  to  pro- 
vide the  appropriate  words  or  motor 
symb^jls  in  which  the  idea  is  to  be 
clothed,  and  call  into  action  through 
the  corpus  striatum  the  motor  nerve- 
nuclei  in  the  medulla  which  are  eon- 
cernefl  iu  articulation  and  phonation. 
The  third  left  froutal  convolution  is 
thus  the  first  step  on  the  way  out  for 
words,  and  damage  here  leaver  the 
subject  of  it  able  on  the  one  hand  to 
uuflerstaud  what  i«  s^aid,  to  form  ideas, 

and  even  to  rehearse  propositions  in     ^^    ^    ^ ^ 

his  miod,  and  on  the  other  hand  able    000^  MoViiiiyiiitobiuogVt 


cr&t  ^i^QMry  Murfa^e.    ot.   Oplic  ttiAJKLuiiH     i^^. 
Corpus   BtrinUiiti^    3  irit.  ThlrtS   frtmtftl  cqq«oIu- 
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to  execute  all  the  nioveraents  requireil  for  articulation  and  pfioDatinD,  tlioug^b^ 
from  the  breach  in  the  meehauistH  for  translating  ideas  into  vvortls^  h^  b 
si>eechles«.  This  is  pnre  Aphasia^  but  cases  uncomplicateti  by  further  dam- 
age are  rare,  while  ssfieeehleiisneBs  of  a  totally  different  character  ii  nften 
cDnfonnded  with  Aphasia,  The  nervous  mechaDism  aiay,  in  fact,  be  tnjiireil 
atditlereiit  points.  Below  the  third  frontal  convolutioD,  ie^lon  m  tbe  Corpus 
Striatum  may  cause  itnpairnicut  of  articulation,  or  iu  the  medulla  nr  its 
nerves  more  or  Jess  complete  loss  both  of  phonation  aod  articulation  (o/a/rVi), 
Here  the  speech la^uess  is  simply  from  motor  paralysis,  but  other  forms  of  * 
B  peeeh  I  es^n  ess  a  rise  f ro  m  1  e^  i  o  u  s  i  a  the  ce  reb  ral  o  r  m  ku  ta  1  mechau  i  am ,  Cases 
have  been  met  with  iti  which  a  man  could  speak  and  write  correctly  while 
unable  to  reiid  a  t^ingle  word  even  of  what  he  hud  himself  written,  or  to 
uame  the  most  familiar  objett  sfiown  to  him  ;  the  association  by  which  the 
visual  perception  called  up  the  name  was  broken.  Let  the  as.s>ciatiun  be- 
tween the  auditory  perception  and  the  mime  be  similarly  broken^  and  we 
have  the  explanation  of  the  perplex irrg  easew^  in  which  a  patient  has  IcNit  all 
c<imprebens^ion  of  articulate  [?oun(i%  and  neither  under^tanda  what  la  said  to 
him  nor  what  he  says,  while  he  respond;*  promptly  to  signs,  and  appeara  to 
be  IntcUigent,  Thei?e  are  form?  of  Amnesia  or  loss  of  memory  for  words, 
but  there  are  other  n»ore  common  forms  of  Amnesia  in  which  a  fnitient  un- 
der:? lands  spoken  words,  but  cannot  recall  them  men  till  ly  soastorehear^a 
phriu*^e  or  profxjsition  iu  his  mind.  Very  frequently  a  degree  of  Amnesia  is 
as.sociated  with  Aphakia,  the  various  clegrees  and  combinatiocjs  of  Uj^  of 
memory  for  words  and  lo^^  of  memory  how  to  say  words  dcf»euding  upi5n 
the  region  and  extent  of  cortex  involved,  or  upon  the  severance  of  5brea 
connecting  together  diflercnt  seta  of  eonvohitions.  Again,  in  extensive  dis- 
ease of  the  Cortex  there  is  no  speech  because  there  m  no  idea ;  thii  if 
dementia  or  mutism. 

57  0.  Th  e  gen  e  m  1  resu  1 1  of  pat  h  o  1  ogi  cal  i  n  vest  i  gat  ion  is ,  t  hat  t  h  e  C^  reb  ru  i  n  h 
the  instrument  of  all  those  p^yrhkai  operations,  which  we  include  under  the 
general  term  Inieflectnai,  whilst  it  also  affords,  in  part  at  least,  the  im?t rumen tal 
cunditionsof  ^Vio/i'o«a/ stat€'s;  and  that  all  those  muscular  movements  whieh 
resu  1 1  fmm  volu  n  hiry  de  te  rm  i  n  ation  s ,  or  which  a  re  d  i  rec  1 1  y  eo  n  fK-i|  uen  t  u  p*  m 
einotmnal  excitement,  have  their  origin  in  its  vesieular  substance,  though  the 
motor  impulse  is  immeiliately  furnished  by  the  Cranio-iSpinal  apnarutus,  ujioo 
which  the  Cerebrum  plays  (^^47).  It  does  not  hence  fblhiw,  however,  that 
the  Cerebrum  has  sneli  a  direct  relation  to  the  Mind,  tliat  the  tH>nsciousaea* 
is  immediately  and  necessarily  affected  by  changes  taking  place  in  its  owa 
eubstanee;  and,  however  startling  the  prtipo&^ition  may  at  first  sight  anjiear, 
that  the  organ  of  the  intellectual  operation«  is  not  itself  endowed  with  c*tn- 
Bciousness,  a  careful  consideration  of  the  relations  of  the  C^erebnini  lo  the 
Bensory  Ganglia  will  itnd  to  show^  that  there  is  noc?  prufri  absurdity  in  ''uch 
a  notion.  For  if  the  connection  of  the  vesicular  matter  of  the  Cerebral  Hcmi- 
sphert^  with  the  Sensorial  Centres,  be  umitomically  the  same  as  that  which 
exists  between  these  centres  and  the  Retina  or  any  other  peripheral  i*X{Mia- 
sion  of  veBicular  matter  in  aw  organ  of  sense,  which  we  have  seen  that  it  is 
(5  564), — and  if  the  mime  kind  of  change  may  be  excited  in  the  Bensorial 
Centres  by  an  impression  from  each  source,  which  has  been  shawo  to  be  a 
matter  of  common  occurrence  (§  546),  it  can  scarcely  be  deemed  unlikely 
that  the  Sensonal  Centres  should  be  the  seat  of  consciousneiis,  not  merely 
for  the  impressions  transmitted  to  them  by  the  nerves  of  the  external  isenws* 
but  also  for  the  impressions  brought  to  them  by  the  *' nerves  of  the  tu tenia! 


1  Beo  Broiidb«ni,  Med.-Chir.  Truni.,  1B72-5,  lo  whom  the  MiU>r  U  ladobt4^  for  ^ 
much  Nid  in  drawing  up  this  lectioa^  Had  for  the  Figure  by  which  It  b  llluslrntt.^. 
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senses/'  as  we  may  dessigiiate  (after  ReH)  the  radiating  fibres  of  the  Cerebral 

Hemispheres  (§  5G4),  And  there  is  uti  the  other  ]mm\  un  a  priori  impmb- 
ability  that  there  should  be  hm  ^ats  of  coiisc'i<nisiies.s  so  far  removed  from 
one  another  as  ihe  Sensory  Ganglia  and  the  vei^icnlar  surface  of  the  Hemi* 
s|>heres  (for  to  their  medullary  siib:?itanee  no  such  attrihiiie  can  be  assigned 
with  the  Jeast  probahility) ;  an  idea  which  is  quite  at  variance  with  that 
very  .simple  antl  familar  dtn^^  of  phenomena,  whit^h  consis^ts  in  the  rm>//*^r- 
tionit  of  Jtematiom,  For  the  remembered  sen^^atiou  is  m  completely  the  re- 
proflnction  of  the  original,  that  we  can  hardly  gnppo^  the  seat  of  the  two  to 
be  di  He  re  lit;,  yet  the  act  of  recollection  h  clearly  lalellectual,  and  therefore 
Cerebral  j  consequently*  if  we  admit  that  the  8en?ory  Ganglia  arc  the  seat 
of  the  oHcjinal  s^eosalion.  we  can  ecarcelv  but  admit  that  they  ai-e  aUo  the 
seat  of  that  which  is  reproduced  by  the  Cerebral  act, — a  view  which  ig  folly 
confirmed  by  the  occnrrence  of  automatic  movements  as  consequences  of  its 
recall  (S  546).  And  a  careful  aualy^^is  of  our  own  mental  operations  will 
often  supply  evidence  of  the  evolution  of  rt^ull^,  such  as  ordinarily  proceed 
from  inteUectual  action,  without  any  consciousness  on  our  own  parts  of  the 
stcpfs  whereby  these  are  attained. 

57 L  W i t h ou t  p ret^ utn i n g ,  t h e n ^  to  affi r m  pos i ti vel y  wh a t  ca n n ot  be  p ro ved , 
it  may  be  stated  aw  a  probable  inference  from  the  facts  already  referred  to 
that  the  Sensory  Ganglia  constitute  the  seat  of  consciousjiei^,  not  merely  for 
impressions  on  the  Organs  of  Sense,  but  also  for  changes  in  the  cortical  s^ub- 
fitanee  of  the  Cerebrum  ;  so  that,  until  the  latter  have  reacted  dowiiwarda 
upi>n  the  Bensorium^  we  have  no  consciousness  either  of  the  ftfrmation  of 
ideas,  or  of  any  intellectual  procei*s  of  which  thtise  may  be  the  ^ubjecl.^. — 
Ideas,  Kniotions,  Intellectual  oi>e rations,  etc,  have  of  lute  l>een  frequently 
deiiigoatt.*d  a«**  states  of  consciousues.s ;"  and  this  psycbologieal  de^criptt<^n 
of  thenj  i&  in  full  harmony  with  the  physiological  account  here  gi%^en  of  the 
material  conditions  under  which  they  res^peeti vel y  occur.  For  as  a  Sen m^ 
tion  ii*  a  state  of  eonseionsness  excited  through  the  instrumentality  of  the 
SenfM)rium,  by  a  certain  change  ie,g.}  in  the  condition  of  the  Keilna,  it  is 
not  difficult  to  understand  how  a  chunge  iu  the  condition  of  the  Cerebrum 
may  excite,  through  the  s^ame  in.siruiiientaliiy,  that  stale  of  consciousness 
which  may  be  termed  Ideational,*  or  ilmt  another  change  may  proiluce  the 
Emotional  consciousne^^  another  the  Intuitional  consciousness,  another  the 
Logical  conscionsuesi?.  And  alt  hong!  j  It  may  be  thought  at  first  sight  to  be 
a  dcpartur*?  from  the  simplicity  of  Nam  re,  to  suppose  that  the  Cerebrum 
should  require  another  organ  to  give  us  a  conselotisness  of  its  operations,  yet 
we  have  the  knowledge  that  the  Eye  docs  not  give  us  visual  consciousness, 
Dor  the  Ear  auditory*  consciousness,  unle.ss  they  be  connected  with  the  Sen- 
sory Ganglia;  and  in  the  end  (the  author  leels  a  strong  assumuce)  it  will  be 
found  much  simpler  to  accept  the  doctrine  of  a  common  centre  ihr  Mmimliaiml 
and  for  what  may  be  distinguished  as  metfttd  consciousness,  than  to  regard 
two  centres  as  distinct.* 


1  The  Auihor  Teniuri>«  to  ti90  this  term,  the  meaning  of  whkb  requtros  no  expla- 
amtian*  nn  the  authority  of  Ut.  Jhih^^  Milt*  who  romiirkff,— *' A»  we  e«y  Si'n-itlit»n, 
wi?  rioght  dWftny  ldt*iition  ;  it  would  b**  n  v«*ry  artful  word  j  nnd  there  I^  noolij**eili(n 
to  it,  i^xwftt  Ihii  |jednntlc  hiibjl  of  df^Tyvii^  a  new  tt-rm.  Seti^Htion  is  the  gencvMl 
nHdii*  for  vue  pHrt  tif  imr  c<m*iituri-'0  [nr  fMtbcp  for  one  Btalo  i*f  our  consoWnifncfiR], 
Idtntion  lor  anotb<'r/'  (Analy^i*  of  lUe  Huniwn  Mind,  vi»l,  i,  p.  42  )— If  the  !is«  of 
the  e^ub^Uintive  I<iuulitin  b«  HdmiLt^,  Lhore  c$in  bo  no  rtjiison^bLB  objecUon  U*  Uh*  iid- 
jecljve  tdrationaL 

'  All  inierestiJig  Jind  suggeftJve  pajwr  by  Mr,  Lix;kbnrl  Cliirke.  On  tb<*  Naiure  of 
Volition,  wiM  be  found  in  Nou.  7,  8,  mid  b  uf  the  Psycho  log  ieiii  J^ninml  for  ISiVl. 
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6*   Of  Sleep  and  Somnambidisvi. 

572.  It  is  a  |>ei*uliur  feature  iu  the  Physiology  tit  the  Cerehni^  »tJ^. 
soriul  Ganglia,  that  their  activJiy  ynderg<w?s  a  perindiral  MiAptfi! 
or  \e^  Ciimplete;  the  nece-isity  tor  this  aii^peu^ioo  amtiig  out 
that  the  exercise  of  their  fmiHinm  is  in  itsell  Uestmclive  to  iheir 
so  that,  if  thi;^  be  not  replaced  by  nutritive  regeD&ration,  they  >\ 
come  iti capacitated  for  further  u^e.     An  ingenious  theory  of  tl 
sleep  has  been  advaiiceti  by  Boumier,Muuiided  ou  the  oLmta 
tenkofer  and  Voit  already  alluded  to  ( §  308,  xiK     Bomnier 
as  the  experiments  of  Pettenkofer  appear  to  show,  oxygen  h  l' 
stored  up  during  sleep,  a  period  will  probably  arrive  when  n 
excess  as  materially  to  accelerate  the  raetamorjihasis  of  U. 
other  ti^sueB,  and  as  a  cousequence  awakening  oceurs*     On  r 
daring  the  waking  state  the  stored  up  oxygen  is  gmdually  etin 
shtjwn  by  the  large  proportioLi  of  carbonic  acid  given  oHT,  nun] 
when  all  the  excess  has  been  consumed,  exhanstioo  and  g**tif?nil 
IS  experienced  accompanied  by  the  desire  for  sleep.     This  view  h;i 
pressed  at  considerable  length  by  Pfliiger,*  who  sug|,^esL^  that  the  ^^. 
h  maintained  by  the  violent  oseillatious  almost  eompiirahl^  tofi' 
sions  taking  place  in  the  molecules  of  the  oerebrul  »uli?tanc4!,  »i\ 
combination  of  the  intramolecular  oxygen  with   the  carbon  of 
These  vibrations  radiate  outwards  far  and  wide  along  thr  nerves  n 
tions.    As  the  oxygen  is  gradually  U54ed  up,  the  explo- 
activity  of  all  nervous  processes  less,  mental  ojteraiid!. 
energy,  the  exhausted  and  i]uiej*cent  nerves  are  no  1 
impressions  froni  without,  and  sleep  results.   On  Dr. i 
in  the  caui^atioo  of  r^ieep  are,  firat.  that  there  h  dimini-htri  nm 
of  the  cerebral  ceUj^,  whilst  colnddently  there  i.-^  a  ehaiigi'  i«' 
circulation  of  the  liraio»  so  that  lejss  blood  is  snpplicd  to  it,  ah 
quently  occupies  less  ?ipace.     But  as  the  brain-cane  ihh-^i  1»  r.ut- 
tie  veins  of  the  pia  rnater  undergo  gradual  and 
and  although  the  absolute  qtiannty  of  bkwxl  and 
nrcssure  remain   unaltered,  the  direction  of  the  j- 
IS  less  from  within,  and  more  on  the  surface  of  iht-  oilj^ui,  uim  v 
direction  of  pressure    the  continued  exercise  of  funciiofi  b  itir 
This  view  is  quite  in  accordance  with  the  inle renting   re»^  r  'i- 

Arthur  Durham' on  the  condition  of  the  firculatiou  in  ih*  '^^i 

sleep,  which  have  shown  that  the  brain  is  then  in  an  '    - 
condition,  and  that  not  only  the  quantity  but  the  mpjd 
the  blood  in   the  vessels  is  materially  diinint.^hed  ;  utid   thi- 
by  the  observations  of  Dr.  J*  Hiighlings  Jackson  on  thi 
condition  of  the  Retina  during  sleep,"*  the  optic  diKk  bn 
artericiS  smaller,  the  veins  somewhat  hirger,  and  the  neig: 
retina  more  aua?mic,  than  in  the  waking  state.     In  tjnlinary 
there  is  a  stJile  of  complete  unooiiaeiousness,  so  h.r  as  r  >-f'., 
are  concerned;  no  ordinary  impressions  up4ni  the  organs  i 

felt  or  perceived  J  although  an  extmordinury  imprtiSMion,  ^r.  c  .,  »  ^..  

one  upon  which  the  attention  has  been  previously  t1xf*d  asi  that  at  »Mci  *^ 

>  Hpnloand  PfHifror'i  2nii».  t  IU\.  Mi^.,  Bd«  xxiii,  1868,  p.  tU. 

«  Pflil^er*?  Arehiv,  1875.  p.  4m 
»  Cnppifs  Thh  Crujsiiiion  of  8W|i.  1872»  \u  82, 
^  Guy**  H"^|ih«l  Rt>pMri*,  Third  S*"rk»,  vol   tL 
*  S(Mj  Kfywl  Jjond.  Uptith,  Ump,  Kcporu. 
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sliimberer  is  to  awake  him.^elf  |  580)^  occaslotis  a  renewal  of  seiisorml  ac* 
tivit)%  It  is  ill  this  capahility  of  being  arouj^ed  by  external  impre^lons, 
thill  the  chief  difference  lies  between  Bleep  and  the  ah  norma]  eon  4  it  ion  of 
Coma*  whether  this  arise  from  the  influence  of  pressure  or  effiision  within 
the  craDiiim,  or  be  conaequeut  upon  the  poifiouiog  of  the  blood  by  narcotic 
iuh^taDccfi,  or  follow  a  previous  state  of  abnormal  activity  of  the  bruin » 
Wch  a:*  Delirium,  Betwi^en  these  two  conditions,  however,  every  gradation 
may  he  j^een  :  a^  in  the  orradually  increai?ing  torpor  which  reaulta  from  s^low 
efinstion  within  the  cmnium.the  gradual  hi^s  of  sasceptihility  to  external  itn- 
pre5?ioos  which  is  observed  on  the  appUcation  of  Cold  to  the  nt^rvous  ren- 
trea,  as  in  the  interesting  experiments  of  Dr.  Richardson  and  Dr  Weir 
Mitchell/  or  afW  an  overdose  of  a  oarcotir,  n^  well  as  in  the  ititensiHcation 
of  ordinary  sleep  which  is  consequent  upim  extreme  previuus  fatigue.  But 
it  is  a  matter  of  doubt*  whether  the  suspension  of  sensorial  consciousness  is 
equally  complete  as  regards  iW^rfl a/ or  Cerebral  changes;  for  some  are  of 
opinion  that,  even  in  the  mosit  profVnind  sleep,  v^e  still  drenm,  although  we 
may  not  remember  our  dreams;  whilst  otlier*  (and  among  these  the  Auth<ir 
would  rank  himself )  consider  that  dreaming  is  a  mark  of  im|)erfect  ttleep, 
and  that,  in  profound  ordinary  sleep,  the  Cerebrum  in  common  with  the 
Sensory  Ganglia,  is  in  a  i^tate  of  complete  functional  inactivity*  When 
Dreaming  lakes  place,  there  is  usually  a  less  complete  exclusion  of  sensory 
impres-ions,  although  the  perceptive  con(*eiou?«ness  may  he  entirely  sus|>ond€!d; 
80  liiat  the  course  of  the  dream  may  he  influenced  by  them,  although  the 
mind  if*  not  conscious  of  them  as  surh  (§584).  If  this^  he  the  true  atrount 
of  the  ea:?e,  we  may  consider  that  in  profound  Bleep  the  functional  activity 
of  the  Cerebrum  and  of  the  Senj^ory  Ganglia  is  alike  suspended  ;  but  that  in 
Dreaming  the  Cerebrum  is  partially  active,  whilst  the  Sensonuni  is  in  such 
a  con<lition  of  receptivity  for  Cerebral  (suhjective)  impressions  that  the  mind 
becomes  diroetly  conscious  of  them^  though  it  only  becomes  conscious  of  (ob- 
jei'tive)  impreji.'^ions  made  upon  the  Organs  of  8ense^  nfter  their  intlneuce 
has  Ikien  transmitted  through  it  to  the  Cerebrum*  and  has  been,  asit  were, 
reflet'tcd  hack  by  that  organ.  It  is,  in  fact^  by  their  influence  upon  the  cur- 
rent <jf  idem^  and  not  by  their  power  of  exciting  ienHatiojutf  that  we  recog- 
nize their  tjperations;  under  such  circumstances. 

573,  The  state  of  sleep  is  one  to  which  there  is  beyond  doubt  a  periodical 
tendency  ;  for^  wheu  the  waking  activity  has  continued  during  a  considerable 
proportion  of  the  twenty-four  hours,  a  sense  of  fatigue  is  usually  experiertced, 
whicii  indicates  that  the  brain  requires  repose^  and  it  is  only  under  some  very 
strong  ]>hysical  or  moral  stimulus,  that  the  mental  energy  can  be  sustained 
through  the  whole  cycle.  In  tact,  unless  some  decidedly  almormal  condition 
of  the  Cerebrum  be  induced  by  the  protraction  of  its  functional  activity^  Sleep 
will  at  last  supervene,  from  the  absolute  inability  of  the  organ  to  sustain  any 
further  demands  upon  its  energy^  even  in  the  midst  of  opposing  influences  of 
the  most  powerful  nature*'    That  the  strongest  Volitional  determination  to 

1  B**e  for  Dr.  Richurdson's  experimental,  Mpdicnl  Times  nnd  Gft^ctte,  ISBT^  vol.  b 
p  4S9  ot  e^'q, ;  and  for  tlittee  of  Br.  Miiclvell^  the  AmmcMn  Jt^urrml  of  Mudlcal 
ScteiK"<»,  imi,  p.  102. 

^  Tbu»  It  ifl  on  rt^cnrd,  thdt  during  the  hi?ftt  of  thft  bftUlrt  of  the  Nile,  %ofn^  of  the 
oVerf»lJgued  hoy?  fi?U  asloi^p  upon  tho  deck  ;  uod  dnrtn^  the  lur*t  HtUek  upon  Riingooni 
%he  CupiHin  of  one  of  tht*  w«r-steiimers  most  HCtivdy  fcni:ttiifi»d,  w'>rrv  out  by  tbe  e%- 
tm*  of  continued  mpntRl  tertsiun*  fell  BsWpt  und  pemaint^d  pprftictly  unconscious  for 
two  hour?*  within  h  yard  of  one  of  his  1?irg;<3kst  gun<i|  whit'U  w»is  being  wofk^id  enor^et- 
icully  during  the  whole  p<»riod, — 8o  even  the  severest  bodily  pain  yields  before  l ho 
imperntivH  demtmd  occaftioiicd  by  tho  contiruied  f^:ihiiuPtU>n  of  the  powers  of  the  »en- 
ioHiil  e4)nir<H«;  thus  DHmien^  *lept  tipon  the  rat'ki  durinj^  the  int^rvaU  of  hja  t*ruel 
suficriii^ ;  the  Hortb  Amorleiin  Indian  at  the  fltitke  of  torture  will  go  lo  »]^p  on  %h» 
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remain  awake  is  forced  to  give  way  to  8k'ep,  when  this  U  reqiiirtni  hy  the 
exhaustion  nf  nervous  power,  nuifit  be  withiu  the  exjjeneoee  of  evtry  oo^e; 
ami  the  ouly  way  in  which  the  Will  can  even  retard  it^  afciisa,  b  by  de- 
terniiiiately  fixing  the  conseiousnesa  upon  eome  definite  ohieet,  aud  resisiiug 
every  tendency  in  the  thoughts  to  wander  from  thb.  It  doe-^  not  apfM*ar  ta 
be  of  any  conaequcnce,  whether  this  exhaustion  be  produced  by  the  active 
exercise  of  volition,  reflexion,  emotion,  or  simple  sensation  \  still  we  ftnd  that 
the  voiiimnai  diretliou  of  the  thoughts  Jn  a  course  different  from  that  in  wh it'll 
they  lend  spontaneously  to  flow,  is  productive  of  far  more  exhaustion  than 
the  automatic  activity  of  the  mind  j  whilst,  on  the  other  hand,  the  excess  uf 
antffHintk  activity,  whether  as*  regards  the  inteUeetual  operations  or  emaitotml 
excitement,  tends  to  prevent  sleep.  This  is  particularly  the  case  when  the 
feelings  are  deeply  interested  ;  thus  the  strong  de>iire  to  work  out  a  res^nlt^or 
to  complete  the  survey  of  a  subject,  is  often  sufficient  to  keep  up  the  intel-  j 
lectual  activity  as  Jong  as  may  be  retjuiftite  (a  state  of  restl es.su eiis  indeed 
being  often  induced,  which  prevents  the  aceess  of  sleep  for  some  time  longer); 
so^  again,  anxiety  or  distress  is  a  most  frequent  cause  of  wakefulne^;  and  it  ij 
generally  to  he  ^ibserved  that  ibe  state  of  AmpenM  is  more  oppo^d  to  the 
acee^  oi"  sleep,  than  the  greatest  joy  or  the  dire^^t  calamity  when  csertainty 
has  been  attained,^  But  although  an  excess  of  automatic  activity  b  opposed,  i 
so  long  as  it  contioues!,  to  the  access  of  sleep,  yet  it  cannot  be  long  protracti^ 
without  occasioning  an  extreme  exhaustion  of  nervous  p<jwer,  which  neces- 
sitateg  a  long  period  of  tranquillity  for  itis  complete  restoration, 

574.  Whilst,  however,  the  necessity  for  Sleep  arises  out  of  the  st^te  of  the  I 
nervous  system  ilJ^elf,  there  are  certain  external  conditions  whii-h  favor  itf 
acce^;  and  these,  in  common  parlance,  are  t^i^rmcd  m  predisposing  eauM», 
Among  the  most  powerful  of  these,  is  the  absence  of  sensorial  impressions; 
thus  darkues.^  and  silence  niiually  promote  repose;  and  the  ce^^ation  of  th« 
sense  of  muscular  effort,  which  takes  phiee  when  we  assume  a  fj«j^itioii  thai 
is  sustained  without  it,  is  no  less  conducive  to  slumber.     There  arc*  casc«i 
however^  in  which  the  emditiitfin€:e  of  an  accustomed  sound  is  net^*$sjiry»  in- J 
stead  of  |>ositive  silence,  the  ce*?sation  of  the  sound  being  a  complete  iirev^n- 
tive  of  sleep  ;  thus  it  happens  that  per^ns  living  in  the  neighbijrh*Mjii  uf  ihi  | 
noisiest  mills  or  forges  cannot  readily  sleep  elsewhere*     8uch  eaaci»  are  ref- 
erable either  to  the  influence  of  habit^  which  causes  the  attention  of  the  in- 
dividual  to  be  more  attracted  by  the  suspension  of  the  sound  than  by  it^  ma- 
tinuanee;  or  to  the  fact  that  the  mofwfmwus  rrpeUtioti  of  sensorial  iiupres-J 
aions  is  otlen  more  favorable  to  sleep  than  tlicir  complete  abseuee.     Thus  it 
is  within  the  experience  of  every  one,  that  the  droning  voice  of  a  heavy 
reader  on  a  dull  subject  is  often  a  most  effectual  hypnotic ;  in  like  initnnef, 
the  ripple  of  the  calm  ocean  on  the  shore,  the  sound  of  a  distant  wateHall,  I 
tlie  rustling  of  foliage,  the  hum  of  bees,  and  simitar  impre^s^ions  op^n  th&j 
auditory  sense,  are  usually  favorable  to  sleep;  and  the  mueieular  and  lartilel 
sense!*  may  be  iu  like  mauner  affected  by  a  uniform  suceesi^iolJ  of  geufJaJ 
movementSj  as  we  see  in  the  mode  in  wbicli  uurseis  **  hush  off**  iufant^,  or  ial 


least  remii^^mn  of  ni^fnyt  and  will  ilumber  until  tlto  5ro  iff  applied  Xq  ttWftk<*n  hifn; 
snd  thf   M#^dieiil   Prnctirion<'r  bjn*  fr<*(|U(>ht  Uhi-^trHtliins  ^if  ttit^  j^nme  fiicl,^Thiit  ih 
contttiued  <l(*mntitl  for  mu^t'uliir  Hctlvity  i*  luit  tnrc^mpiitiblc  with  thr  Mcci^as  of  *l^'p,  I 
b  obvimis  from  what  hns  btxrn  iilrcudy  f^aid  of  the  pnr*i*t<*n*^i^  of  the  mitomatk-  iiinvw 
merits  in  that  condition;  it  is  well  known  tliwt,  previougjy  In  ihe  «hf)rit<»init  of  tlicl 
hiuar^  of  work,  fiictory  children  frttjuetilly  fell  fflsli?ep  whilu  nt tending  to  Lh*nr  mii^i 
chines,  ftkhaUEFh  wiUfftwiiTG  thi«t  they  s-huuld  incur  severe  punishment  by  4mng  ^a 

^  Thtii  it  i»  a  common  observation,  tbwt  criininjiU  ninler  fenlenee  i>t  di»uih  jtWp 
badly  so  lon^  as  Uiey  enicftHin  any  hojves  of  a  reprieve;  but  when  once  the%' «rtt] 
Btitb64Hl  that  I  heir  di^ath  h  in^vttabU,  they  utu^allj  deep  mor«  auundlyf  and  tJiif  i 
ipri  the  very  Iml  night  of  their  tive*. 
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the  practice  of  ^etit?y  i^uhbiog  some  part  of  the  bod>%  which  hm  been  success- 
fully employed  by  mtioy  who  could  not  otherwl^se  compose  them-^lves  to  i^leep* 
The  reaclm^  of  a'(iull  boiik  nvts  ill  the  same  mode  through  the  visual  fieose  ; 
for  the  eyes  wander  on  from  line  to  line,  and  from  page  tn  page^  receiving  a 
series  of  seasonal  impi-eHsions  which  are  themselves  of  a  very  monotoDous 
kind,  and  which  only  tend  to  keep  the  attention  alive  in  proportion  as  they 
excite  interesting  ideas. 

575.  In  these  and  similar  cases  the  influence  of  external  impresaions  would 
eeera  to  be  exerted  in  withdrawing  the  mind  from  the  distinct  consciousness 
of  its  own  operations  (the  losis  of  which  is  the  trans  it  ion -state  towards  that 
of  complete  uncojisciousuess),  and  in  suspending  the  directing  power  of  the 
Wilh  And  this  is  the  case,  even  where  the  attention  is  in  the  first  instance 
vuiittttariiy  directed  to  them;  as  iti  sonie  of  the  plans  which  have  l>een 
recommended  (or  the  induction  of  sleep,  when  there  exists  no  spontaneous 
disposition  t**  it.  In  other  methmis,  the  attention  is  fixed  upfin  some  iniernai 
train  of  thought,  which,  when  once  set  going,  may  be  carried  on  automai- 
icuUy  ;  such  aj*  counting  numbers,  or  repeating  a  French,  Latin,  or  Greek 
verb.  I  neither  case,  when  the  sensorial  cousciousness  has  been  imce  steadily 
fixed,  the  monotony  of  the  impression  (whether  received  from  the  Organs  of 
Sense,  or  from  the  Cerebrum)  tends  to  retain  it  there;  so  that  the  Will 
abandons,  as  it  were,  all  control  over  the  operations  of  the  mind,  and  allows 
it  to  yield  itself  up  to  the  soporific  influence.  This  last  method  is  peculiarly 
effectual  when  the  rest le^n ess  is  dependent  upon  some  mental  agitation ; 
provided  that  the  Will  has  power  to  withdraw  the  thoughts  from  the  excite 
ing  subject,  and  to  reduce  thera  to  the  tranquillizing  state  of  a  mere  mechan* 
ical  repetition. 

570,  The  access  of  Sleep  is  sometimes  quite  sudden  ;  the  individual  pass* 
ing  at  once  from  a  state  of  complete  mental  activity  to  one  of  entire  torpor. 
More  generally,  however,  it  h  gradual ;  and  various  intermediate  phases 
may  be  detected,  some  of  which  l:>ear  a  close.  ret*emblance  to  ihe  st4ite  of 
Reverie,  The  jsamc  may  be  said  with  re^jard  to  the  transition  from  the  state 
of  Sleep  to  that  of  wakeful  activity  ;  and  this  also  may  be  sudden  and  com- 
plete, although  it  nsnally  consisti*  of  a  succession  of  stages — the  complete 
coiii^uiousue.ss  of  the  individuaFs  relation  to  the  external  world,  and  the 
power  of  directing  his  thoughts  and  actions  to  any  subject  about  which  he 
may  be  requirefl  to  exert  himself,  being  the  last  to  return  to  him.  There 
may  be  a  rapid  alternation  of  these  different  states ;  the  loss  and  recovery 
of  the  waking  consciousness  being  many  times  repeated  in  the  course  of  a 
few  minutes,  when  the  circumstances  are  such  as  to  prev^ent  the  access  of 
profound  sleep  by  the  recurreuce  of  sensory  impressions;  as  when  a  nian  on 
non*eback,  wearied  from  want  of  rest,  lap^^es  at  every  moment  into  a  dozing 
state,  from  which  the  lo^^s  of  the  balance  of  his  body  as  frequently  and  sud- 
den arouses  him ;  or  when  a  man  going  to  sleep  in  a  sittiug  posture,  grad- 
tUilly  loses  the  support  of  the  muscles  which  keep  his  head  erect,  his  head 
droops  by  degrees,  and  at  Imt  falls  forward  on  bis  chest,  and  the  slight  shock 
thence  ensuing  partially  arouse.^  and  restores  bis  voluntary  power,  which 
again  raised  the  head.  Similar  fluctuations  occur  in  the  itensory  perceptions* 
and  thesse  may  he  often  artificially  induced  by  very  simple  means.  "  We 
find,  for  example,  one  condition  of  sleep  ao  light,  that  a  question  a^ked  re- 
itores  eonsciousnejsa  enough  for  momentary  uuderstanding  and  reply  j  and 
it  IB  an  old  trick  to  bring  sleepers  into  this  state,  by  putting  the  hand  into 
cold  water,  or  produce  some  other  sensation,  not  so  active  as  to  awaken,  but 
BufBeient  to  dmw  the  mind  from  a  more  profound  to  a  lighter  gl umber, 
Thiji  may  be  often  repeated, sleep  still  going  on;  but  make  the  sound  louder 
and  more  sudden,  and  complete  waking  at  once  ensues*    The  same  with 
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other  sensations,  I>ret  the  pleeper  be  gently  touched,  and  he  sKows 
bilitTt  if  at  all,  by  some  $Ught  muscular  movetnent,  A  ruder  timch  exC 
more  dbturbauce  and  raotiou,  and  probably  chaoges  the  current  of  dream- 
mg;  yet  sleep  will  goon;  and  it  cj^en  ref|uires  a  rough  shaking,  particu- 
larly in  young  persons,  before  full  wakefulness  can  be  obtained/'  *  .  .  -^Il^ 
h  certain  that  the  facalties  of  sen^^ibiliiy  and  volition  are  often  unequallr 
awakened  from  sleep.  The  case  may  be  stated,  ftimiliar  to  many,  of  ii  per- 
son sleeping  in  an  upright  posture,  with  the  head  falling  over  the  hrea,**t;  ia 
whom  sensibility  is  suddenly  aroused  by  some  external  impression,  but  who 
is  unable,  for  a  certain  time,  to  raise  hts  head,  though  the  sensation  prfxluced 
by  this  delay  of  voluntary  action  is  singularly  di.-^tre^^ing/'  These  various 
cases,  it  is  justly  remarked  by  8ir  H.  Hollanll/  depending  severally  on  the 
intengity  of  sleep,  and  on  the  kind  and  degree  of  the  external  exctting-  causes, 
will  be  found  to  explain  many  of  those  so-called  Mesmeric  phenomena, 
which  are  offered  to  us  under  a  widely  different  interpretation.  And  it  may 
be  here  remarked,  that  among  those  intermediate  stages  between  sleep  atid 
waking,  which  either  occur  spontaneously,  or  can  be  induced  in  numerous 
individuals  by  very  simple  processes,  there  are  several  which  exhibit  pt^cu- 
liarities  that  are  not  in  themselves  in  the  least  degree  less  re  mark  a  bit?,  thaa 
are  those  which  are  regarded  with  so  much  wonder  by  the  uninforine<l  ob-  | 
server,  when  induced  by  the  asserted  Mesmeric  influence,  and  paraded  m  j 
ipecimens  of  its  power, 

577.  It  is  unquestionable  that  the  supervention  of  81  eep  tnay  be  promated 
by  the  strong  previous  expectation  of  it;  and  this  is  true,  not  merely  of  ordi- 
nary sleep,  but  of  the  states^  of  artificial  Reverie  and  Soinnambulihim  for- 
merly described.  Every  one  knows  the  influence  of  habit,  not  only  in  re- 
gard to  *'  time,'^  hut  also  m  to  **  place  and  circumstance/'  in  predisposing  lo 
Sleep,  Thus,  the  celebrated  pedestrian,  Captain  Barclay,  when  accomplish-  « 
Ing  his  extraordinary  feat  of  walking  10f)0  luile^in  as  many  successive  hours,  ' 
obtained  at  last  such  mas^tery  over  himself  that  he  fell  asle<^p  ibe  instant  h«i ' 
lay  down.  And  the  sleep  of  soldiers,  sailors,  and  others,  who  are  prevented 
by  *Muty"  from  obtaining  regular  jwriodsof  re]K>se,  but  are  obliged  to  take 
their  rest  at  short  intervals,  may  be  almost  said  to  come  at  command; 
nothing  more  being  necessary  to  induce  it,  than  the  placing  the  body  in  an 
easy  petition,  and  the  ck»su're  of  the  eyes.  It  is  related  that  the  Abb^ 
Farta,  who  acquired  notoriety  through  his  power  of  inducing  somnambuliifm, 
was  accustomed  merely  lo  plaue  his  patient  in  an  ann-chair,  and  then,  after 
telling  him  to  shut  his  eyes  and  collect  himself,  to  pronounce  in  a  strong 
voice  and  imperative  tone  the  word  "dormez,"  which  was  usually  sueeessfat. 
The  Author  has  had  frequent  opportunities?  of  satisfying  himself,  that  the 
greater  success  which  attended  the  "hypnotic"  mode  of  inducing  somnam- 
bulism, iu  the  hands  of  Mr.  Braid,  its  discoverer,  than  in  that  of  others, 
partly  lay  in  the  mental  condition  of  his  sulyt^ta,  who  came  to  him  for  th®  ' 
most  part  under  the  confident  expectation  uf  Its  production^  and  were  fur- 
ther assured  by  a  man  of  very  determined  will,  that  it  touid  not  lie  re- 
sisted.* And  it  IB  one  of  the  most  curious  phenomena  of  the  state  of  ia* 
duced  Reverie,  absurdly  called  ''biological,''  that,  in  many  subjects  at  Iciist, 
sleep  may  be  induced  in  a  minut€  or  lees,  by  the  positive  assuranee,  wiiii 


^  See  hii  ©xceltent  ehftjiter,  on  Sleep,  from  which  lh<*  above  AXlr*ct»  ar«  Ukeo,  ia  ] 

h\§  Me^Ucnl  Note.*  and  BefltM^tinns,  and  his  Chuptors  on  Mi-nlnl  Fhyfiology. 

*  A  vpi-y  Binuslri!;^  instHnce  in  vfhivh  iSI©e|>  hftving  been  previously  indiicf^d  by  tN 
ordinnry  ''  mt'^mcric "  und  then  by  the  '*  hypnotic**  proc^jA&^a*,  wn«  broutrbt  on  lif  t\m 
simple  belief  thnt  a  new  protes.^  wii,*  being  put  In  practice,  will  be  fauna  in  the  BriL 
und  For.  Med*  Rev.,  yol.  xix,  p,  177* 
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whldi  the  miud  of  the  mdivldual  becomes  posaessed,  that  it  wlU  and  must 
supervene. 

578,  The  influence  of  previous  mental  states  is  yet  more  remarkable  iu 
deierminitig  the  eflTects  produced  upon  the  sleeper  by  differeot  senifiory  im- 
pressions. The  general  rule  is,  that  hahifual  impresdons  of  any  kiml'havc 
much  le^  effect  in  arousing  the  slumherer  than  those  of  a  new  or  unaccus- 
tomed character  An  amui^ing  in.Htauce  of  this  kind  has  been  related  to  the 
Author,  which,  even  if  not  literally  true,  serves  extremely  well  as  an  illuB- 
tration  of  what  h  unoue-stiouably  the  ordinary  fact.  A  gentleman  who  had 
taken  hi.^  f massage  on  board  a  §hvp  of  war,  was  aroused  on  the  first  morning 
by  tlie  report  of  the  morning  gun,  which  chanced  to  be  fired  just  above  his 
berth  ;  the  ahock  was  so  violent  as  to  cause  him  to  jump  out  of  bed.  On 
the  sec(*nd  morning  he  was  again  awoke,  but  this  time  he  merely  started 
aad  sat  up  in  beil :  on  the  third  moruing  the  report  had  simply  the  cflTect  of 
causing  him  to  open  his  eyes  for  a  moment  and  turn  in  his  bed  ;  on  the  fourth 
morning  it  ceased  to  affect  him  at  all ;  and  bis  slumbers  continued  to  be  un- 
disturljed  by  the  report  so  long  as  he  remained  on  board.  It  often  happens 
tbat  sleep  is  terminated  by  the  cemaUon  of  an  accustomed  sounds  especially 
if  this  be  one  whose  monotony  or  continuous  repetition  had  been  the  original 
iDducement  to  repose.  Thus,  a  perscm  who  has  been  read  or  preached  to 
sleep,  will  awake^  if  his  shim  her  do  not  very  profound^  on  the  cessation  of 
the  voice ;  and  a  naval  officer,  sleeping  beneath  the  measured  tread  uf  the 
watch  on  deck,  will  awake  if  that  tread  be  suf^pended.- — In  this  latter  case 
the  influence  of  the  siiupie  cessation  of  the  impreitsion  will  be  augmented 
by  the  circumstances  next  to  be  alluded  to,  whicli  ha^  received  too  little  at- 
tention from  writers  on  this  subject,  but  which  is  of  peculiar  interest  both  ia 
a  physiological  and  psychological  point  of  view,  and  is  practically  familiar 
to  almost  every  one, 

57D,  The  awakening  power  of  sensory  impressions  is  greatly  modified  by 
our  hublUvd  date  of  mind  in  regard  to  them.  Thus,  if  we  ai^  accUisiDnied 
to  attend  to  these  im precisions,  and  our  perception  of  them  is  thus  iiumisitd 
in  acutene^s,  we  are  njuch  more  easily  aroused  by  them  than  we  are  by  others, 
|k]|lbieh  are  in  themselves  much  stronger,  but  which  we  have  been  accustomed 
t©  disregard.  Thus,  most  sleepers  are  aroused  by  the  sound  of  their  own 
nameg  uttered  in  a  low  tone,  when  it  requires  a  much  louder  sound  of  a 
different  des^eription  to  produce  any  manifest ation  of  consciousness.  The 
same  thing  is  seen  in  comato^  states;  a  patient  being  often  found  cafiable 
of  being  momentarily  aroused  by  shouting  his  name  into  his  car,  when  no 
other  sound  priMiucei?  the  least  effect. — ^The  tbl lowing  cireumataDce,  commu* 
nicated  tu  the  Author  by  the  late  Sir  Edward  Codrington,  is  a  most  apposite 
illustration  of  this  principle.  When  a  young  man,  he  was  serving  as  signal 
lieutenant  under  Lord  Hood,  at  the  time  when  the  French  fleet  was  confined 
in  Toulon  harbor  j  and  being  desirou,*  of  obtaining  the  favorable  notice  of 
bis  commanderjie  devoted  himself  to  his  duty  (that  of  watching  for  signals 
made  by  the  lookout  frigates)  with  the  greate*?t  energy  and  perse verauce, 
often  remaining  on  deck  nineteen  hours  out  of  the  twenty-four^  with  his 
attention  constantly  directed  towards  this  one  object.  During  the  few  hours 
which  he  spent  in  repose  bis  sleep  was  so  profound  that  no  noise  of  an  ordi- 
nary  kind,  however  loud,  would  awake  him  ;  and  it  usetl  to  be  a  favorite 
amusement  with  his  comrades  to  try  various  experiments  devised  to  test  the 
g4>undnesi  of  his  sleep.  But  if  the  word  *' signal"  was  even  whispered  in 
bis  ear,  he  was  instantly  aroused,  and  fit  for  immediate  duty. — The  influeuce 
of  habitual  attention  is  shown  as  much  in  the  effect  produced  by  the  cessa- 
tion, as  in  that  of  the  occurrence,  of  sensory  impressions.  Thus,  in  the  case 
of  the  naval  officer  aroused  by  the  suspension  of  the  me^ured  tread  of  the 

m 
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watch  over  his  head,  the  knowledge  possessed  during  the  waking  state,  thai 
this  saHpension  is  either  an  act  of  negligen<^e  which  refjuirea  notiee,  or  uidi- 
cates  some  unusual  occurrence,  douhtiess  augments  the  etfeet  which  the  dis- 
continuance of  the  sound  would  of  itself  produce, 

580.  It  18  not  requisite,  however,  that  the  souml  should  be  one  habitually 
attended  to  during  the  houm  of  watch fulne^;  for  it  is  §ufficieut  if  it  be  | 
one  on  which  the  attention  hm  been  fijced  as  that  at  whicli  the  slumberer  is 
to  arouse  himself.  Thus  the  medical  man,  even  in  hiis  first  pn>touud  sleep 
after  a  fatiguing  day's  work,  is  aroused  by  the  fir^t  stroke  of  the  clap[>er  of  1 
his  night'bell ;  and  to  those  who  are  accustomed  to  rise  every  morning  at'j 
the  sound  of  an  alarm  clock,  the  frequency  and  regularity  of  the  cx-curreiui© 
do  not  diminish,  but  rather  increase,  the  readiness  with  which  it  protlucen* 
its  efTeet,  provided  tiiat  the  warning  be  promptly  olieyed.  On  this  usually 
depends  the  efficiency  of  the  awakening  sound ;  if  it  be  regarded  as  a  thing 
to  which  there  li^  no  occasion  to  give  heed,  it  very  mon  cea.ses  to  proiiuee 
any  eifeot,  the  entire  peal  not  being  sufficient  to  awake  the  ^let?per ;  whikt, 
on* the  other  hand,  the  fir*?!  stroke  is  enough  to  break  the  repose  of  him  who 
is  impre?^sed  with  the  efiectnal  de.iire  of  profiting  by  the  warning.  And  thus 
it  may  happen  that,  of  two  persons  in  the  same  r«>om, either  shail  bo  at  once 
artmsed  by  a  sound  which  produces  no  disturbance  in  the  slunibersof  the 
other.  To  this  influence  of  previous  impresftjion^,  whether  habitual,  or  but  onoe 
forcibly  made,  we  are  also  to  refer  the  spontaneous  termluation  t^f  the  state 
of  sleep  at  particular  times,  without  any  aensorial  excitement  from  external 
impressions.  Thus,  many  persous  who  are  accustomed  to  rise  at  a  imrtieuJar 
hour,  wake  I'eguhiHy  at  that  hour,  whether  they  have  gone  to  rest  early  or 
late  J  so  that  the  act  of  spontaneously  awakening  is  no  proof  that  the  desir- 
able amount  of  repose  has  been  obtained.  But  what  is  more  renjarkuble  is, 
that  many  individuals  have  the  power  of  determining,  at  the  time  of  going  ' 
to  rest,  the  hour  at  whicli  they  shall  rise,  so  as  to  awake  from  a  protbuaa 
sleep  at  the  precise  time  fixed  upon.  In  others,  however,  the  desire  to  rts© 
at  a  particular  hour  only  induces  a  state  of  restlesi^ness  throughout  the  night, 
destroying  the  soundness  <if  the  sluiTibers;  the  indivitlual  awakes  many 
time^  in  the  night,  with  the  belief  that  the  hour  is  past,  and  very  posaibly 
overs^leepA  it  after  all,  the  system  being  worn  out  by  the  need  of  refiose. 

581.  The  Amount  of  6Vfe/>" required  by  Man  is  affected  by  so  many  con- 
ditions, es|>ecially  atje,  temperament,  haliit,  and  previous  e^handi^nu  that  m 
general  rule  cun  l>e  laid  down  ou  the  anbject.— The  condition  of  the  fittus 
in  utero  may  be  i*egarded  as  one  of  continual  slumber;  the  apparatus  gf 
Animal  life  being  coirtpletely  secluded  from  all  stimuli  which  could  arouae 
it  into  activity,  whilst  the  energy  of  the  Organic  functions  is  entirely  di- 
rected to  the  building  up  of  the  fabric.  On  its  first  entrance  into  U3ewt>r]d, 
the  infant  continues  to  pass  the  greater  part  of  its  time  in  slumber;  and  this 
is  particularly  to  be  noticed  in  eases  of  premature  birth,  the  seven  nionthic' 
child  seeming  to  awake  only  for  the  purpose  of  receiving  foo*i,  and  giving 
but  little  heed  to  external  objects,  whilst  even  the  eight  mouths'  child  is 
considerably  less  alive  to  sensory  impressions  than  one  bom  at  the  full  time. 
The  excess  of  activity  of  the  comfrudive  over  the  dMruetim  opemtinoi, 
which  characteriKes  the  whole  period  of  infancy,  childhood,  and  adolescence 
(cluip.  XX ),  requires  that  a  larger  pniportion  of  the  diurnal  cycle  shall  be 
pti.*i*ed  in  sleep  (during  which  the  forpaer  may  be  carried  on  without  hin- 
drance), than  is  I'equisite  when  adult  age  has  been  attained,  the  two  j^u  of 
changes  being  then  balanced  ;  and  the  amount  of  sleep  l^  which  the  ey»t«ni 
shows  itself  disfioBed,  gradually  diminishes  from  three-fourths  to  ooc-half, 
and  from  one-huif  1<j  one-thinl,  or  even  to  one-tpmrler,  of  the  twenty-fouf 
hours.    It  is  to  be  noticed  that  the  sleep  of  children  or  young  persons  i^aot 
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Ally  longer  than  that  of  adults,  but  is  also  more  profound.  On  the  other 
landiasage  advances,  and  the  bodily  .and  mental  activity  of  the  waking 
ilftte  decreases,  a  smaller  amount  of  sleep  suffices ;  or,  if  the  slumber  be 
pTUtracted,  it  is  usually  less  deep  and  refreshing.  It  may  be  noticed,  how- 
ever, that  very  old  persons  usually  pass  a  large  proportion  of  their  time  in 
ileep,or  rather  in  a  sort  of  heavy  doze,  especially  alter  meals ;  as  if,  in  con- 
•eqaence  of  the  want  of  energy  of  their  nutritive  operations,  a  very  long 
period  of  repose  is  necessary  to  repair  the  waste  which  takes  place  during 
their  short  period  of  activity. — In  regard  to  the  influence  of  temperament,  it 
nty  be  remarked  that  a  plethoric  habit  of  body,  sustained  by  full  diet, 
mually  predisposes  to  sleep,  provided  that  the  digestive  powers  be  in  a 
vigorous  condition  ;  persons  of  this  constitution  frequently  pass  nine  or  ten 
hMiB  in  slumber,  and  maintain  that  they  cannot  be  adequately  refreshed  by 
kn.  Od  the  other  hand,  thin  wiry  people,  in  whom  the  "nervous"  temper- 
tnent  predominates,  usually  take  comparatively  little  sleep,  notwithstanding 
the  greater  activity  of  their  nervous  system  Avhen  they  are  awake ;  but  their 
ilomber,  while  it  lasts,  is  generally  very  deep.  Persons  of  "lymphatic"  tem- 
perament, heavy  passionless  people,  who  may  be  said  to  live  very  slowly, 
tie  usually  great  sleepers ;  but  this  is  rather  because,  through  the  dulness  of 
their  perceptions,  they  are  less  easily  kept  awake  by  sensorial  or  mental 
oeitement,  than  because  they  really  require  a  prolonged  cessation  of  activity. 
Ai  they  are  half  asleep  during  the  waking  state,  so  it  would  appear  that  the 
eonstructive  operations  must  be  far  from  active  while  they  are  asleep,  so 
little  do  they  seem  restored  by  the  repose. — The  amount  of  sleep,  cceieris 
pvihu,  required  by  individuals,  is  very  greatly  influenced  by  habit;  and, 
contrary  to  what  we  might  anticipate,  we  find  that  the  briefest  sleepers  have 
Mtlly  been  men  of  the  greatest  mental  activity.  Thus  Frederick  the  Great 
udjohn  Hunter  are  said  to  have  only  required  five  hours'  sleep  out  of  the 
t»enty-four;  and  General  Elliott,  celebrated  for  his  defence  of  Gibraltar,  is 
'•Oftrned  not  to  have  slept  more  than  four  hours  out  of  the  twenty-four.  It 
■ty  be  doubted  whether  it  would  be  possible  for  any  one  to  sustain  a  life  of 
vigorous  exertion  upon  a  smaller  allowance  than  this  ;  and  the  general  fact 
■i  that  from  six  to  eight  hours  of  repose,  out  of  every  twenty-four,  are  re- 
Jjoired  to  keep  the  system  of  an  adult  in  a  state  of  healthful  activity.  The 
infioence  of  habit  may  be  brought  to  bear  upon  the  protraction,  as  well  as  on 
the  abbreviation,  of  the  usual  period.  Thus  (^uin,  the  celebrated  actor,  could 
riomber  for  twenty-four  hours  successively;  and  Dr.  Reid,  the  metaphysician, 
Bould  take  as  much  food,  and  afterwards  as  much  sleep,  as  were  sufficient 
S)r  two  days. — It  is  needless  to  dwell  upon  the  obvious  fact,  that  other 
hiDgs  being  equal,  the  amount  of  sleep  recjuired  by  man  is  proportional  to 
he  amount  of  mental  exertion  put  forth  during  the  waking  hours;  since  this 
)  an  obvious  result  of  what  has  been  laid  down  as  the  cause  of  the  demand 
>r  sleep.  It  may  be  remarked,  however,  that  we  must  not  measure  the 
mcufit  of  sleep  by  its  duration  alone,  since  its  Intemity  is  a  matter  of  equal 
oportance.  The  light  slumber  which  is  disturbed  by  the  slightest  sounds, 
moot  be  as  renovating  as  the  profound  sopor  of  those  whom  no  ordinary 
)iee  will  awake. 

682.  There  are  certain  states  of  the  Encephalic  centres,  in  which  there  is  an 
\tire  (Mbsence  of  Sleep ;  and  this  may  continue  for  many  days,  or  even  for 
eeka  or  months.  Insomnia  is,  for  instance,  one  of  the  characteristics  of 
lUte  Mania,  and  may  also  exist  in  various  forms  of  Monomania;  it  is 
•ually,  also,  one  of  the  symptoms  of  incipient  meningeal  inflammation ; 
id  it  may  constitute  a  specific  disease  in  itself.  In  all  these  cases,  how- 
ler, the  preponderance  of  the  destructive  processes  over  the  c^nHfructive 
anifests  itself,  sooner  or  later,  in  the  exhaustion  of  the  mental  and  bodily 


716   FUNCTIONS  OF  THE  CEEEBRO -SPINA  L  NKRV0U8  SYSTEM. 


powers.     Thua  Mania,  when  prolongal  or  frotjuently  reeumug,  stih^ides  1 
into  Dementia;  and  If  it  continue  for  any  lengrth  of  time,  m  ^ure  to  be  fol- 
lowed by  a  great  sense  of  wretchedness  and  proslratifin,  fre4]uently  aecom^J 
panted   by  continual  restlessness.     Such  eflbcts,  too,  in  a  less  aggravated  ' 
degree,  result   from   habitual   deficiency  of  sleep  j  whether  this  be  due  to  | 
emotional  excitement  which  keeps  repose  nt  bay,  or  to  a  voluntary  determin- 
ation to  keep  the  intellect  in  activity.     This  is  a  very  common  occur renc^ 
amiing  inda'^trious  students,  who,  with  a  laudable  de.*ire  for  diMitirtion, , 
allow  themselves  le^s  than  the  needed  quantum  of  repfjtie.     Heailatdm,  ten*  , 
mou^  heat,  throbbing,  and  various  other  unpleasant  sensations  in  the  hi^ad^  j 
give  warning  that  tire  brain  is  being  overtasked  ^  and  if  this  warning  I>p  not  | 
taken,  sleep,  which  it  wa^  at  firi«t  difficult  to  resist,  becomes  ev^en  more  diffi- 
cult to  obtain ;  a  stiite  of  general  restlessne.^'S  and  leveri*ih  excttemeitt  is  I 
induced  ;  and  \i\  in  qnte  of  this^the  effi>rt  he  continued^  s^eriou^  coa^^cjuences  < 
in  the  form  of  cerebral  intlammation,  apoplexy,  paralysis,  fever,  infanity, , 
or  loss  of  njental  |>ower,  more  or  let^s  complete,  are  nearly  certain  to  be  iii-^ 
dticed.    Some  indlvtduaU  can  sustain  sucli  an  effort  mnrh  longer  than  others, 
but  it  Is  a  great  mistake  to  snpp>s^e  that  they  are  not  equally  injured  by  it; 
in  fact,  being  possessed  with  the  belief  that'  they  are  not  suffering  from  the 
eitertion,  they  freonently  protract  it,  until  a  pnrlden  and  coniplete  prosBtra- 
tioii  gives  a  fearful  demonstration  of  the  cumulative  ettects  of  the  injnrioufl 
course  in  which  they  have  been  persevering.     Those,  constHpicntly,  who  are 
earlier  forced  to  give  way,  are  fretjuently  capable  of  accomplishing  more  in 
the  end, — In  regard  to  the  degree  of  protrurthm  of  sleep  which  is  con^bteot 
with  a  healthy  state  of  the  system  in  other  resjiecfs,  it  is  difficult  to  ^[<f&k 
with  certainty.     Of  the  numerous  well-authenticated  instances  on  record,* 
in  which  sleep  has  been   continuously  prolonged  for  many  days  or  eiPill 
weeks,  it  is  enough  here  to  state  that  they  cannot  he  regarded  as  examplei 
of  natural  sleep;  the  state  of  such  persons  being  more  closely  allied  to  ny»p 
teric  co!na*     An  unusual  tendency  to  ordinary  sleep  generally  iudlcatm  m 
eong<^ted  state  of  the  brain,  tending  to  a]>oplexy;  and  it  has  been  stalcii 
that  apoplexy  has  been  actually  induced  by  the  e^^jierimental   attempt  to 
ascertain  how  large  a  proixjrtion  of  the  diurnal  cycle  nught  be  spent  io 
^leeiK— TiiUB,  on  either  side,  inattention  to  the  dictates  of  Nature,  in  respect  i 
to  the  an)ouut  of  sleep  requirc^d  for  the  renovation  of  the  svstem,  becomes  m 
source  of  disease,  and  should  therefore  l>e  carefully  nvoideti 

583,  Di^fiming. — Wc  have  hitherto  sp4>ken  of  Sleep  in  its  most  complete 
or  profound  form;  that  is,  the  state  of  complete  unconscionsness.  But  with 
the  absence  of  consciousness  of  external  things,  there  may  be  a  state  of  men- 
tal activity  of  which  we  are  more  or  less  distinctly  cognixant  at  the  time, 
and  4>f  which  our  subsequent  remembrance  in  the  waking  state  vanes  greatly 
in  eompletene^.  The  chief  peculiarity  of  lids  state  of  drenming  ap|jear9  to 
be,  that  there  is  an  entire  suspension  of  Vitlitional  control  over  the  current 
of  thought,  which  flows  on  automatically,  sometimes  in  a  uniform  coherent 
order,  but  more  commonly  in  a  stningely  incongruous  sequence.  The  former 
is  most  likely  to  occur  when  the  mind  simplv  takes  up  the  train  of  thought  j 
on  which  it  had  been  engaged  during  the  waking  hours,  not  long  previon*lT:  ' 
and  it  may  even  happen  that,  in  cousecjuence  of  the  freedom  fnuu  distractiim 
resulting  from  the  suspension  of  external  intluencej,  the  Reasoning  procesMS 
may  thus  be  carried  on  during  sleep  with  unu.sual  vigor  and  success,  und 
the  Imagination  may  develop  new  and  harmonious  forms  of  beauty/    IfciJ 


^  SiK^b,  for  pxHiviple,  119  thiiof  Snmuel  Chlltnn  (Phil  Tr»n#.,  1691),  ind  ttiilufl 
AlHrv  LT«il  (TrMn».  of  Kriy,  8oc,  of  Edinb.,  181 B). 

^  Tiiu^f  Ciindorecjt  «fiw  in  \\\*  drcnms  the  flrtnl  ^icps  of  ii  difflouttcAlculAtimi  whieli 
hud  piuxfed  bim  during  the  t^^\  ^\tA  CWdilUc  ttilk  us  that,  wlien  en^^ugtsj  in  tiii 
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fpon  general  fact  i8,  however,  that  there  is  an  entire  want  of  any  ostensible 
Boherence  between  the  ideas  which  successively  present  themselves  to  the 
eouciousness ;  and  yet  we  are  completely  unaware  of  the  incongruousness  of 
the  combinations  which  are  thus  formed.  It  has  been  well  remarked  that 
'^nothing  surprises  us  in  dreams."  All  probabilities  of  "time,  place,  and 
dicuiDstance  are  violated;  the  dead  pass  before  us  as  if  alive  and  well; 
neo  the  sages  of  antiquity  hold  personal  converse  with  us;  our  friends  upon 
the  antipodes  are  brought  upon  the  scene,  or  we  ourselves  are  conveyed 
thither,  without  the  least  perception  of  the  intervening  distance;  and  occur- 
icnoeSySuch  as  in  our  waking  state  would  excite  the  strongest  emotions,  may 
he  ooDtemplated  without  the  slightest  feeling  of  a  painful  or  pleasurable 
Mture.  Facts  and  events  long  since  forgotten  in  the  waking  state«  and 
mnaiDiDg  only  as  latent  impressions,  on  the  Cerebrum,  present  themselves 
to  the  mind  of  the  dreamer;  and  many  instances  have  occurred,  in  which 
the  subsequent  retention  of  the  knowledge  thus  reacquired  has  led  to  most 
important  results.^  But  one  of  the  most  remarkable  of  all  the  peculiarities 
a  the  state  of  dreaming,  is  the  rapidity  with  which  trains  of  thought  pass 
through  the  raind;  for  a  dream  in  which  a  long  series  of  events  has  seemed 
to  occur,  and  a  multitude  of  images  has  been  successively  raised  up,  has  been 
efteu  certainly  known  to  have  occupied  only  a  few  minutes,  or  even  seconds^ 
ilthough  whole  years  may  seem  to  the  dreamer  to  have  elapsed.  There 
voald  not  appear,  in  truth,  to  be  any  limit  to  the  amount  of  thought  which 
Bay  thus  pass  through  the  mind  of  the  dreamer,  in  an  interval  so  brief  as  to 
he  scarcely  capable  of  measurement;  as  is  obvious  from  the  fact,  that  a 
dream  involving  a  long  succession  of  sup()o$ed  events,  has  oflen  distinctly 
origioated  in  a  sound  which  has  also  awoke  the  sleeper,  so  that  the  whole 
Bust  have  passed  during  the  almost  inappreciable  period  of  transition  be- 
fweea  the  previous  state  of  sleep  and  the  full  waking  consciousness.'  Hence 
it  has  been  argued  by  some,  that  all  our  dreams  really  take  place  in  the 
■omentary  passage  between  the  states  of  sleeping  and  waking ;  out  s^ch  aa 
idea  is  not  consistent  with  the  fact,  that  the  course  of  a  dream  may  often  be 
tneed  by  observing  the  successive  changes  of  expression  in  the  countenance 
rf  the  dreamer.  It  seems,  however,  that  those  dreams  are  most  distinctly 
remembered  in  the  waking  state  which  have  passed  through  the  mind  during 
^  transitional  phase  iust  alluded  to;  whilst  those  which  occur  in  a  state 
Bore  allied  to  Somnambulism,  are  more  completely  isolated  from  the  ordi- 
iBry  consciousness. — There  is  a  phase  of  the  dreaming  state  which  is  worthy 
>f  notice  as  marking  another  gradation  between  this  and  the  vigilant  state; 
hat,  namely,  in  which  the  dreamer  has  a  consciousness  that  he  is  dreaming, 
leing  aware  of  the  unreality  of  the  images  which  present  themselves  before 


ourt  d'Etude,  he  frequently  devehipod  nnd  finished  a  siihject  in  his  dreiMns,  which 
I  bad  broken  off  before  retiring  to  rest.  C»»leridjjo  relates  of  himi>elf  that  his  fra©- 
ent  Kubia  Khan  was  composed  during  nlcep,  which  hud  come  upon  him  whilst 
ading  the  pas;>age  in  Purchas's  Pilgrimage,  on  which  the  poetical  description  was 
nnded,  and  was  written  down  immediately  on  awaking,  '*  the  images  rising  up  he- 
re him  as  things,  with  a  parallel  production  of  the  corres)>onding  expressions,  with- 
it  any  sensation  or  consciousness  of  etfort." 

1  8«?e  a  number  of  such  cases  in  Dr.  Abercrombio's  Inquiries  concerning  the  Intcl- 
rtiial  Powers. 

*  The  only  phase  of  the  waking  state  in  which  any  such  intensely  rapid  succession 
thoughts  presents  itself,  is  that  which  is  now  well  attested  as  a  frequent  occur- 
ncc,  under  circumstances  in  which  there  is  imminent  danger  of  death,  especially 
r  drowning;  the  whole  previous  life  of  the  individual  seeming  to  he  presented 
Btantaneousl3*  to  his  view,  with  its  every  important  incident  vividly  impressed  on 
8  consc'iouf^ness,  just  as  if  all  were  combined  in  a  picture,  the  whole  of  wnich  could 
» taken  in  at  a  glance. 
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his  mind*  He  may  even  make  a  voluutary  and  succeiy*Ajl  effijrt  to  prt>long^ 
them  if  agreeable,  or  to  disiipftte  them  if  uiiplemog;  thus  evindtig  the  |>09* 
seg^ion  of  a  certain  degree  of  that  directiiig  power,  the  entire  want  of  which 
is  the  characteristic  of  the  true  state  of  Dreaming* 

584,  But  the  sensibility  to  external  intpreasions  may  not  b^*  etitirdy  sus- 
pended in  Dreaming;  and  it  is  curious  that  even  where  sensaiioos  are  not 
recoguizetj  by  the  mind  of  the  dreamer  as  proceeding  from  external  ohjects, 
they  may  affect  the  eoui-sie  of  its  own  thoughts;  ^o  that  tSie  character  of  tlie 
dreams  may  be  in  some  degree  predetermined  by  such  an  arraugemeot  of 
sensory  uiipressioua  as  is  likely  to  modify  them.  This  k  especially  the  vnm 
in  regard  to  the  dreamy  state  indnced  by  certairi  narcotics,  such  as  tbe 
Hachisch  (a  preparation  of  Cammhis  Indica),  employed  for  this  pnrpo^  in 
the  East  i  for  the  emotional  condition  of  the  individual  under  its  iutiueDce  ia 
entirely  under  tiie  control  of  external  impressions ;  so  that  thojie  who  give 
themselves  up  to  the  intoxication  of  the  Jantrnhf  take  care  lo  withdraw 
themselves  from  everything  which  could  give  their  delirium  a  teudtTR-y  to 
melancholy,  or  excite  in  them  anything  ehe  than  feeliugs  of  pteasumble 
enjoyment*  Moreover,  there  are  certain  forma  of  ordinary  Dreaming,  in 
which  the  whole  succc^^iou  of  thought  and  feeling  i  which  is  made  manifest 
by  the  words  oeca^^ionally  nttered,  or  by  the  play  of  countenance,  or  by  the 
more  active  movements  of  the  dreamer)  may  be  governed  by  external  sug- 
geetiou ;  as,  for  example,  in  the  well-known  ease  of  the  officer  who  amused 
his  friends  by  acting  his  dreams  during  the  expedition  to  Loni»bnrgb,  i\w 
conrse  of  these  dreams  being  capable  of  direction  by  whispering  iutti  the 
sleeper's  ear,  specially  if  this  wa^*  done  by  a  friend  witfi  whtjse  voice  he  wa^ 
familiar.'  Bnch  forms  of  Dreaming  constitute  a  tmnii^itiou  to  the  state  of 
Somnambulism. 

585.  tSomnambiUimn. — The  phenomena  of  Somnambulism  are  so  variout, 
that  it  is  difficult  to  give  any  general  definition  tluit  shall  include  the  whole ; 
but  it  is  a  condition  which  is  common  to  all  forms  of  this  state,  that  the  con- 
trolling jjowcr  of  the  Will  over  the  current  of  thought  is  entiady  suspended, 
and  thai  all  the  actions  are  directly  promjjted  by  the  ideas  which  possess  the 
mind  ;  and  the  differences  chiefly  arise  out  of  the  mode  in  wbieh  the  succ^ 
Bion  of  ideas  is  directed,  this  being  in  some  cases  a  tn^herent  sec^uence  thniugh 
the  wliole  of  which  some  one  dominant  imprecision  mav  be  traced,  whilst  in 
other  instances  it  is  more  or  less  completely  determinable  by  external  sug^^^ 
tions.  These  two  forms  are  thus  parallel  to  the  states  of  epoutaneous  Ab- 
straction and  artificial  Reverie  (Electro-Biology)  respectively;  but  differ 
from  them  both  in  this  essential  feature^ — ^thal  they  occur  in  a  slate  of  ccm- 
sciousue^  so  far  distinct  from  the  ordinary  waking  condition,  as  uot  to  bo 
connected  with  it  by  the  ordinary  link  of  Memory ;  and  that  although  the 
conrse  of  thought  in  Somnambulism  usually  manifests  the  directing  intiuencc 
of  previous  habits,  and  the  knowledge  of  persons  and  things  pc^asessed  during 
the  waking  ^tate  may  be  i-eadily  brought  before  the  mind,  yet  nothing  which 
occurs  during  the  state  of  Somnambulism  is  ever  retraced  spontane^lUsly,  or 
can  be  brought  back  by  an  act  of  recollection.  Impre^ions  upon  the  nervous 
system,  however,  are  sometimes  left  by  strong  emotional  excitement^  which 


*  See  the  Auihf>r'»  tirtit'lLS  Sleep,  in  the  Cyclop,  of  Anst,  nnd  Ph?i.,  vol»  iv,  pp. 
6SS-*j90;  ftod  BtorenUj  Du  Hiichuth  et  de  rAli6n(iiion  Mi?niult;,  l£iud«  F*ydiy 
logiqiies,  p.  07, 

'  Tbls  tu&e  h  deUil<Ni  by  Dr,  AlM?rcrombie  (Inqulriet  cohcerrting  the  InieUectuil 
Power^T  6th  ed.^  p.  277)^  uii  the  nuthority  of  Dr.  Gr<*gijry,  lo  ^hoiii  it  wna  i^lftti?<l  by 
K  genllcman  wlio  wjt(it^5K**d  il,  A  cMio  otnk  very  «iniil«r  nuturo.  tho  suhjisct  of  wliicli 
WMi  a  aiedkui  student  nt  Edinburgh,  i$  related  In  SmcUie'A  rbiluftuphy  of  ^Aliimi 
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give  ri&e  to  subsec|iicnt  fcdiuga  of  discomfort,  of  whose  orijfin  the  indivklual 
18  eutirely  unconscious.^ — In  the  first  of  the  phases  jimt  referred  to,  a  train 
of  reasoning  is  often  rarried  out  with  remarkable  clearness  and  correctness, 
and  its  results  expressed  in  appropriate  language,  or  otherwise  acted  on. 
Thus,  a  mathematician  may  work  out  a  difficult  problem,  an  orator  may 
make  a  speech  appropriate  to  the  riccasion  on  which  he  suppa^es  himself  lo 
be  called  up,  or  an  author  may  compose  and  commit  to  writing  poetry  or 
proee,  upon  the  subject  which  occupies  his  thoughts.  But  it  is  a  frequent  de- 
fect of  the  intellectual  operations  carried  on  in  this  condition,  that  through 
the  complete  absorption  of  the  attention  by  one  set  of  considerations,  no  ac- 
count if*  taken  of  others  which  ought  to  modify  the  conclusion  ;  and  this, 
although  it  niay  be  palpably  iticon:*iMent  with  the  ipachings  of  ordinary  ex- 
perience, ii*  not  felt  to  l)e  wt^  unless  the  latter  should  happen  to  pre^ni  them- 
sejves  unbidden  to  the  thought*, 

5^6.  The  second  of  the  phas^es  above  men  Honed,  which  h  especially  seen 
in  the  arttfietai  Somnambulism  induced  by  the  (so-called)  Memierw  proce^, 
or  by  the  fixed  gaze  at  a  near  object  (as  practiced  by  Mr  Braid  under  the 
name  of  Hijpnoti^m),  is  essentially  the  same  as  thai  of  the  **  biological " 
condition,  save  in  the  difft-rent  relation  which  they  respectively  Ix-ar  to  the 
wakini^  state;  for  there  is  the  same  readitless  to  receive  new  impressions 
through  the  senses  /the  visual  sense,  however,  being  genemlly  in  abeyance), 
and  the  same  want  of  persistence  in  any  one  train  of  ideas,  the  direction  of 
the  thoughts  being  entirely  determined  by  the  suggestions  which  are  intro- 
duceii  from  without.  In  cither  of  these  extreme  ibrms  of  Somnambulism, 
and  in  the  uumerous  intermediate  phases  wliich  connect  the  two,  the  con- 
sciousness seems  entirely  given  up  to  the  one  impression  which  is  operating 
upon  it  at  the  time-  so  that  whilst  the  attention  is  exclusively  directed  upon 
any  object,  whether  actually  perceived  thnmgb  the  senses^  or  brought  sug^ 
geatively  before  the  mind  by  previoui*  ideas,  nothing  else  is  felt.  Thus  ther© 
may  be  complete  insensibility  to  bodily  pain,  the  somnambulist's  whole  at- 
tention being  given  to  what  is  passing  in  his  ndnd  ;  yet  in  an  instant,  by 
directing  the  attention  to  the  organa  of  sense,  the  anesthesia  may  bcre- 
placed  by  ordinary  sensibility;  or,  by  the  fixation  of  the  atteotion  on  any 
one  elas«  of  sensations,  these  shall  be  perceived  with  ma^t  extraordinary 
acuteness,  whilst  there  may  be  a  state  of  complete  insensibility  as  regards 
the  resL^Thns,  the  Author  has  witnessed  a  case  in  which  such  an  exalta- 
tion of  the  sense  of  Broell  was  manifested,  that  the  subject  of  it  discovered 
without  difficulty  the  owner  of  a  glove  placed  in  his  hand,  in  an  assembly 
of  fifty  or  sixty  persons ;  and  in  the  same  case,  as  in  many  others,  there  was 
a  similar  exaltation  of  the  sense  of  Temperature.  The  exaltation  of  the 
iluscular  Sense,  by  which  various  actions  that  ordinarily  require  the  guidance 
of  vision,  are  directed  independently  of  it,  is  a  phenomenon  common  to  the 
"mesmeric'*  with  various  other  forms  of  artificial  as  well  as  of  natural  Som- 
natnbulism»  The  Author  baa  repeatedly  seen  Mr,  Braid's  **  hypnoti/.ed" 
subjects  write  with  the  m*>st  pertect  regularity,  when  an  opaque  screen  was 
luterposed  between  their  eyes  and  the  paper,  tlie  lim.^  being  e<^uidistant  uud 
parallel;  and  it  is  not  uncommon  for  the  writer  to  carry  back  bis  pen  or 
pencil  to  dot  an  t  or  cross  a  t,  or  make  some  other  correction  io  a  letter  or 
word,  Mr,  B.  had  one  patient  who  would  thus  go  back  and  correct  with 
accuracy  the  writing  on  a  whole  page  of  note-paper;  but  if  the  paper  wa^ 
moved  from  the  position  it  had  previously  occupied  on  the  table,  all  the 


1  8rN5  a  verj  curbns  Pxtimpli!  of  this  kind,  which  fell  utidor  the  Author's  own  ob- 
servfttiotij  nafmted  la  Ihi?  iinicle  Sleep,  iu  the  Cyclop,  of  AnHt.  and  Phys.^  vuL  iv, 
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corrections  were  oq  the  u*ron^  points  of  the  paper  as  regarded  the  mimil 
plaee  of  the  wrltitig,  though  on  the  right  points  as  regard e*i  itn  pnmitm 
place ;  sionietime>s,  however,  he  would  lake  a  fresh  departure,  by  feeling  for 
the  upper  left-hand  corner  of  the  paper,  and  all  hie  corrections  were  then 
made  in  their  right  poaitions,  notwithstanding  the  displacement  of  the  pa- 
per.— S<j,  again,  when  the  attention  of  the  somnamhulist  is  fixed  upon  & 
certain  train  of  thought,  whatever  may  be  spoken  in  hurmony  with  this  h 
heard  aud  appreciated ;  but  what  has  no  relation  to  it,  or  i%  in  diseordanee 
with  it,  is  entirely  disregarded. 

587.  It  is  among  the  most  curious  of  the  numerous  faetis  which  Mr.  Bratd*5 
in ves ligations  upon  artificial  S<jranaiubulism  have  brought  to  Hght,  that  the 
suggestions  derived  from  the  '*  muscular  ^ense  "  have  a  |)eeuliar  potency  in 
determining  the  current  of  thought.  For  if  the  face,  body,  or  limbs  he 
brought  into  an  attitude  that  is  expressive  of  any  particular  emotion,  or  that 
correa^ponds?  with  that  in  which  it  would  l:>e  place<l  for  the  performance  of 
any  voluntary  action,  the  corresponding  mental  state,  that  is,  either  an  Emo- 
tional condition  aftecting  the  general  direction  of  the  thoughts,  or  the  Idea 
of  a  particular  action,  is  called  up  in  re^ipondence  to  it.  Thus,  if  the  hand 
be  plat^-d  ujwu  the  vertex,  the  8oin nam bu list  will  frecjuently,  of  his  owa 
accord,  draw  his  bmjy  up  to  its' fullest  height,  and  throw  his  head  jiHghtly 
back;  his  countenance  then  ai?sumes  an  expression  of  the  most  lofty  pride, 
and  the  whole  train  of  thought  is  obviously  under  the  domination  of  this 
feeling ;  as  is  manifested  by  the  replies  wiiich  the  individual  makes  to  inler- 
rogatories,  and  by  the  tone  and  manner  in  which  these  are  delivere*!.  Wher* 
the  first  action  does  not  of  itself  call  forth  the  rest,  it  is  sufficient  to  siraightefl 
the  legs  and  spine,  and  to  throw  the  head  somewhat  back,  to  arou8c  th« 
emotion,  with  its  corresjKmding  manifestation,  in  its  full  intensity.  If,  dur- 
ing the  most  complete  domination  of  this  emotion,  the  heiid  be  bent  forwards 
and  the  body  and  limbs  be  gently  flexed,  the  most  profound  humility  then 
takes  place.  So,  again,  if  the  angles  of  the  mouth  be  gently  »ep» rated  from 
one  another,  as  in  laughter,  a  hilarious  disposition  is  immediately  generaied  : 
and  this  may  be  made  to  give  place  to  mortjseness,  by  drawing  the  eyebrowa 
towards  each  other  and  downwards  upon  the  nose,  as  in  frowning.*  80,  agaio* 
if  the  hand  be  raised  above  the  head,  and  the  fingers  be  flexed  U[M>n  the 
palm,  the  idea  of  climbing,  swinging,  or  pulling  at  a  rope  is  called  up  iu 
such  as  have  been  used  to  such  kinds  of  exertion  ;  if,  on  the  other  hand,  the 
fingers  be  flexed  when  the  arm  is  hanging  down  at  the  side»  the  idea  sug- 
gested is  that  of  lifting  a  weight ;  and  if  the  same  fiexure  be  made  when  the 
arm  is  advanced  forwards  in  the  position  of  striking  a  blow,  the  idea  of 
fighting  is  at  once  aroused,  and  the  Bomnambulbt  is  very  apt  to  put  it  into 
immediate  execution.* 


'  Thti  Authut-  hht*  nut  only  ri-pfatt^dly  witnc^^ii^d  all  tb^e  eflt^ti,  as  produced  bf 
Mr*  Bmid  upjn  **hypiiotim»d  "  i^ul^ji^oU,  uf  whnin  sevftml  liftd  m*vor  Ix'eii  pifevitHiiily 
in  IhHt  eonditum,  and  hud  110  i-di^u  whHU'Vor  nf  wimt  was  c^Kjieck^d  Trtmi  ihom  \  but 
he  hit*  been  ussurc^d  by  k  itio*1  int^^higent  mwdienl  frieiid*  who  hn*  V-    '  ■  '       '  ti- 

tion  In  the  piVchoioejieMi  pnrt  uf  tins  inquiry*  tImL  liHVing  anbjet't.  't r. 

Bniid'ii  pmctk^e,  »iid  havitjjt;  b**en  imly  pwrtlttMy  thruwn  fnlo  ihu  "  ,,.  1.1.,,,  -.«U 
(ifi  fHt't,  "  biolcigiEtfd  *'),  Urt  distinctly  remoffibpfB  everything  Ihal  Wft^"di-»nej  ttod  enn 
rMrnue  ihe  unconircfn^ibk  efi'ect  upcin  \n»  omuttunal  stule,  wbicb  was  produced  by  ibii 
mftnagement  of  hii  iJiUK-'ulHt- JipfiHrntus 

'  On  one  ot'casion  on  wbi<h  ih*'  Author  wilaenfted  thii  result^  &  violent  bhiw  vai 
itruf^k,  wbkh  chanced  to  tiLic^ht  uptHi  a  sw:ond  «omnambttlist  wUbrn  reiteh :  hU  com- 
bmliveneiM  b*ing  thereby  ext'Uwtl,  the  tw*i  clo*(?d,  and  begi*n  to  bt^Ubt^r  one  anolb«r 
with  eucb  energy,  ihnt  ihey  WL*re  with  diffiuuUy  ai^iprtrwted,  AlllicniijU  their  pMMjoni 
were  iit  the  moment  »o  strongly  exciit-d,  ihat  evfu  when  B^^pamtrd  Uny  coutiniiiHl  to 
utter  furious  dKnunciBiionft  Hgmnal  em-h  other,  yet  %  little  discreet  mAnijiuUtwn  of 
tiieif  niuftcles  soon  calmed  them  und  re«tort:d  them  to  p^rftsqt  good  hMnic»r» 
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CHAPTER  XIV. 

OP  THE  ORGANS  OP  THE  SENSES,  AND  THEIR   FUNCTIONS. 

1.   Of  Setmbility  in  General. 

688.  We  have  seen  that  the  conscious  Mind  is  affected  by  impressions 
made  upon  the  corporeal  organism,  or,  in  other  words,  that  Sensation  is  pro- 
duced, through  the  instrumentality  of  a  certain  part  of  the  Encephalon 
tenned  the  Sensorium,  which  is  the  general  centre  of  the  nerves  both  of 
"special "  and  of  "common"  sensibility:  the  former  connect  it  with  the 
■pecial  Organs  of  Sense,  the  latter  with  the  body  generally,  to  the  several 

Crt8  of  which  they  are  by  no  means  uniformly  distributed,  some  tissues 
log  altogether  destitute  of  them.  Those  parts  of  the  body  which  are  en- 
dowed with  sensory  fibres,  and  impressions  on  which,  therefore,  give  rise  to 
•ensation,  are  ordinarily  spoken  of  as  sensible ;  and  different  parts  are  said 
to  be  sensible  in  different  degrees,  according  to  the  strength  of  the  sensation 
produced  by  a  corresponding  impression  on  each.     In  accordance  with  the 

Sneral  fact  of  the  dependence  of  all  Nervous  action  on  the  continuance  of 
e  Circulation  of  the  blood,  it  is  found  that  the  sensory  nerves  are  distrib- 
uted pretty  much  in  the  same  proportion  as  the  bloodvessels :  that  is  to  say, 
in  the  non-vascular  tissues, — such  as  the  epidermis,  hair,  nails,  cartilage,  and 
bony  substance  of  the  teeth, — no  nerves  exist,  and  there  is  an  entire  absence 
of  sensibility ;  and  in  those  whose  vascularity  is  trifling,  as  in  the  case  with 
bones,  tendons,  ligaments,  fibrous  membranes,  and  other  parts  whose  func- 
tions are  simply  mechanical,  and  even  with  serous  and  areolar  membranes, 
there  are  few  nerves,  and  the  sensibility  is  dull.  Many  of  these  textures  are 
acutely  sensible,  however,  under  certain  circumstances;  thus,  although  ten- 
dons and  ligaments  may  be  wounded,  burned,  etc.,  without  much  conscious- 
ness of  the  injury  being  aroused,  they  cannot  be  stretched  without  the  pro- 
duction of  considerable  pain ;  and  the  fibrous,  serous,  and  areolar  tissues, 
when  theii;  va.scularity  is  increased  by  inflammation,  also  become  extremely 
susceptible  of  painful  impressions.  All  very  vascular  parts,  however,  do 
not  possess  acute  sensibility;  the  muscles,  for  instance,  are  furnished  with 
a  large  supply  of  blood,  to  enable  them  to  perform  their  peculiar  function ; 
but  they  are  not  sensible  in  by  any  means  the  same  projwrtion.  Even  the 
substance  of  the  brain,  and  of  the  nerves  of  s|)ecial  sensation,  appears  to  be 
destitute  of  this  endowment ;  and  the  same  may  be  said  of  the  mucous  mem- 
branes lining  the  interior  of  the  several  viscera,  which,  in  the  ordinary  con- 
dition, are  much  less  sensible  than  the  membranes  that  cover  those  viscera, 
although  so  plentifully  supplied  with  blood  for  their  especial  purposes.  The 
most  sensible  of  all  parts  of  the  b<Kly  is  the  Skin,  in  which  the  sensory  nerves 
spread  themselves  out  into  a  minute  network ;  and  even  of  this  tissue,  the 
sensibility  differs  greatly  in  different  parts  (§  594). — The  organs  of  Special 
Sensation  become,  by  the  peculiar  character  of  the  nerves  with  which  they 
are  supplied,  the  recipients  of  impressions  of  a  particular  kind :  thus,  the 
Eye  is  sensible  to  light,  the  Ear  to  sound,  etc. ;  and  whatever  amount  of 
ordinary  sensibility  they  possess,  is  dependent  upon  other  sensory  nerves. 
The  eye,  for  example,  contrary  to  the  usual  notions,  is  a  very  insensible  part 
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of  the  body,  iinles=*  affected  with  iu  flam  mat  ion  ;  fur  though  the  mucous  mem- 
hraiie  which  covers  its  surface^  and  which  in  prolonged  from  Uie  §kin.  id 
acutely  sensible  to  tactile  impressions,  the  interior,  with  the  exception  of  the 
Iri^,  h  by  no  means  so,  as  la  well  known  to  thoge  who  have  opemted  much 
on  ihiis  organ.  And  the  common  sensory  nerves  which  supply  certHin  \mrtB 
of  the  hoay,  are  adapted  lo  receive  and  convey  to  the  mind  imijre«5.^bnft  of 
particular  kinds,  with  much  greater  readiness  than  they  commuuicaie  those 
of  a  <liffereiit  description  ;  thus  the  sensibility  to  tickling  is  much  greater  on 
aome  part«  of  the  surface  than  on  others;  and  thi^  kind  of  excitement, 
applied  to  the  genitals  or  to  flie  nipple,  produces  sensatious  of  a  most  pecu- 
liar onier. 

5S9.  An  active  Capillary  Circulation  being  e^isential  to  the  seniaibility  of 
every  part  supplied  with  ner%^es,  any  cause  which  retards  this  deadens  the 
sensibility,  as  is  well  seen  with  regani  to  Cold  ;  and,  on  the  other  baud,  aQ 
increase  in  its  energy  produces  a  corresponding  increase  in  the  sensibility^  as 
IS  peculiarly  evident  in  the  *' active  eongesition  *'  which  usually  precedes  and 
accompanies  inflammation.  A  diminution  or  increase  of  sensibility  to  ex- 
ternal impressions  may  arise,  however,  not  only  from  an  abnormal  ii^tate  of 
the  circulation  iu  the  organ  or  part  itself,  but  from  the  similar  conditions 
affecting  that  part  of  the  Sen  son  um  in  which  the  impressions  are  received. 
Thus  in  those  various  conditions  of  tlie  Encepbalon,  in  which  either  a  stag- 
nation  of  the  circulation,  or  an  abnormal  state  of  the  bkH>d  (such  as  that 
producetl  by  auresthetic  agents ),  occasions  a  diminished  functional  activity 
in  the  Sensorial  centreSj  this  is  marked  by  obtuseness  to  sensory  impra^ions; 
on  the  other  hand^  in  active  congestion  of  the  brain,  the  most  nrdinary  ex- 
ternal imJJres^^ions  produce  s^ensations  of  an  unbearable  violence  ;  and  in  that 
peculiar  condition  of  the  nervous*  system  known  under  I  he  name  of  Hysteri- 
cal, the  patients  often  manifest  the  same  hypera\Hihesia,  even  when  the  cif- 
culation  h  in  a  feeble,  rather  than  in  an  excited  state.*  It  is  reinarkabN 
that  the  sen**ibiliiy  of  the  mucous  membranes  lining  the  internal  organt^,  is 
lees  exalted  by  the  state  of  inHamnmtion,  than  is  that  of  most  other  parts; 
aud  in  this  arrangement  we  may  trace  a  wise  and  beneficent  provision  ;  8ince, 
were  it  otherwise,  the  functions  necessary  to  life  could  not  be  performed 
without  extreme  distress,  whenever  a  veiy  nio<lerate  amount  of  disonier 
might  exist  tn  the  viscera.  If  a  joint  u  Inflamed,  we  can  give  it  r^t ;  but  to 
the  actions  of  the  alimentary  canal  we  can  give  little  voluntary  respite. 

590.  It  is  th rough  the  medium  of  Sensation  that  we  acquire  a  knowledge 
of  the  materiiil  Lni verse  around  us*  by  the  psychical  operations  which  ili 
changes  excite  in  ourselves.  The  various  kinds  or  mmles  of  Seuiiation  mi^- 
gat  to  us  various  ideas  regarding  the  prof>erties  of  matter;  and  these  projn 
erttes  are  known  to  us^  only  through  the  changes  which  they  pn^iuce  in  the 
several  organs.  It  is  well  known  that  instances  exist,  in  which,  from  ho  me 
iin|)€rfe,ction  of  the  organisation,  thei"e  is  an  incapacity  for  dii^tiiigui.'ibing 
colors  or  musical  tones,  whilst  there  is  no  want  of  sens^ibility  to  light  or 
sound  ;  and  that  some  persons  are  naturally  endowed  with  a  uiucb  grenter 
range  of  the  jiensory  faculties,  than  that  pos*<essed  by  others.  Hence  it  th-tes 
not  seem  at  all  improbable,  that  there  are  properties  of  matter  of  which  tiooe 
of  our  senses  can  take  immediate  cognizance;  and  which  other  beings  might 
be  formed  to  perceive,  in  the  same  manner  as  tve  are  sensitive  to  light, 
eound,  etc.    Thus  many  animals  are  affected  by  atmospheric  changt^,  in 

1  TtiQ  influence  of  toxic  n gents  introduced  intn  th<a  hhm<j,  in  productng  Ane«>tb?*i« 
nnd  Hyp6rie»tK('»ia,  ctmstiiuiea  a  very  wide  Held  of  inquiry^  the  lnve«Ugi«iHTii  i>f 
which  has  be«n  ably  commpnyi^  by  Dr*  Ansiie,  in  hb  intert'sUng  work  t*ri  Siinm- 
UntR  QTid  Nmrcollcs  I  London,  t§G4),  It  b  ri?markiible  ihnt  Lead  tmd  Akt>kcd  should 
be  vtipubh  of  inducing  either  of  tht'se  ftntos. 
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Inrh  a  manner  that  their  actions  are  regarded  bv  Man  as  indications  nf  the 
probable  state  of  the  weather;  and  the  same  in  the  ca^e  in  a  less  degree  with 
iome  of  oar  own  species,  who  are  pecnliariv  susceptible  of  the  like  influences. 
■^Now  the  moat  universiil  of  all  the  qualities  or  properties  of  Matter,  on^ 
which,  in  fact,  our  notion  of  it  \s  chiefly  founded,  is  its  iiccupatiou  of  space, 
producing  a  more  or  le^^s  complete  remsluuGe  to  dis^placemcnt  j  and  this  quality 
te  tiiat  through  which  alone  any  knowledge  of  the  external  world  can  be  ob* 
tallied  by  a  large  proportion  fjf  the  lower  Animals;  cmifad  between  their 
Dwo  surtace  and  gome  material  body,  being  required  to  produce  sensation. 
[We  shall  presently  see,  however,  that  the  idea  of  the  ^hape  f>f  a  boiiy  which 
I  we  form  from  the  touch,  results  from  a  very  complex  process,  such  as  ani- 
mals of  the  lower  grades  can  scarcely  be  sup|>osed  to  exercise.  There  can 
he  little  dtmbt  that,  next  to  the  mere  sense  of  rcj^iatance  sensibility  to  tenipe- 
r*jhtre  in  the  most  nnivet^any  difln^ed  through  the  Animal  kingdom  ;  and 
probably  the  congclousness  oi'  fumlnoittti/  h  the  next  iu  the  extent  of  it^  diflu- 
iioru*  It  k  probaljle  that  the  s^ense  of  f^»te  (which  has  a  dose  aftiuity  to 
that  of  touch  J  exists  mry  low  down  in  the  animal  ^cale,  being  obviously  of 
ngmt  imfKinanee  iu  the  selection  of  food;  but  the  Anatomtett  ha^  no  means 
Br.»&ceriaiuiug  where  this  refinement  exist?,  and  where  it  does  nut ;  since  tb^ 
Oi^ns  of  taste  and  touch  are  very  similar.  The  sense  of  hearinfj  does  not 
ieetn  to  be  distinctly  present  among  the  Iu  vertebrate  auinials,  except  in 
mich  as  approach  most  neady  to  the  Vertebrata ;  it  is  uot  improbable,  liow- 
€ver^  that  sonorous  vibrations  may  produce  an  effect  upon  the  system  of 
tho^  animals  which  do  not  recei%^e  them  as  sound.  The  sense  of  mnellf 
which  is  concerned  with  one  of  the  least  genera!  properties  of  matter,  appean* 
to  be  the  least  widely  diffused  among  the  whole;  being  only  ptwises^^ed  in 

Rhigh  degree  by  V ertebraied  animals,  and  being  but  feebly  preaent  in  a 
5  proportion  of  these* 
591,  Besidea  the  various  kindg  of  sensibility  which  have  been  jnst  ennmer- 
Rted,  there  are  others  which  are  ordinarily  associated  together,  aloug  with 
Ifae  mu:^  of  material  resistance  (and  its  several  modifications),  and  the  sense 
of  tern i>er^ tore,  under  the  heatl  of  Common  Sensation  ;  hut  several  of  them, 
especial  1 J  those  which  originate  in  the  body  itself,  caii  scarcely  be  regarded 
in  this  light.  Such  are  the  feelings  of  hunger  aod  thirst;  that  of  nausea  ; 
that  of  Jistreas  resnUing  from  suspended  aeration  of  the  blood ;  that  of 
**  sinking  at  the  stomach,"  as  it  is  vulgarly  but  expressively  described,  which 
results  from  strong  mental  emotiou ;  the  sexual  sense,  and  perhaps  &ome 
others,— Now  in  regard  to  all  these,  it  is  impossible  iu  the  present  state  iif 
Dur  knowledge  to  say,  whether  their  peculiarity  results  from  the  particular 
tsmstitution  of  the  nervea  that  receive  and  convey  them,  or  only  from  a 
tnodificalion  of  the  impressing  causes,  from  the  particular  eodowmentJi  of 
their  ganglionic  centres,  and  from  the  mofle  in  which  they  operate.  Thus 
we  have  no  evidence  whether  the  nervous  fibrils  which  convey  from  the 
lungs  the  sense  of  distress  resulting  from  deficient  aeration,  are  of  the  same 
yr  of  a  different  character  froti*  those  which  convey  from  the  surface  of  the 
nir^pessages  the  sense  of  the  coutact  of  a  foreign  body.  But  as  we  know 
that  all  the  trunks  along  which  these  i>eculiar  impressions  travel,  do  min- 


t  There  is  go*  d  rrnscm  to  bplieve,  from  obat^rvAtion  t»f  their  hnbiu,  ihiit  injoiy  iini- 
HiaU  lire  au'^c^iitible  ot'  rhu  intlufnee,  Mfjd  nrv  directed  by  ihc  gtiitbmeo  ot ih/At,  wUotiO 
0ri;iiii8  nr^  not  ndtiplM  In  ret?**ive  tru<»  %*i.'^uitl  ini press ionsi,  cir  tfi  tnrm  optk'ul  imiiges  j 
ami  such  would  *et^nj  to  \if  the  function  of  ihti  red  sputs,  freqiipntly  »ei,m  on  pronii- 
ttent  part*t>f  Ihp  ]owl*t  Articulula  hM  MoIJti^cn,  nnd  even  oTaomtj  Radiatft,  WherpVt^P 
thc^e  aro  of  ^iiffii-k'titr  ^ij&e  to  (it  low  thuir  »trut'lure  to  be  em  mined,  I  boy  are  found  to 
h^  Iftrgely  supplied  with  nerves^  but  to  b^  destitute  of  the  peeulkr  urgnnijiMlton  whigh 
kloae  con»Ului«e  »  true  eye. 
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ister  to  oniitisry  seo.«atkin,  whilst  the  nerves  of  truly  "special"  Ben§atioti 
are  not  sensible  tt)  tactile  impressions,  it  is  evident  that  the  probability  seems 
in  favor  of  the  identity  of  the  fibres  which  miniMer  to  these  sensatious,  witii 
those  uf  the  usual  ^tisory  character.  We  shall  see  that  with  regard  lo  tlit 
sense  of  Temperature,  thei'e  is  strong  evidence  that  its  pecQliarity  pa rtJy  de- 
pends on  the  specialty  of  the  apparatus  by  which  im previous  are  received 
at  the  peripheral  extremities  of  the  tactile  nerves,  and  partly  upon  some 
peculiarity  in  the  transmitung  fibre,^, 

592.  There  are  certain  external  agencies  which  can  excite  chaogei^  in  the 
Seneoriura  through  several  different  channels;  the  sensation  being  in  each 
case  characteristic  of  the  particular  nerve  on  which  the  impresfiion  is  made. 
ThUii?  pressure,  which  produces  through  the  nerves  of  common  sensation  the 
feeling  of  resiistance,  Is  well  known  to  occasion,  when  exerted  on  the  eye,  the 
sensation  of  light  and  colors;  and,  when  made  with  some  violent^  on  the 
ear,  to  produce  *'  tinnitus  aurium/'  It  is  not  so  easy  to  excite  sensations  of 
taste  and  smell  by  merhauical  irritation;  and  yet,  as  was  shown  by  Dr. 
Baly^*  this  may  readily  be  accomplished  in  regai-d  to  the  tbrmer.  The  sense 
of  nausea  may  be  easily  produced,  as  is  familiarly  known,  by  mechanical 
irritatiou  of  the  fauces.  Eiectrknt3'  still  more  eonifjletely  possesses  the 
power  of  affecting  all  the  sensory  nerves  with  the  changes  which  are  peculiar 
tn  them  ;  for,  by  proper  management,  an  individual  may  be  made  conscious 
at  the  same  time  of  flashes  of  light,  of  distinct  sounds,  of  a  phosphoric  odor, 
of  a  peculiar  raste,  and  of  pricking  sensations,  all  excited  by  the  same  cau?e, 
the  eflect-s  of  which  are  modified  by  the  respective  peculiarities  of  the  in- 
struments through  which  it  operates.— But  although  there  are  some  stimuli 
which  can  produce  sensory  impressions  on  all  the  nerves  of  sensation,  it  will 
be  found  that  those  to  which  any  one  organ  is  j3tfci///«r/^  fitted  to  n^-^pond, 
produce  little  or  no  effect  ujKm  the  rest.  Thus  the  t^ar  cannot  distlngui.'^h 
the  slit:htesl  difference  between  a  luminous  and  a  dark  object  A  tuning- 
fork  which,  when  laid  upon  the  ear  whilst  vibrating,  pnnluces  a  distinct 
musical  tone,  excites  no  other  seus^ation  when  placed  upon  the  eye  than  a 
alight  jarring  feeling.  The  mt>st  delicate  touch  cannot  distinguish  a  sub- 
stance which  is  sweet  to  the  taste,  from  one  which  is  bitter;  nor  can  tbt 
taste  I  if  the  commuuit^ation  between  the  mouth  and  the  nose  be  cutoff)  per- 
ceive anything  peculiar  in  the  most  strongly  odorilerons  bodies. — It  may 
hence  he  inferred  that  no  nerve  of  ifpccial  sensation  can,  by  any  possibility, 
tnke  on  the  function  of  another.* 


2,  Sctwe  of  Jhucfu 

59S.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that  modi- 
fication  of  the  common  sensibility  of  the  body,  of  which  the  Cutaneous  sur- 
face is  the  special  scat.  The  Skin  is  peculiarly  adapted  for  this  pur)Hi?-e,  uot 
merely  by  the  large  amount  of  sensory  nervous  fibres  which  are  distributed 
in  its  substance,  but  also  by  its  possession  of  a  papillary  apparatus  in  which 
these  nerves  for  the  most  part  terminate,  or  rather  commence.     The  p<jtpiU<K 


•  Tnmsliition  of  MQller*d  Ekfnfirnta  of  Physiolo|»y,  p.  1062,  n«lo. 

'It  dr>&=  not,  howeTeti  item  n  tbtng  nltogHber  incrf?dibt^.  tb«l  iiiipr?9»ioni  fvow«r* 
ftiily  »r*iii'injc  "i«  «ons«  m*y  coowjatKneously  e*cit«  unoiher  tente^  iind  in  evidM)^ 
of  thi^  NuK^bMumer^  Monaisehnft  f.  Ohrenbeilkund,  Mnrcb,  187S,  recards  ttiia  f«ct, 
thni  both  liL'  and  hU  brother  cfiii  percolve  ceriHln  euturn  wh^n  tbe  Kudifary  n^rvc  h 
pciwcrfuUy  I'ldtHl  by  certnin  sounds.  Id  t*ne  bnithur  *'A'*on  IIih  piano  ptftdiit^ 
tbesub)etiivp  itn|*nei**»on  of  drtrk  Frussiati  btue,  rn  the  othor  brother  it  produpf>»dirk 
yellow.  t$i!m&  of  the  co1vr#,  though  diflvnng  in  tbe  tw^  brothertf  nr^  not  prtidticid 
fc/iO^aound. 
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Are  little  elevations  of  the  surface  of  the  cutis,  usually  simply  conical  or 
elavate  in  form  (Fig.  249),  but  sometimes  presenting  numerous  summits. 
Od  the  palmar  surface  of  the  hand, 

they  are  arranged  in  rows ;  and  they  fio.  249. 

are  there  so  numerous  that  (accorfl- 
ing  to  E.  H.  Weber)  as  many  as  81 
compound,  or  from  150  to  200  simple 
papillie,  are  contained  within  the  area 
of  a  square  (Paris;  line.  The  papil- 
lae are  also  very  numerous,  though 
without  any  definite  arrangement,  on 
the  red  surface  of  the  lips,  on  the 
penis  of  the  male,  on  the  labia  mi- 
nora and  clitoris  of  the  female,  and 
on  the  nipples  of  both  sexes;  but 
elsewhere  they  are   scattered  more 

widely  apart.      Each  sensory  papilla         vertical  section  of  the  Skln  of  the  palmar  sur- 

receives    one   or  more    nerve-fibres     'oce  of  the  forefinger  (treated  with  a  Hoiutioii  of 

from  the  plexus  which    is  formed    by  ^""*"^  '^^'i^'  showing  the  bnncheB  of  e..tnneo.,s 

^i_      .  '  1    -.  i»    1  •/»        •  Dorvpn,   a,  ft,   inoflculatinff  to   form    a  terminal 

the   inosculation  Ot   the  ramihcations  piexus.  of  which  the  ultimate  ramifications  pau 

of  the  cutaneous   nerves  (Fig.  249);  into  the  cutaneous  papillfe,r,c,c:. 

and  the^e  nerve-fibrejs  seem  to  termi- 
nate (at  least  in  the  papilhe  of  the  palm  of  the  hand  and  of  the  lips,  and  in 
the  simple  papillae  of  the  tongue)  in  a  peculiar  "  axile  body,"  which  occupies 
the  principal  part  of  the  interior  of  the  papilla  (Fig.  250).  With  regard 
to  the  nature  of  this  body,  there  has  been  considerable  di^^cussion  between 
Prof.  Wagner,  its  discoverer,  and  Prof.  Kolliker;^  the  former  regarding  it 
as  an  organ  altogether  mi  generis;  whilst  the  latter  maintains  that  it  is 
nothing  else  than  a  moss  of  homogeneous  connective-tissue  with  an  external 
layer  of  imperfectly-developed  elai>tic  tissue,  and  that  it  is  essentially  similar 
to  the  bundles  of  tibrous  tissue  encircled  by  elastic  fibres,  which  are  to  be 
found  in  the  substance  of  the  cutis.  This  last  view  is  in  the  main  supported 
hj  Mr.  Huxley,  who  regards  the  "axile  body"  as  formed  by  the  continua- 
tion and  increased  development  of  the  neurilemma  of  the  nerve-tubes  which 
enter  the  pai)illa,  and  as  bearing  a  close  relation  to  the  "Pacinian  bodies."* 
The  recent  observations  of  Rouget,  Biesiadecki,  and  Thin  seem  to  show  that 
the  tactile  corpuscles  really  represent  the  specially  modified  termination  of  a 

'  For  (IctniU  in  rc^Hnl  to  tho  struoturo  «>f  the  corpusoulii  tuctu;*  and  tlio  torinina- 
tion*  of  th«  tnctih^  n«*rvr».s,  8r»o  Prof.  Wwfijnor  in  tho  Gottinijpn  GcUjhrle  Nnchrichton 
for  Feb.  180*2,  and  Mullt^r's  Archiv,  ISVJ,  H«»ft  4 ;  Prof.  Kollikor  in  Zeitsch.  fur  Wis- 
tenech.  Z«h>1.,  June,  1802,  Mnd  in  his  Mik  Anal.,  Bd.  ii,  p.  24;  Dalzell,  in  Edin. 
Monthly  Journal,  March,  1833  ;  Eokor,  Icon.,  Physiol.,  phite  xvii ;  Lcyditj,  Mfiilor's 
Archiv,  18o<),  p.  TiO,  and  Si'hultz»^'s  Anhiv.  f.  Mic.  Anat..  1808,  p.  "lOo;  Gi'rlach, 
Mij^roi^kop.  Siudion.  Erlangon,  1838  ;  Krause,  Dio  Terminal  Korporchon  dor  oinfaoh 
Sensibeln  N«rven,  Hanover,  1800;  IIuxlov,  in  Cyclop,  of  Anat.  Physiol.,  Suppl.,  Art. 
Tegument.  Orjjans,  1850,  p.  60;^ ;  Mcissn^r,  Boiir'aijo,  plat«^  i,  Fijjs.  6  and  8;  Ilonlo, 
Haodb.  der  System.  Anat.,  1862,  Bd.  ii,  p.  18;  Fick,  Lchrb.  dc?r  Anat  dcr  Sinnes 
OrgMnn,  18*32,  p.  22;  Tomsa,  Wien  Med.  VVochcns.,  l8i>o,  Bd.  xv,  p.  53;  Rougot, 
Art-hiv.  di"  Phvsiol.,  18G8,  p.  51«8;  MicheUon,  Contralhlatt,  1809,  p.  440  ;  G.  Ciaccio, 
MoleM;hott'j»  ifnUThUch.,  Bd  x,  p.  570  ;  J.  Schobl,  Schultz»^'.«i  Archiv,  Bd.  vii,  p.  200, 
and  vili,  p.  295;  Th.  Eimcr,  Idem,  Bd.  vii,  p.  181  ;  L.  Sticda,  Idem.,  Bd.  viii,  p.  274 ; 
W.  B^il,  Absl.  inCentralbhitt,  1872,  p.  002;  SorU.li,  Abst.  in  Centralhlatt,  1872,  p  002; 
Bud^c,  C«'ntralblHtt,  1873,  p.  504;  Lanixerhans,  SchultzeV  Archiv,  Bd.  ix,  p.  730; 
Jobert,  Conipti?8  Uendus,  1874,  p  820;  G.  Thin,  Journ.  of  Anat.  and  Phys.,  1874.  p. 
W;  Bieiiiad«*cki,  in  Strieker's  Hum.  and  Comp.  Histology,  vol.  ii,  p.  232;  Grandry, 
Jourrvil  do  l'Anat«>mie,  t.  vi,  1870,  p.  300 

*  S«*e  his  Memoir,  On  the  Structure  and  Relation  of  the  Corpuscula  Tactus,  in  the 
Quarterly  Journal  of  Microscopical  Science,  vol.  ii,  p.  1. 
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muffis  medullutetl  uerve-fihre*  The  nerve  runs  without  division  »ornetini€« 
ouly  as  far  as  the  lower  pole,  sometimee  m  far  aa  the  michlle,  and  gomelimfs 
even  to  the  extremity  of  the  corpuscle,  frequently  winding  arotuid  it  once  or 


jy-^A 


lb'' 


Tntrtlk  Pupnitt  frciiJi  ihe Skfn  rtf  the  puIiiuiT  suifsipi?  of  lh<»  fuT*^(l njf^T,  ^hov1n|{  tite  Uu^tllf  ^rpilfidcs 
or  ''natJltJ  IhjUIis:"  a.  Ih  the  nnltiml  etate;  n^  Ireult^  with  acelle  *dil, 

twice,  and  eoustrictiug  it  iit  these  points*  The  nerve  at  length  suddenly  losses 
its  medulla  and  can  no  longer  be  traced,  &o  that  the  termination  of  the  axii* 
cylinder  is  unknown.  The  corpuscle  further  presents  certain  tmnBverse  ele- 
ments (F'ig.  250  B),  which  are  the  nuclei  of  oblong  cells,  and  antLStonioa^ 
with  each  other  by  meauB  of  prolongations  of  elastic  tis*sue  fibres,  Tlie  cap- 
mile  of  the  corpuscle  ie  formed  by  a  circular  layer  of  elastic  tissue  farmed 
by  the  anastomming  proces^^es  of  celk^  That  the  axile  eorpusdea  *>f  Wag- 
ner lire  intimatt.^ly  aa^>eiated  with  proper  nervous  tissue,  is  clewrly  fihowij  by 
the  fatty  degeneration  they  undergo  on  section  of  the  nerves  suppiying  tliem. 
In  a  majority  of  so-caUed  uerve-frnpilla?  one  or  more  capillary  loop^  may 
easily  be  demonstmtecL  A  very  jsimple  form  of  the  axile  btjdlee  has  been 
described  by  Krause  as  occasionally  occurring  iu  the  conjunctiva^  lip^,  and 

soft  palate,  in  the  tongue*  and  iu  the  glan<  \w\\y^  . 

and  glans  cHtoridis.     Here  the  nerve  forms  a  ' 

*'  terminal  button  or  knob/*  con  siting  of  a  dtdi- 

cute  i^heath  dotted  with  nuclei  and  filled  with 

ixntnular  plasma,  into  which  the  cylinder-axis  yf  i 

the  nerve  enters  terminating  by  a  simple  blunt 

extremity.    In  the  Pacinian  bodies,  the  numln^r 

of  which  in  Man  is  estimated  by  Rauber  to  be 

2142/  a  more  complex  structure  is  met  with 

than  in  either  of  those  just  mentioned,  the  chief 

Ci^iikr,  loop.  r. f ^uu...u.  pa,m«.    ^f^^^^^^  being  that  instead  of  a  jingle  sheath, 

at niBTgin of Jips.  there  are  many  jnveatmg  capsules;  a  ipaoe 


Fto.  2sr 


*  Dr    Bnjifo  Rpppars  to  dnubt  the  tprmiruilifin  In  any  in^tuncp  nf  sen*^ory  nerv*^  br 
fret*  e3£irpmUii?» ;  for  hi^  \\i\%  f^viTywh<*rfl  tibti^iiited  dt'm^n^tr»tJv*«  fvldpnce  »>fa  nH*  | 
work,  \Xm-  fibres  hflni;  oRinj  ^trt»3£irH«*rdiniiry  t**nnitv.     Hi*  b(*lii*¥L'*  iIihI  In  !b*?  p»pKli» 
of  Ihe  Skin,  nnd  evi-n  in  Iht'  Piic'lniiin  boiiius,  ufler  Ijccumtns*  nonrincti**!  with  nmiH  *»r 
(?urpn^<'l<?*  the  nprv^-fibrp?  turn  or  loup  biiuk  tu  the  cuU  frtim  whence  Lbi*y  origin 

^  Unterauch.  Manchcn,  186L 
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being,  however,  always  left  between  the  innermost  one  and  the  extremity  of 
the  nerve,  in  which  a  fluid  or  semifluid  substauce  is  contained.  As  the  "  cor- 
poseula  tactus"  and  "Pacinian  bodies"  are  only  to  be  found  in  the  papillse 
of  those  parts  which  are  distinguished  for  acuteness  of  tactile  sensibility,  we 
cannot  regard  them  as  essential  to  the  exercise  of  the  sense  of  touch  ;  their 
function,  either  being  to  intensify  tactile  impressions,  where  delicacy  of  touch 
IB  peculiarly  required,'  or  perhaps  to  supply  information  in  regard  to  varia- 
tions in  the  strenp^th  of  certain  stimuli,  as  those  of  temperature  or  pressure. 

594.  The  relative  sensibility  of  different  parts  of  the  Skin  may  be  in  some 
degree  judged  of  by  the  results  of  the  observations  of  Prof.  E.  H.  Weber  ;* 
whose  mode  of  ascertaining  it  was  to  touch  the  surface  with  the  legs  of  a 
pair  of  compasses,  the  points  of  which  were  guarded  with  pieces  of  cork, 
and  then  (the  eyes  being  closed)  the  legs  were  approximated,  until  they  were 
brought  within  the  smallest  distance  at  which  they  could  be  felt  to  be  dis- 
tinct from  one  another,  which  has  been  termed  by  Dr.  Graves  "  the  limit  of 
confusion." — ^The  following  are  some  of  the  measurements  taken : 


i  of  a  lino. 


Point. of  tongue,     ... 
Pttlmar  surfacoof  third  pha- 
lanx,        1  line. 

Rpd  surface  of  lips,     .     .     .  2  lines 
Palmar    surface  of    second 

phalanx 2  '* 

Palnaar  surface  of  metacar- 
pus,    3  " 

Tip  of  the  nose,      3  *' 

Dorsum  and  edge  of  tonfirue,  4  '* 

Part  of  lips  covered  by  skin,  4  •' 

Palm  of  hand, 6  '< 

Skin  of  chock, 6  « 

Extremity  of  great  toe,  .     .  5  " 

Hard  palate, 6  «' 


Dorsum  of  hand,    ....  8  lines. 

Mucous  membrane  of  gums,  9  *' 

Lower  part  of  forehead, .     .  10  '* 

Lower  part  of  occiput,    .     .  12  ** 

Back  of  hand, 14  *< 

Vertex, 15  •* 

Skin  over  patella,   ....  16  ** 

**        sacrum,  ....  18  ** 

"        acromion,    ...  18  " 

Dorsum  of  foot 18  •* 

Skin  over  sternum,      .     .     .  L'O  ** 

Skin  beneath  occiput,      .     .  24  " 

Skin  over  spine,  in  back,     .  80  ** 

Middle  of  the  thigh,  .     .     .  30  *< 


It  is  curious  that  the  distance  between  the  legs  of  the  compasses,  as  well  as 
the  rapidity  of  their  motion  when  they  were  lightly  drawn  over  the  skin, 
teemed  to  be  greater  (although  really  so  much  less),  when  it  was  felt  by  the 
more  sensitive  parts,  than  when  it  was  estimated  by  parts  of  less  distinct 
BBOsibility.  With  the  extremities  of  the  fingers  and  the  point  of  the  tongue 
the  distance  could  be  distinguished  most  easily  in  the  longitudinal  direction  ; 
OD  the  dorsum  of  the  tongue,  the  i'ace,  neck,  and  extremities,  the  distance 
oould  be  recognized  best  when  the  points  were  placed  transversely.  As  a 
general  fact,  it  seems  that  the  sensibility  of  the  trunk  is  greater  on  the 
median  line  both  before  and  behind,  and  less  at  the  sides.  Differences  in 
the  temperature  and  weight  of  bodies  were,  according  to  Prof.  Weber's  ob- 
eervation.s,  most  accurately  recognizc^d  at  the  parts  which  were  determined 
to  be  most  sensible  by  the  foregoing  method  of  inquiry.^ — It  has  been  since 


1  In  proof  of  which,  various  ing(»nious  experiments  have  been  made  hy  Krause  (see 
Zfsitschrift  flir  Rat.  Med.,  xvii,  p.  278).  He  explains  their  presence  in  the  mesentery 
of  the  Cat  as  connected  with  the  mechanism  and  arranijjement  of  the  viscera  required 
for  the  act  of  spring! ni?. 

■  For  similnr  experiments  performed  by  Dr.  Ballard,  see  Lnncct,  1802,  vol.  i,  p. 
803.  Dr.  Ballard  found  that  in  the  hand  the  tip  of  the  ind(>x  finder  was  the  most,  the 
dor«a1  surface  of  the  base  of  the  fifth  metacarpal  bone  the  least,  aen>^itive  part;  the 
limit  of  confusion  in  the  former  beinj^  0  85  of  a  lino,  in  the  latter  5  lines. 

•  See  his  Memoir,  De  Fulsu,  Respiratione,  Auditu,  ct  Taciu,  Lip>i8p,  1834.  Soe 
also  Ri'cherrhes  i*ur  la  Nature,  la  Distribution,  et  I'Orjiane  du  Sens  Tju'tile,  by  M.  H. 
Helfli'Id-Leffevre,  Paris,  1837;  and  Prof.  Vnb»ntin'.s  Lehrbuch  dor  Phyniolo^ie  des 
Menschen,  Bd.  ii,  560. — In  the  Author's  article,  Touch,  in  the  CyclopaSdia  of  Anat- 
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fouod.  however,  by  Prof.  Valentin,  who  has  follower!  up  aiic!  extemleil  Prof, 
Weber*9  observatiung,  that  a  considerable  amouDt  of  individual  variation 
exisU  in  regard  to  the  **  limit  of  confusion ;"  some  persons  being  able  to  dw 
tlnguish  the  points  at  one-half  or  even  one  third  of  the  distances  reouired 
by  others,  Czerniak^  has  drawn  attention  to  many  curious  facts  io  relation 
to  the  "sense  of  space/'  or  **loeiility"  possessed  by  the  skin;  and  has  par- 
ticularly shown  that  two  points  may  be  much  more  closely  approximated, 
and  yet  distinguished  as  two,  if  they  are  applied  one  after  the  other,  than  if 
they  are  applied  together.  The  delicacy  of  the  sense  of  touch  h  diminished 
if  the  8k in  be  cither  artificially  or  naturally  st retch e<l ;  hence  the  skin  of 
the  belly  is  le^s  sensitive  during;  pregnancy  than  under  orclinary  circum- 
stances, and  this  may  ai^j  in  some  mea^^urc  serve  to  explain  the  diminution 
in  sensibility  which  occurs  in  the  passii^e  from  cliildhood  to  adult  age,  though 
the  difference  is  no  doubt  partially  due  to  the  iucrca^d  thick ot^  of  the  , 
ejjithelium.  The  theory  of  the  sense  of  touch  which  has  been  sui,^^te*l  hy 
Fick,  is  that  each  nerve-fibril  breaks  up  into  a  pencil  of  fine  fihiment^  at 
the  periphery,  which  are  distributed  over  a  certain  space,  perhaps  on  the 
avenige  about  ^^th  of  an  inch  in  diameter*  An  impression  made  upon  any 
one  of  these  filaments  conveys  the  same  sensation 
to  the  sensorium,  providing  no  other  nerve  be  dis^ 
tributed  to  the  same  space ;  but  this  hardly  ever 
occurs,  and  hence  com  pern  nd  sensations  arise,  by 
which  our  perception  of  the  precise  spot  uf  the  skin 
t ou eh ed  by  a  poi  n  t  i 35  ace u  ra  to  1  v  d e term  i  n ed .  Th  us, 
if  we  suppose  the  distributkjn  of  nerves  to  be  re  pre* 
sented  by  I  he  circles  a,  H,  c:  (Fig.  252 1,  ^iugle  ^mh 
salibnsft  would  l)e  produced  if  a  f joint  were  applied 
at  1,  2.  or  3,  hut  a  ctmi pound  sensation  vviulil  he 
produced  if  contact  were  made  at  4  or  5,  fUr  the 
fibrils  of  two  nerves,  A  and  r,  or  h  and  t\  wouhl  be  inj plicated  :  whilst  if 
the  impression  were  made  at  0,  a  glill  more  complex  sensatioti  would  arise, 
for  then  the  peripheral  branches  of  three  of  these  nerves  would  be  afFccled ; 
in  all  mstances  a  difference  in  the  character  of  the  imprt'^inn  capable  of 
recoguitiou  hy  the  mind  being  produced.  It  is  obvious  that  the  closer  these 
" sensory  circles"  arc,  and  the  more  intimately  the  branches  of  different 
nerx'eg  are  intercalated  with  one  another,  the  greater  will  be  the  areuracy 
of  the  sense  of  locality  of  that  part^  or,  in  other  words,  the  greater  will  be 
the  facility  with  which  minute  differences  in  the  precise  spot  louclK^d  will  be 
appreciated.  The  experiments  of  Dr.  Paul  us*  sliow  ihat  the  sensitiveness  of 
the  skin  of  the  lower  extremity,  in  accordance  with  a  theory  proftoundi'd  by 
Vierordt,  increasses  \?ith  its  distance  from  the  axis  of  rotation  of  the  \Un\ 
or,  in  other  words,  from  the  proximal  joint,  and  with  the  freetiom  with 
which  its  movements  can  be  executed,  -  The  leg  is  thus  more  sensitive  thaa 
the  thigh,  the  toot  than  the  leg,  and  the  toes  than  the  foot,  the  sens^ilivcni*^ 
in  each  division  ajrain  augmenting  from  its  own  proximal  joint,  except  in 
the  single  ease  of  the  leg  projwr;  where  the  minimum  ai^uity  is  opp*K-itc  the 
centre  of  the  tibia;  hut  this,  as  Paulus  points  out,  really  favors  Vienmlt*i 
theory,  since,  under  different  circumstances,  sometimea  the  upper  and  some- 


omy  Htid  Pliy^lology^  vi*].  iv,  p.  1109,  wiU  be  fmind  a  Table  fncludmi^  ihi»  wh«4« 
ierie*  of  observiiliun*  m«di?  hy  Prufs.  \\V»ber  nnd  ViiU»ntin,  Iho  nmxlma  init  mtiniwm 
of  the  ktter  beina;  stHindj  m  woll  as  tho  memm. 

*  SitE-bep.   der  Wif^nnr    Aktiil.,  Bd.    itvii,  p.    603^  Bd.    istiv,  p.  281  j   nnd    Mw'l*- 
frcbott'ii  Untpi^uch,,  Btl.  t,  p.  188, 

*  Pnulii^j  ZiMt#i'bnft  f.  BioIo^jiCj  Bd.  vii|  p.  237  j  see  iilw>Kottcnkftmp  nnd  tTUrlclii 
/dom,  Bd.  vi,  p,  ST, 
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i!m#.«  the  lower  part  of  the  leg  moves  through  the  greatest  arc.  In  the  arm 
the  iticreit^ie  uf  seoaitivene^s  from  the  shoulder  to  the  tips  of  the  fingers  is 
i^i  I  :  24  ;  in  the  leg  as  1 ;  8|,  which  may  be  accounted  for  hy  the  greater 
Tapldity  required  in  the  movements  of  the  arm  as  compared  with  those  of 
the  leg. 

Q^^.  As  already  stated  (§  590)^  ttie  only  idea  communicated  to  our  minda 
ty  the  sense  of  Touch,  when  exercised  in  iu  simpleit  form,  is  that  of  liesiat- 

H'  m;  and  it  is  by  the  various  degrees  of  resistance  which  the  senM>ry  surface 
punters,  of  which  we  partly  judge  by  the  muscular  sense  (|  B'^S^j  that  we 
imate  the  hardness  or  soilness  of  the  body  against  which  we  press.  It  is 
only  when  either  the  sensory  surface  or  the  substance  Uiuched  is  made  to 
change  it=i  place  in  regard  to  the  other,  that  we  obtain  the  additional  notion 
of  ej-tenmoji  or  space;  this  also  being  derived  from  the  combination  of  the 
inu.=?cular  with  the  tactile  sense.  By  the  impress^ion  made  upon  the  papiUae, 
during  the  movement  of  the  tactile  organ  over  the  body  which  is  being  ex- 
amined, the  roughnesg^  smoothness,  or  other  peculiar  charaeterft  of  the  tmrfacG 
uf  the  latter  are  estimated.  Our  knowledge  of  form  ^  however,  is  a  very  com- 
plex process,  requiring  not  merely  the  exercise  of  the  sense  of  touch,  but  also 
great  attention  to  the  muscular  seusation?. — It  is  chiefly,  as  formerly  re- 
marked, in  the  varlehj  of  movements  of  which  the  hand  of  Man  is  capable, 
that  it  is  superior  to  that  of  any  other  animal ;  and  it  cannot  be  doubted 
that  the  sense  of  Touch  thus  employed,  atfords  us  a  very  important  means 
of  acquiring  information  in  regard  to  the  external  worhi,  and  especially  of 
correcting  many  vague  and  fallacious  notions  which  we  ahould  derive  from 
the  sense  of  Sight,  if  used  alone.  On  the  other  hand,  it  must  be  confessed 
that  our  knowledge  would  have  a  very  limited  range,  if  this  sense  were  the 
only  medium  througli  which  we  could  acquire  ideas.  It  is  probably  on  the 
•ensationa  communicated  through  the  Touch,  that  the  idea  of  the  material 
world,  as  someihiog  external  to  ourselves,  chiefly  rests;  but  this  idea  is  by 
Ho  means  a  logical  deduction  from  our  experience  of  these  sensatious,  being 
xather  an  instinctive  or  intuitive  perception  directly  excited  by  them, 

5^(1  Various  experimenter*  have  endeavored  to  determine  the  accuracy 
with  which  the  Skin  can  appreciate  impressions  of  weight  or  pressure  when 
Gnassisted  by  the  "  mu«icular  sense,*'  that  is  when  the  part  experimented  on 
h  well  supfwried,  as  when  the  hand  h  laid  upon  a  table,  Anbert  and 
ler  found  that  on  the  laee  and  dorsal  surface  of  the  upper  extremity^ 
iure  of  a  portion  of  elder-pith,  presenting  a  surface  of  nearly  one- 
an  inch  square,  aufl  weighing  only  ^^  of  a  grain  (2  mgrm/),  could 
be  distinguished ;  whilst  the  tips  of  the  fingers  required  a  weight,  presenting 
same  superficies^  of  ,^d  of  a  grain  or  more,  and  the  toes  as  much  as  8 
lUb,  before  any  sensation  of  pressure  was  felt.  The  presence  of  the  minute 
airs  on  the  face  was,  however,  found  matarially  to  influence  its  sensihilityj 
iince  when  th^e  were  shaved  ofi"  it  was  much  diminished. — According  to 
Weber,  differences  in  the  amount  of  pre^ure  are  more  accurately  distin- 
guished if  they  are  applied  successively  to  the  same  point,  than  if  they  are 
'^timated  coetaneously.  The  interval,  however,  must  not  be  more  than  a 
few  seconds,  unless  the  difference  be  considerable.  Thus  when  4  ounces  and 
b  ounces  were  successively  applied,  an  accurate  judgment  of  the  ditference 
Jnight  be  made  at\er  90  seconds ;  but  the  difference  between  14,5  and  15 
i>iiuces  could  not  be  accurately  determined  after  40  seconds*  If  the  bare 
tense  of  pr^sure  were  assisted  by  the  muscular  sense,  as  in  cases  when  the 
hand  was  unsupported,  much   finer  discrimination  was  always  displayed* 


A  Atib«ftAiid  K&mtnler,  Moleflchott^s  UnteriaQh.,  Bd.  v,  p.  145;  Dohra,  Zeits.  t  Bat, 
■     I860* 
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Thus  on  lifting  a  cloth  lu  which  weights  were  concealed,  Weber  found  that 
leu  people  correctly  indi ceiled  that  a  weight  of  80  ounces  was  heavier  than  one 
of  78  ounces.  Both  Weber  and  Fechtier^  appear  to  have  satirifaetonly  nhown 
that  with  lightweights  smaller  ditferences  are  perceived  than  with  heavr 
weights.  Thus  supposing  that  onna^  weif^hts  are  distinguishable  in  the  ratio 
of  29  to  30,^ — Le.,  that  a  weight  of  29  ounces  can  be  discriminated  when  at- 
tentively examined  from  oug  of  30  ounces^  a  whole  ounce  requiring  to  be 
added  or  subtracted  before  certainty  i^  attained ; — ^when  draehms  are  em- 
ployed  the  same  ratio  stili  subsists^  so  that  in  this  instance  the  removal  or 
addition  of  one  drachm  to  a  weight  of  30  dnichma  can  be  accurately  apprw- 
Ated.  Mei.^^ner  has  drawn  attention  to  the  fact,  which  must  be  familiar  to 
most  pei^ons,  that  if  the  hand  or  foot  be  immersed  in  warm  water  or  mer* 
cury,  the  only  sensation  experienced  is  that  of  a  ring  surrounding  the  limb 
at  the  surface  of  the  fluid.  This  etfeet  is,  as  he  suggests,  probably  due  to 
the  circumstance  that  the  pres.sure  is  applied  in  such  cases  with  j>erfe<-'t  uni- 
formity over  the  part  immersed,  and  therefore  causes  no  diiftyrlmuce  of  the 
nervous  elements,  the  tactile  sense  being  only  excited  at  the  line  where  the 
pressure  produced  by  the  fluid  is  exchanged  for  that  of  the  air, — Vnlentin' 
has  endeavored  to  ascertain  the  duration  of  a  momentary  excitation  of  the 
sense  of  Touch  by  rolling  a  spiked  wheel  over  the  skin;  wheti  sh^wly  rotated, 
the  contact  of  each  s^pike  was  clearly  discerned;  but  when  only  gj^th  of  a 
second  intervened  between  the  sucee^ive  blows,  they  could  no  lunger  be  dis* 
tinguisbed. — That  the  crmditions  under  which  certain  of  the  mixlifications 
of  common  sensation  operate,  are  in  some  respects  different  from  those  of 
ordinary  Touch,  is  very  ea^^ilv  shown.  Thus,  the  feeling  of  tickling  is  ex^ 
Cited  most  readilv  in  parta  wbich  have  but  a  low  tactile  sensibility,  namely^ 
the  armpits,  ftauks,  and  soUs  of  the  feet;  whilst  in  the  poiutg  of  the  fingers, 
whose  tactile  sensibility  is  most  acute,  it  cannot  be  excited.  Moreover,  the 
nipple  is  very  moderately  endowed  with  onllnary  sensibility ;  yet  by  a  pai^ 
ticuliir  kind  of  irritation,  a  very  strong  feeling  may  be  excited  through  it. — 
Again,  in  regard  to  Temperature,  it  is  remarked  by  Weber  that  the  left 
hand  is  more  sensitive  than  the  right;  although  the  sense  of  touch  is  un- 
doubtedly the  most  acute  in  the  latter*  He  states  that  if  the  two  bauds, 
previously  of  the  same  temperature,  he  plunged  into  separate  btistns  r>f  wana 
water,  that  in  which  the  left  hand  is  immersed  will  be  felt  as  the  warmer, 
even  though  its  temperature  is  somewhat  lower  than  that  of  the  other,  la 
regard  to  the  sensations  of  heat  and  cold,  he  points  out  another  curious  fact, 
— ^that  a  weaker  impression  made  on  a  large  surface,  seems  more  powerful 
than  a  stronger  impression  made  on  a  small  surface;  thug,  if  the  forefinger 
of  one  hand  be  immen^ed  in  water  at  104°,  aud  the  whole  of  the  other  hand 
l>e  plunged  in  water  at  102',  the  cooler  water  will  be  thought  the  warmer; 
whence  the  well-known  fact,  that  water  in  which  a  flnger  cad  be  held,  wiJl 
ficaid  the  whole  hand.  Hence  it  also  follows,  that  mioute  diiferenccs  in 
temperature,  whieh  are  ini|ierceptible  to  a  single  finger,  are  appreciated  by 
plunging  the  whole  hand  into  water;  in  this  manner  a  diflerence  of  one-third 
of  a  degree  may  readily  be  detected,  when  the  same  hand  is  placed  suoci»- 
Btvely  in  two  vessels.  The  judgment  h  more  accurate^  when  the  temperattin 
IB  not  much  above  or  much  l>elow  the  Ui*ual  heat  of  the  body ;  just  aa  aoiitidfl 
are  best  discriminated,  when  neither  very  acute  nor  very  grave. 

697,  Whether  the  channels  tor  the  etmductiou  of  sensations  of  pain,  tick- 1 
Hog,  and  temperature  are  distinct  from  those  of  touch  is  still  doubtful.    ThJi 


*  Blemeateder  Piychopbysik,  1860. 

>  Ueber  die  Bauer  dor  TititeindrttckOi  Archiv  t  Pbyaloh  Heilk.,  Bd.  xi,  p.  ISS. 
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pathological  observatioDS  of  M.  Brown-Sdquard*  strongly  support  the  view 
that  such  separate  conductors  do  exist,  and  he  even  believes  he  has  demon- 
strated that  the  nerves  conducting  the^e  four  kinds  of  impression  from  the 
inferior  extremities  and  greater  part  of  the  trunk  after  decussation  are  situ- 
ated in  the  upper  part  of  the  Spinal  Cord,  behind  the  corresponding  group  be- 
loDgtDg  to  the  upper  limbs  and  the  neck ;  and  Horvath^  has  made  the  curious 
observation,  that  if  thie  fingers  be  kept  for  some  time  in  alcohol,  only  a  few 
degrees  (8**)  above  the  freezing-point,  whilst  the  tactile  sensibility  is  retained, 
the  prick  of  a  needle  is  not  felt.  The  experiments  made  by  Weber*  to  de- 
termine whether  there  are  special  conductors  for  temperature,  in  which  he 
applied  spatulas  of  different  temperature  (48^  and  122^  F.)»  to  the  surface 
of  the  skin  denuded  of  its  integument  by  a  burn,  and  found  that  only  paia 

It  is 


experienced,  are  of  little  value.  It  is  remarkable,  however,  that  we 
cannot  excite  impressions  of  heat  or  cold  by  direct  application  to  the  trunks 
of  nerves  which  we  know  must  conduct  such  impres.sions;  for  the  parts  of 
the  skin,  immediately  beneath  which  lie  large  nerve-trunks,  are  not  more 
■ensitive  to  moderate  heal  and  cold  than  are  any  others ;  whilst  a  greater 
degree  of  either  is  felt  as  pain,  not  as  a  change  of  temperature.  Thus,  a 
mixture  of  ice  and  water  applied  over  the  ulnar  nerve,  affects  it  in  fifteea 
wconds,  and  produces  severe  pain,  having  no  reseniblance  to  cold,  and  such 
as  cannot  be  excited  by  the  same  degree  of  cold  applied  to  any  other  region. 
So  the  nerve  of  the  tooth-pulp  is  equally  and  similarly  affected  by  water  of 
43^  and  of  112^;  either  application  causing  a  pain  exactly  similar  to  that 
excited  by  the  other,  or  to  that  produced  by  pressure.  The  same  is  true  of 
the  impressions  received  through  the  skin  itself,  when  they  pass  beyond  cer- 
tain limits  of  intensity ;  thus,  the  sensation  produced  by  touching  frozen  mer- 
cury is  said  to  be  not  distinguishable  from  that  Which  results  from  touching 
a  red-hot  iron.  Wislicenus*  and  Pick,  moreover,  found  that  sensations  of 
heat,  even  in  the  most  sensitive  parts  of  the  body,  were  sometimes  mistaken 
for  those  of  contact.  Thus  in  the  case  of  the  hand,  an  erroneous  conclusion 
was  arrived  at  six  times  out  of  105  trials,  and  on  the  back  twelve  times  ia 
30  experiments.  The  perception  of  variations  of  temperature  does  not  ex- 
tend in  the  mucous  membranes  far  beyond  their  external  orifices.  Thus, 
Weber  found  that  on  drinking  a  tumbler  of  water  32°,  he  felt  the  cold  water 
in  the  mouth  and  pharynx,  but  its  passage  into  the  stomach  could  not  be 
perceived.  There  was,  it  is  true,  a  slight  sensation  of  cold  in  the  gastric  re- 
rion,  but  as  it  only  occupied  the  situation  of  the  anterior  wall  of  the  stomach, 
It  was  attributable  to  the  abstraction  of  heat  from  the  abdominal  integu- 
ments in  contact  with  this.  On  drinking  three  glasses  of  milk  at  158°,  145°, 
and  140^,  the  sensation  of  heat  could  not  be  traced  lower  down  than  that  of 
the  cold  in  the  previous  experiment.  In  like  manner,  the  injection  of  four- 
teen ounces  of  water  at  65°  into  the  rectum  pHwluced  scarcely  any  sensation 
of  cold,  though  on  its  return,  a  few  minutes  afterwards,  a  distinct  feeling  of 
cold  at  the  anus.  When  water  at  so  low  a  temperature  as  45.5°  F.  was  in- 
jected, the  first  feeling  excited  was  a  sensation  of  cold  in  the  immediate 
neighborhood  of  the  anus,  and  then  a  feeble  movement  in  the  bowels ;  but, 
a  little  time  afterwards,  there  was  a  faint  sensation  of  cold,  especially  in  the 
anterior  wall  of  the  abdomen.  This  sensation,  however,  remained  afler  the 
return  of  the  water ;  and  may  hence  be  attributed  to  the  abstniction  of 
warmth  from  the  abdominal  integuments,  which  was  proved  to  have  taken 

*  Archives  de  Physiologic,  1868,  vol.  i,  p.  610;  see  also  Sieveking,  Mcd.-Chir. 
Rev.,  1858,  p.  280;  Spring,  Preese  Medicalo,  1864,  No.  xxxiv. 

*  Ccntralblntt,  1873,  p.  208.  »  Muller's  Archiv,  1849,  p.  278. 

*  Ucnle  and  Meissner's  fiericht,  1859,  p.  632. 


732      OF    THE    ORGANS    OF    THK    SBI^SKE,  AND    THEIR    FUKCTIOJIS. 


place,  tbe  teiapemture  of  ihe  surface  bemg  lowered  3"^,  So,  agtiin,  if  the 
cavity  of  tbe  iioiie  be  filled  witb  cold  water,  tbe  coldaesa  ia  only  perceived  in 
the  i>ana  of  the  cavity  which  are  tiio^t  endowed  with  tbe  proper  tactile  ^tise, 
immely,  tbe  neighborhood  of  the  uositrilii  and  of  the  pharynx ;  and  it  is  ©ot 
at  all  discernible  in  tlte  bigber  part  of  the  cavity,  which  k  Ci?pecially  subsef-  | 
vieut  to  tbe  olfactory  sense.  But  when  tbe  water  injected  is  very  cold  (c,  ^,f 
41^),  a  peculiar  paiu  i:^  felt  in  the  upper  part  of  the  nasf^l  fossae,  exteodiog 
to  the  regions  of  the  forehead  and  the  lucbrymal  canals ;  tbb  pain,  however, 
is  altogether  different  from  the  sense  of  cold[jes*d>  lu  Nothnagers'  esktemivo 
series  of  eatperimenta  it  wils  found  that  slight  diflerences  of  lemperaiure  arc 
moBt  acutely  recognized  between  80°  and  91^  Fahr.  The  eyelids,  cheeks, 
and  temples  can  distinguish  variations  amounting  to  not  more  thao  from 
0.4"^  to  (X2°  C.  The  baud  and  finger  are  about  equally  sensitive,  but  aro 
less  80  than  the  foreartu,  and  ihis*  again  is  exceeded  by  the  upper  arm,  which 
can  distioguisb  a  differeuce  of  0.2''  C,  and  the  same  holds  good  of  the  f<>ot, 
leg,  and  thigh, 

o98.  The  improvement  in  the  sense  of  Touch,  in  those  persona  wboee  depen- 
den  CO  upon  it  i^  increased  by  the  loss  of  other  i«?iisc8,  'm  well  known  ^  and  the 
remarkable  circumstance  noticed  by  Vol k man u,' that  the  increased  sensitive- 
ness which  results  from  frequent  experiments  made  up:)n  one  side  of  the  boily 
is  expcrieuceil  also  in  the  nerve-fibres  distributed  to  the  opposite  and  exactly 
symmetrical  parts,  seems  to  show  that  the  improved  delicacy  of  the  sense  is  to 
be  in  part  attributed  (as  already  remarked)  to  the  increased  attention  which 
is  given  to  the  sensations,  and  in  part,  it  may  be  surmised,  to  ao  increased 
development  of  the  tactile  organs  themselves,  resulting  from  tbe  frequent  uue 
of  them.  Tbe  process  of  the  acquirement  of  the  power  of  recogni/-ing  elfr 
vated  cbaractei-s  by  the  touch,  is  a  remarkable  example  of  this  im provability* 
When  a  blind  person  first  commences  learning  to  read  in  this  manner,  it  is 
necessary  to  use  a  large  type  ;  and  every  individual  letter  must  be  felt  for 
some  time^  before  a  distinct  idea  of  its  form  i:^  acquired.  After  a  short 
period  of  diligent  application,  the  individual  becomes  able  to  recognize  the 
combination  of  letters  in  words,  without  forming  a  separate  couceptiou  of 
each  letter ;  and  can  read  line  after  line,  by  parsing  tbe  finger  over  each, 
with  considerable  rapidity*  Whcu  this  power  is  once  thoroughly  acquired, 
thealase  of  the  type  may  be  gradually  diminished  ;  and  thus  blind  persons 
may  bring  themselves^  by  suttieicnt  practice  to  read  a  ty[>e  not  much  larger 
than  that  of  an  ordinary  large-print  Bible.  The  ease  of  Saunderson,  who, 
although  he  lost  bis  ai^ht  at  two  yeai-s  old,  beuime  Professor  of  Mathematical 
at  Cambridge,  is  well  known;  amongst  his  most  remarkable  faculties,  was 
that  of  dii^tinguishing  genuine  medals  from  imitations,  which  he  could  do 
more  accurately  than  many  connoisseurs  iu  full  possession  of  their  seu&eft- 
Beveral  instances  are  recorded  of  men  who  became  eminent  as  Seuipiors  after 
tbe  loss  of  their  sight,  and  who  were  particularly  successful  in  modelliag 
port  rait- busts ;  hence,  it  is  obvious,  not  merely  the  taclUe  but  the  mmruiar 
sensibilitv  must  be  gi-eatly  augmented  in  acuteness  by  the  habit  of  attending 
to  it.  The  power  of  immediate  reeoguition  of  individuals  by  tbe  slightes^t 
contact  of  tlie  hands,  even  ailer  long  j>eriods  of  time,  which  most  blind  and 
deaf  pej^ons  have  displayed,  is  one  of  the  most  curious  examples  of  the 
mode  in  which  toctual  perceptions  will  impress  themselves  on  the  memory, 
when  they  are  habiiually  attended  to.  As  an  example  of  the  correct  notions 
which  may  be  conveyed  lo  the  mind,  of  the  forms  and  surfaces  of  a  great 
variety  of  objects,  and  of  the  sufiiciency  of  these  notions  for  Accurate  com- 

1  DetitechM  Archiv  t  Klin.  Med,  Bd.  ii,  p.  284. 

^  YoIkniNTiTi,  tTeb«r  clea  Einflufe  der  Uhting  auf  diu  Erkeniien  KAUmlicber  D\$* 
Unxettj  Bericbt  der  Sucha.  GeacU,,  1856* 
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pan  sou » the  Author  may  mention  the  case  of  a  bliud  friend  of  hii  own  who 
has  acquired  a  very  complete  knowledge  of  Conchology,  both  recent  and 
fossil ;  and  who  is  not  only  able  to  ret.*ugnize  every  one  of  the  numerous 
ipeciraens  in  his  own  cabinet,  but  to  mention  the  nearei$t  alliances  of  a  siiell 
previougly  unknown  to  him,  when  be  has  thfirougbly  examined  it  by  bis 
toncb.  Many  similar  instances  might  be  cited,  one  of  the  most  remarkable 
being  that  of  Joiin  Gougb,  who^  although  l>rnid,  was  a  noted  botanical  col- 
lcetor»  and  earned  his  livelihood  as  a  land-gurveyor.  Several  cases  are  on 
record*  of  the  acquirement  by  the  blind  of  the  power  of  distinguishing  ibe 
colorji  of  surfaces  which  were  similar  in  other  respects,  and,  however  wonder- 
ful this  n»ay  seem,  it  is  by  no  meatvs  incredible.  For  it  is  to  be  remembered, 
that  the  difference  of  color  depends  upon  the  position  and  arrangement  of 
the  particles  composing  the  i^urface,  which  render  it  capable  of  reflecting 
one  rav  whilst  it  absorbs  all  the  real ;  and  it  is  quite  consistent  with  what 
we  know  from  other  sources,  to  believe  that  the  sense  of  Touch  may  become 
60  refined,  as  to  communicate  a  perception  of  such  differences*' 

3.  Seme  of  Taste. 

59^,  The  sense  of  Taste  is  that  by  which  we  distinguish  the  miptd  proper- 
ties of  bodies.  The  term  as  commonly  understood,  includes  much  more 
than  this  ;  being  usually  employed  to  designate  the  whole  of  that  knowledge 
of  the  qualities  of  a  body  (except  such  as  is  purely  tactile),  which  we  derive 
through  the  sensory  apparatus  situated  within  the  mouth.  But  it  will  be 
hereafter  shown  that  a  considerable  part  of  this  is  dependent  upon  the  assist- 
ance of  the  offaeUve  sense  (S  603) ;  which  is  affected  *  through  the  posterior 
nares  by  the  odorous  emanations  of  all  such  bodies  as  are  capable  of  giving 
them  off;  and  the  indications  of  which  are  so  combined  with  those  of  the 
true  gustative  sense,  as  to  make  an  apparently  single  impression  upon  the 
Sensorium.  Moreover,  there  are  certain  sensorial  impressions  received 
through  the  organ  of  taste,  which  are  so  nearly  allied  in  their  character  to 
those  of  totieh,  as  to  render  it  difficult  to  specify  any  fundamental  differ- 
ence between  them;  eucb  are  iha  pungent  sensations  produced  by  mustard, 
pepper,  the  eiaeutial  oilg,  etc, ;  all  of  which  substances,  when  applied  for  a 
suflicient  length  of  time  to  any  part  of  the  cutaneous  surface,  produce  a 
sensation  which  can  scarcely  be  dlstiognii'hed  from  that  excited  through  the 
organ  of  taste,  in  any  other  way  than  by  it«  inferior  intensity,  and  by  the 
absence  of  the  concurrent  odorous  emanaUcns,  The  taMe  of  such  Hubstauces 
might  therefore,  perhaps,  be  considered  as  the  composite  result  of  the  im- 
pressions made  upon  tne  sensorium  through  a  refined  ami  acute  foueh,  and 
by  the  effect  of  tneir  odorous  emanations  upon  the  organ  of  ^m^//.  Afler 
making  full  allowance,  however,  for  all  such  as  can  be  thus  accounted  for, 
there  remains  a  large  class  of  pure  mpors,  of  which  we  take  cognizance 
without  the  assistance  of  smell,  and  which  are  allogether  dissimilar  to  any 
tactile  iniprea-sions ;  such  are  the  hltkr  of  quinine,  the  itour  of  tartaric  acid, 
I  like  mved  of  sugar,  the  MftUne  of  common  salt,  etc.  The  smell  can  give  us  no 
lAeiistance  in  distinguishing  small  particles  of  these  bodiei^  since  they  are 


>  Amnng  the  bcft^authentidhtLHl  of  these,  la  that  of  a  hidy  who  becfime  blind,  and 
«fier wards  deikf^  in  cons&ijuijricc  of  an  attack  of  confluent  smiin-nox;  cited  in 
Dr.  Khto'A  Lost  S*>n-iM,  voL  iij  p.  79,  fram  the  Annual  RisgUter  for  1768.— Dr.  KiUo'i 
trortiii^e  may  he  reffttrisd  to^  as  eoniHimug  a  Inrge  collection  of  interesting  ca^es  of  a 
£  1  m  i  1  ar  d  eaer  i  ptian . 

'  F'or  an  me  ndditional  dHaih  in  rpj^ard  to  the  aen^c  of  touchy  »ee  thq  Author*! 
articsSe  Touchy  ia  the  Cyclopedia  of  Anatomy  and  Pbyilologyf  vol,  iv. 
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either  eiitirelj^  inodorous,  or  so  oearly  as  only  to  be  ret*0]2:niKable  througb  iu 
ineaus  wheu  m  large  lua^es ;  and  the  mr>st'refiaed  touch  eaimot  artijrd  any 
iudieation  of  that  kind  of  difference  among  ihem,  of  which  ^'e  are  at  once 
rendered  cognizant  by  taste. — C)f  all  the  ** special" senses,  however,  thai  of 
Ta>le  is  most  nearly  allied  to  that  of  touch,  as  appure  froiu  several  con- 
siderations. In  the  first  place,  the  nciwxi  con  fad  of  the  object  of  seii^^e  with 
the  organ  through  which  the  impression  is  received,  is  necessary  in  the  pres^ 
ent  case,  as  in  the  preceding.  Again,  it  appears  from  the  con  side  rat  it>tis 
formerly  adduced  (§  493),  that  there  is  no  special  nerve  of  Taste;  forlhe 

fustative  impressions  upon  the  frt>nt  of  the  tongue  are  conveyed  by  the 
jingual  branch  of  the  Fifth  pair,  and  the  branches  of  the  Facial  running 
ia  the  Chorda  tympani/  whilst  th<jse  made  upcju  the  back  of  the  orpan  are 
conveyed  by  the  Glosso-pharyngeal^  both  of  which  nerves  also  minister  to 
common  sensibility ;  and  pressure  on  the  trunk  of  either  of  these  nerves 
gives  rise  to  pain,  which  is  not  the  case  with  either  the  olfactory,  the  optic, 
ur  the  auditory  nerves.  Moreover,  the  papillary  af>paralu8,  through  wnich 
the  gustative  impressions  are  made  upon  the  extreuiitiesj  of  the^e  aerves, 
it  ej^sentially  the  same  iu  structure  with  that  of  the  skin *^ 

600.  For  the  Gustative  nerve-fibres  to  be  impressed  by  the  distinctive 
properties  of  sapid  substances,  it  appeara  requisite  tlmi  these  substances 
ahould  be  brought  into  immediate  relation  with  them,  and  that  tliey  shttuJd 
penetrate,  in  the  state  of  solution,  through  the  investments  of  the  papilhe, 
into  their  substance.  Thin  would  seem  to  be  proved  by  the  two  following 
facts;  first,  that  every  substance,  whether  solid,  fluid,  or  gas^eoua,  which 
posses^^a  a  distinct  taste,  is  more  or  less  soluble  in  the  fluids  of  the  mouth, 
whiUt  substance.^  which  are  perfectly  insoluble  do  not  nmke  their  presence 
known  m  any  other  way  than  through  the  sense  of  touch ;  and,  scfoud*  ihat 
if  the  most  sapid  substance  be  applied  in  a  dry  state  to  the  papillary  sur 
face,  and  this  be  also  dr>%  no  sensation  of  taste  is  excited.  Hence  it  may 
be  inferred  that  in  the  reception  of  gustative  impressions,  a  change  is  pro- 
duced in  the  molecular  condition  of  the  nerve- fib  res,  or,  to  use  the  (atigtmge 
of  Messrs.  Todd  and  Bowman,  their  ptdarity  is  excited  by  the  direct  ageaey 
of  the  sapid  matter  itself.  This  change  may  be  induced,  however,  both  by 
electrical  and  by  mechanical  stimulation,  if  we  make  the  tongue  form  part 
of  a  galvanic  circuit,  a  peculiar  settsation  is  excited^  which  is  certainly  allied 
rather  to  the  gustative  than  to  the  tactile,  and  which  does  not  seem  to  be 
due  (as  was  at  one  time  supposed)  to  the  decomposition  of  the  sails  of  the? 
saliva.  Andj  as  Dr.  Baly  has  pointed  out/  **  if  the  end  of  the  linger  h^ 
made  to  strike  quickly^  hut  lightly,  the  surface  of  the  tongue  at  iu  lip,  ar 


I  Lii**ana,  Ceiitriill)klt  f.  d,  M«d.  Wisa.,  1S71,  p,  233, 

*  Fur  Si>m<*  pathulngicnl  caaefl  bearing  tipnti  the  qui^aiion  of  the  impllcntion  of  tb« 
chorda  tympimi  in  the  S't^me  of  t«Bte,  see  Inzwni  mid  Luseanna,  in  the  Aivnali  TTni- 
ver*»iU  til   MpcJ.,  lSfl2,  pp  282-322;  Stich,  hi  Henlc  j*r.d   Mc-i?»ner'»   Brrielil,  18aT, 

&688^  wlillst  for  eiptTirat^nifl!  ovid&hco  to  ihr^  *ttTfit*  (?ff<*el,  t^m  SchifT,  UntiT^ucli.iur 
iiturifhre,  Bd  x^  p*  ^06,  and  E*  NeuranTin*  KSnia;;§berger  Medic.  Jfthrb  ,  Bd  iif,  p.  L 
The  two  former  observera  heljisvu  the  chorda  tjmpaui  to  be  the  tma  nerVi*  of  IMU 
for  the  nnterior  part  of  the  tongue,  by  ivhich  sw&et,  fiUine,  piqimtit,  attd  (iromatir 
flavors  are  di^tinguii^hf^df  whilst  the  miiicrftl  iioidA,  ft^iringeiiUf  bitier«f  pimg^finU 
putrefactive^  and  disguRling  fl«vnrs  are  chi*^Qy  perceiyi'd  thniiti;h  the  gk^sso-pharirn- 
geaL  Sch^fT,  Fhy*iologie,  1859,  p,  4^3,  think.*  the  Glos^o-phnryngcid  nerT**s  iiu 
i^pfdHily  iidaplod  t<>  ^ perceive  bitt*iT,  and  the  Fifth  rterv<>iR  add  lis s tit..  Mikip,  C*»n" 
tnitbTattj  iSfJ^  No.  46^  rec*>rd«  a  ca&e  whore  modlfir^ati^riB  of  the  s^en^e  of  tafiie  in  ih* 
forepart  of  the  tongue  rofiulted  from  pressure  tin  the  chorda  lympani,  ocenuooed  by 
th*"  use  of  one  of  Toy  n bee 'a  iirli^L-iHl  t^'mpana, 
»  Translation  of  MuUer's  Fhysiologii),  p.  1002^  n&U, 


SSKSK   OF    TA8T1. 


735 


its  edge  neat  the  tip,  so  as  to  affect  wot  tbe  sukstauce  of  the  or^n,  but 
merely  the  papilla?,  a  taste  someUmes  acid,  sometimes  ^line,  like  the  taste 
prod  need  by  electricity,  will  be  dii^tiiictly  perceived.  The  seu  nation  of  taste 
thu^  iiulueed  will  sometimes  cootiiiue  several  secoods  after  the  application 
of  the  mechanical  stimulus/'  On  the  other  hand,  as  Wagner  has  truly  re- 
marked, if  the  surface  of  the  tongue  near  the  root  be  touched  with  a  clean 
dry  glass  rml,  or  a  drop  of  distilled  water  be  placed  upon  it,  a  slightly  bit- 
terish sensation  is  produced ;  and  this,  if  the  pressure  be  continued,  ptissea 
into  thai  of  nausea,  and  if  tbe  pi-e^ure  be  increafsed,  even  excites  vomiting. 
The  feeling  of  naiL*ea  may  be  excited  by  mechanical  irritation  of  any  part 
of  the  snrfai^  of  the  fauces  or  soft  palate;  and  this  feeling  ib  certainly 
much  more  allied  to  that  of  taste  than  to  that  of  touch.  Further,  it  has 
been  observed  by  Henle,  that  if  a  j^mall  current  of  air  be  directed  npuu  the 
tongue,  it  gives  Vi^e  to  a  cool  saline  ta^te  like  that  of  saltpetre.  Thus  we 
find  that  the  peculiar  effects  of  sapid  substances  upon  the  nerves  of  tasle 
may  be  imitated  to  a  certain  extent  by  other  agencies;  and  it  aUo  ap[)ears 
that  the  sensations  excited  by  these  vary  according  to  the  part  uf  the  ^usta- 
live  surface  on  which  they  operate ;  mechanical  or  electrical  gtimulation  of 
tbe  fnmt  of  the  tongue  giving  rise  to  a  kind  of  saline  taste,. whilst  mechani- 
cal s^timnlation  applied  to  the  back  of  the  tongue  and  fauces  excites  the 
feelings  of  bitterness  and  nausea. — One  of  the  conditions  requisite  for  the 
due  exercise  of  the  gustative  sense,  is  a  temperature  not  departing  far  ou 
either  side  from  that  which  is  natural  to  the  body.  It  appears  from  the  ex- 
periments of  Prof  E.  H.  Weber/  that  if  the  tongue  be  kept  immersed  for 
nearly  a  minute  in  water  of  about  12-3'^^  the  taste  of  sugar  brought  in  con- 
tact with  it,  either  in  powder  or  solution,  is  no  longer  perceived;  the  sense 
of  touch  J  usually  so  delicate  at  the  tip  of  the  tongnej  l>eing  also  rendered 
I ta perfect.  A  similar  imperfection  of  tiyite  and  touch  was  produced  by  im- 
mersing tbe  tongue  for  the  same  length  of  time  in  a  mixture  of  water  aud 
broken  ice. 

60L  The  surface  of  the  Tongue  h  uodouhtedly  the  special  seat  of  gusta- 
tive  sensibility  in  Man ;  though  tbe  sense  of  Taste  is  not  by  any  meatus  re- 
stricted to  that  organ,  being  diffused  in  a  less  degree  over  the  soft  [lalate, 
the  arches  of  the  palate,  and  the  fauces?.  It  is  on  the  tongue  alone,  however, 
that  the  papillary  apparmus  is  fully  developed  ;  and  its  structure  ha^s  been 
so  carefully  examioed  and  described  by  Messrs.  Todd  and  Bowman.'  that 
little  remain:^  to  be  added  to  their  account  of  it. — The  lingual  yiaptlhc  may 
be  divided,  in  the  first  place,  into  the  Simpk  and  the  Cmnpound,  the  former 
of  which  had  previously  esmpefl  oWrvation^  through  not  forming  any  ap- 
parent projection.  The  Simpfe  pap i Ike  are  scattered  in  the  intervals  of  the 
compound^  over  the  general  surface  of  the  tongue;  and  they  occupy  much 
of  the  snrlace  behind  the  circumvallate  variety,  where  no  compound  papillje 
exist.  They  are  completely  buried  and  concealed  beneath  the  continuous 
sheet  of  epithelium,  and  can  only  be  detectetl  when  this  membrane  has  been 
renioved  by  macemtion ;  they  are  then  found  to  have  the  general  characters 
of  the  cutaneous  papilla?.  The  Compound  pa  pi  Ike  are  visible  to  the  naked 
eye;  and  have  been  classified,  according  to  their  shape,  into  the  clrtitrnvnllnU^ 
tm  Junpfonn^  and  ih^Jilifomu  The  circtmivalhle  or  calyciforni  papillie  are 
'  jht  or  ten  in  number,  and  are  situated  in  a  V-shaped  line  at  the  base  of 
H  tongue.  Each  consists  of  a  central  flattened  circular  projection  of  the 
mucoua  mem bmne,  surrounded  by  a  tumid  ring  of  about  the  same  elevation, 


1  MuUtT's  Archiv,  1847,  f.  342. 

3  Physiological  Anatuuiy  mdcI  Physiology  of  Mun,  vol.  i,  chap.  xv. 
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from  which  it  is  separated  hy  a  narrow  circular  fis.^ure.  The  surface  of  l>oth 
centre  and  border  m  smooth,  and  b  invested  by  scaly  epithelium,  which  con- 
ceals a  multitude  of  simple  papillie.  The  fun^ijorm  pa  pi  1  lie,  varying  in 
number  from  160  to  290**  are  scattered  singly  over  the 
tongue,  chiefly  upon  its  sides  and  tip.  They  project 
considerably  from  the  surface,  and  are  usually  uarrower 
at  their  base  than  at  their  summiL  They  contain  a 
complex  capillary  plexus  (Fig.  248),  the  terminal  loopB 
of  which  euter  the  numerous  sim|>lepapi[he  that  cloihe 
the  surface  of  the  fungiform  body.  Amidst  the&e  lie 
nerve-tub^,  which  probably  terminate  in  free  extremi- 
ties between  the  epithelial  cells,  the  epithelium  itself 
being  so  thin  as  to  allow  the  red  color  of  the  blood  to 
be  seen  through  it.  Id  this  manner  they  are  readily 
distinguished  from  the  filiform  papilke,  among  whicli 
they  lie.  The  jiiifarm  papillae,  like  the  preceding,  eoa- 
tain  a  plexus  of  capillaries  and  a  bundle  of  iierv6- 
fibres,  both  terminating  in  loops,  which  eiUer  the  dm- 


C^plllurf     pk'xuB     or 
Airigifurm  {fupllb  of  tbe 


pie  papiUie  that  clothe  the  surface  of  the  eom]M>und 
body;  but  instead  of  being  covered  with  a  thin  scaly  epithelium,  they  are 
furnished  with  bundles  of  long  pointed  proce^es,  some  of  which  appruaeb 
hairs  io  their  stiffness  and  etrueture.  These  are  immersed  in  the  mucus  of 
the  mouth,  and  may  l>e  moved  in  any  direction,  though  they  are  genertiJly 
inclined  backward.*.— The  simple  papillie,  which  occur  in  an  it^ulated  mauner, 
may  not  improbably  be  tactile;  while  thoi*e  which  are  aggregated  in  the 
circumvallate  and  fungiform  bodies,  doubtless  miuister  to  the  sense  of  Taste, 
thi^  being  most  acute  in  the  situations  wherein  they  most  abound.  With 
regard,  however,  to  the  office  of  the  filif<irnj  papiUie,  there  eeems  much  reason 
to  eoirifide  in  the  opinion  of  Sles^srs.  Todd  and  Bowman :  "The  compara- 
tive thickness  of  their  protective  coverings  the  stiffness  and  brushlike  ar- 
rangenieut  of  their  filamentary  productions,  their  greater  development  in 
that  portion  of  the  tJorsum  of  the  tongue  which  is  chiefly  employed  in  the 
movemeuts  of  mastication,  all  evince  tlic  subservience  of  these  pa  pi  Hie  to 
the  latter  function,  rather  than  to  that  of  taste ;  and  it  is  evident  that  their 
isolalion  and  partial  mobility  on  one  another^must  render  the  delicate  touch 
with  which  they  are  endowed  more  available  in  directing  the  muscular  ac- 
tions of  the  organ*  The  almost  manual  dexterity  of  the  orgau,  in  dealtDg 
with  minute  particles  of  food,  is  probably  |)rovided  for,  as  far  as  seuj^ibility 
conduces  to  it,  in  the  structure  and  arrangement  of  these  papilUe.  It  may 
be  added ^  that  the  filiform  papilhe  of  Man  seem  to  be  the  rudimentary 
forms  of  thfx^e  horny  epitiielial  processes  which  acquire  so  great  a  develop- 
ment in  the  tougues  of  the  C'arnivora,  and  which  are  of  ^m^i  importauce  in 
the  abrasion  of  their  food.  The  mo^le  of  terminatiou  of  the  gustatory  nervei 
has  l>een  the  subject  of  much  recent  research.  Eugehaann*  describes  the 
glosso-pharyngeal  nerves  in  Man  atjd  Mammals  as  terminating  in  pe^ulisr 


»  Sz^badrsidv,  Yirebow't  Arehiv,  xxxTirl,  p.  177. 

'  Strieker's  Mauunl  of  HjBtology,  New  Syaenhftm  Society^  1878|  vol.  iii^  p,  I, 
where  a  complete  bibliographv  of  the  »ijbji»ct  is*  civen.  The  prin^ipnl  Knj;lbh  ref- 
erences are  WaUer,  Philosophical  TrRnssjIet.j  1847;  Ltont*!  B«»l&,  idi'm,  18€5,  »nd 
Qanrt.  Journ.  of  Micr<»fccop,  ScLj  1869  ;  mid  R.  L.  Mnddox,  Month.  Mrcrcficop. 
Journal p  1869.  And  ainre  the  dalfi  of  Engdmfinn's  Rrticle^  tb^  following  jm^x^r* 
have  «ppeBr**d  :  Ajlftii  Arohiv  f.  Mtc?.  Anat|  Bd.  vlU^  p  466;  Ditlevpfru  VndvnB- 
g^ I tp,  «U'..  Copenhagen,  1872  r  Abstmol  in  Schwiilbo's  Jnlircfberit'ht,  1872^  rJoaig- 
f<;hmetd,  Zeitieh.  fur  Wiaa.  Eool.,  Bd,  xziii,  p.  414^  S^rtoH,  GazettA  Mcd,*Vfit, 
Anno  ]Vf  Sep.  abd. 
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These  are  fla^k -shaped  bodie 


Fro.  2S4 


Tl^ffi 


organs,  ternied  gustatory  bulbs,  or  tUBte-buds, 
(Fig.  254)^  whieh  are  disposed 
in  a  20 oe  encircling  the  sidea 
of  the  papillse  circumvallatsa 
(Fig.  255)^  a  few  being  also 
found  on  the  outer  wall  of  the 
TalJectilai  or  that  whidi  looks 
towards  the  papllhe*  Schwalbe 
estimated  the  number  present 
in  one  circum vallate  papilla  of 
the  8 beep  at  4H0^  and  in  one 
such  papilla  l>om  tlie  Ox  at 
17B(K  They  are  als^o  found, 
but  more  irregularly  dljitrib- 
uted,  upon  the  fungiform  papil- 
la. The  bulbs  are  composed 
of  groups  of  cells  (Fig.  254), 
which  oecu py  flask-sh  aped  cavi- 
ties ill  the  mucous  membraiie.  The  bottom  of  the  cavity  is  formed  by  the 
fibrous  layer  of  the  mucous  membrane,  its  sides  are  composed  of  cells,  and 
the  sleoder  short  neek  perforates  the  cornea!  lamina,  o[>ening  on  the  surface 
by  a  ^mall  circular  mouth,  which  maybe  called  the  git^^tatorrf  pore.  The 
lengtb  of  the  bulb  is  about  0.080  of  a  millimetre.  The  guslalory  bulbs, 
whif'h  completely  fill  these  spat^^,  arc  composed  of  two  kinds  of  cells. 
Of  the??e  the  outer,  or  invest Imj  cdU  (Fig.  254 \  from  15  to  30  in  nurnberj 
are  fusiform,  have  a  well-defined  nucleus,  and  are  arranged  couueutrically 


Qiin\Al&tj  buItH  from  tbe  iRter&l  guAtatorj  orgnti  of  tb« 
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Fio,  255 ,^Tftin Sterne  vtxtkm  through  a  circvim- 
Talkie  pipiUd  oT  JL  CMt,  showlgg  tfag  arrnogi^itieitt 
of  thii  g natatory  bulbs. 

Fm.  2a€H— Tefminatloti  of  the  gustptory  nerves 
of  the  Proff.  BamlficslloD  of  u  nerr^Qbre  la  ibe 
ni^rvevi?qihlai].  Two  {^ohlet  tTlli  mrs  fteeii^  oufl 
colutntiar,  and  ten  fofketl  efU«,  (Cbromlc  aeid 
Alui  gljcerlD.    Maf .  600  dlam.J 


to  the  surface  in  closely  eomprei^sed  rows*  They  inelot?e  a  group  of  cells 
whteb  are  believed  to  he  the  tme  gmttUory  eeih.  These  are  long  and  thin 
bodies,  with  a  large  vesicular  nneleus,  from  which  a  peripheric  protx^^  runs, 
that  either  ends  by  an  abruptly  truncated  extremity  (rod  or  staff-cell),  or  in 
a  yery  fine  point  (needle-eel lf^\  the  apices  projecting  for  i^ome  distance 
thmugh  the  gustatory  pore.  The  relations  of  these  organei  to  the  gustatory 
nerves  haa  not  been  quite  satbfuctorily  made  out;  but  the  finely  raedullated 
branches  of  the  glosso- pharyngeal  nerve,  containing  small  groups  of  gan- 
glion-cells, ba^e  been  observed  to  form  plexuses  beneath  the  papillae^  from. 
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wliicli  one  or  more  fasciculi  are  given  off,  that  run  up  the  a  si?  of  the  papilla, 
and  tlien  break  up  ioto  uumerou^  fine  branches  which  stream  out  towards 
the  epithelium.  In  tJie  Frog,  cylindrical  papillfe  are  pre^eot,  which  are 
composed  helnw  of  \ooiet  aud  near  their  free  extremity  of  compact,  cnrinec- 
tive  tissue,  forming  a  nef-ve-cu^hion ;  uptm  each  of  these  lies  a  gustatory  disk, 
the  structure  of  which  is  analogous  to  that  of  the  gustatory  bulb,  being  re- 
i^olvubie  into  gohiet  and  eo/ti?rtnar  supporting  or  protecting  celb,  ikud  ffrrkfd 
celb,  which  appear  to  he  the  continuation  of  the  ooo -medulla ted  uervfr-fibre» 
(Frg.  250), 

602,  The  simple  applicatioo  of  a  sapid  substance  to  the  gustative  surface 
is  usjually  sufficient  to  excite  the  sensation  ;  and  if  this  appHcattoa  be  re- 
stricted to  one  particular  ^poti  we  are  able  to  recognize  iLs  place  tnore  or  less 
distinctly.  lu  this  respect,  then,  the  gustative  imprea'sion  re^^erubles  the 
tactile ;  for  whilst  we  cannot  by  our  own  eonsciousoesss,  distiDgul^h  the  parts 
of  the  retina  or  of  the  auditory  apparatus  on  which  vUual  or  auditory  im- 
preK*!lons  are  made,  we  can  make  thi;^  distinction  in  re^rd  to  the  surface 
which  h  supplied  by  the  nervesi'  <»f  general  sense.  From  the  careful  ex- 
periments of  Btich  and  Klaatsch/  *iupporte<l  as  they  are  by  the  re^nlt^  of 
other  observations,  we  are  now  enabled  to  define  with  some  accuracy  the 
exact  sciit  of  the  »cnse  of  taste.  It  exists  over  the  whole  suriace  of  the 
poi?teriot  third  of  the  dorsum  of  the  tongue,  on  the  under  surface  of  the  tip, 
and  in  a  band  or  linej  about  one-quarter  of  au  inch  broad,  running  aJoog 
iti»  edge.     The  i^^nse  is  also  well  defined  iu  the  posterior  part  of  the  hara 

fialate,  and  iu  that  portion  of  the  soft  palate  which  is  near  the  bone^  and 
astly,  in  the  anterior  pillars  of  the  fauces*  The  middle  and  anterior  pirt 
of  the  dorsum,  the  gums,  posterior  pillars  of  the  fauces,  and  the  inner  sur- 
face of  the  lip,  possess  no  senae  of  taste,  though  exquisitely  sen  hi  live  to 
tactile  impressionst  Bitters  and  acids  appear  to  be  the  substances  of  which 
the  dilution  or  attenuation  may  be  carried  to  the  greater  extent,  without 
ceasing  to  excite  sensations  of  taste,  providing  a  sufficient  volume  of  the 
solution  be  introduced  into  the  mouth.  Thns,  according  to  Valeutiu,  ona 
part  of  extract  of  aloes  or  of  sulpliuric  acid  in  900,1)00  of  water,  and  evto 
one  part  of  sulphate  of  quinine  in  1,000,000  of  water,  may  Imj  di^ihiguished 
if  hcedfully  compared  with  perfectly  pure  water.  The  contact  of  a  i^pid 
substance  much  n*ore  readily  excites  a  gustative  sensation,  when  it  h  made 
to  press  ufjon  the  papilIa\or  is  nujved  *>ver  them.  Thus  there  are  some  sub- 
stances whose  tai«te  is  not  perceived  when  they  are  simply  apfdicd  to  the 
central  part  of  the  dorf^um  of  the  tongue,  but  of  whcjse  jjR^ence  we  iin*  at 
once  rendered  cognizant  by  pressing  the  tongue  against  the  roof  of  thts 
mouth.  The  full  flavor  of  a  sapid  substance,  again,  is  mure  readily  per- 
ceived when  it  is  rubbed  on  any  part  of  tlie  tongue,  than  when  it  is  simply 
brought  in  contact  with  it,  or  pr(:*i>sed  against  it.  Even  when  liquids  are  re- 
ceived into  the  mouth,  their  tast^;  is  most  completely  distriminatcd  by  caus- 
ing them  to  move  over  the  gustative  surface:  thus  the  *' wine-taster''  takes 
a  HUiall  quantity  of  the  liquor  into  his  mouth,  carries  It  rapidly  over  every 
part  of  its  lining  membrane,  and  then  ejects  it.  It  is  not  improbable  thml 
this  exaltation  of  the  usual  effects  is  simply  due  to  meehaDical  causes;  thm 
sapid  particles  being  brought  by  the  pressure  or  movement  into  more  mpid 
and  complete  operation  on  the  nerve-fibres,  than  they  would  be  if  simply  ' 
placed  in  contact  with  the  papilla}.  The  rapidity  with  which  sapid  imprt»- 
eions  arc  perceived  has  been  made  the  subject  of  a  seri^  of  experiments  by 
Vintschgau  and  Honlgschmled.^     The  substances  use<i  were  bbulphate  of 


>  ArebiT  f.  Patfa.  Aunt.,  Bd.  xiv«  16^8,  p,  22i>,  and  Bd  xtIII,  p.  80. 
»  Pfluger's  Arcbiv,  1876^  pp,  1-48. 
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qaiDine,  sugar,  common  salt,  and  diluted  phosphoric  acid.  A  small  brush, 
about  one-third  of  an  inch  .square,  was  applied  to  the  surface  of  the  tongue. 
On  being  applied,  an  electrical  current  was  made,  which  was  broken  by  a 
movement  of  the  hand  as  soon  as  the  taste  was  i)erceived.  When  the  tip 
of  the  tongue  was  thus  excited,  the  following  times  were  obtained :  Com- 
mon salt,  0.1598  sec.;  sugar,  0.1639;  phosphoric  acid,  0.1676;  quinine, 
0.2351. 

603.  The  impressions  made  upon  our  consciousness  by  a  large  proportion 
of  sapid  substances  are  of  a  complex  kind  ;  being  in  part  derived  from  their 
odorous  emanations,  of  which  we  take  cognizance  through  the  organ  of 
Bmell.  Of  this  any  one  may  convince  himself  by  cloi<ing  the  nostrils,  and 
inspiring  and  expiring  through  the  mouth  only,  whilst  holding  in  the  mouth, 
or  even  rubbing  between  the  tongue  and  the  palate,  some  aromatic  sub- 
itance;  for  its  taste  is  then  scarcely  recognized,  although  it  is  immediately 
perceived  when  its  effluvia  are  drawn  into  the  nose.  It  is  well  known,  too, 
that  when  the  sensibility  of  the  Schneiderian  membrane  is  blunted  by  in- 
Bammation  (as  in  an  ordinarv '' cold  in  the  head''),  the  power  of  distin- 
guishing flavors  is  very  much  diminished.     In  fact,  some  physiologists  are  of 

aiiniou  that  ail  our  knowledge  of  the  flavor  of  sapid  substances  is  received 
rongh  the  Smell ;  but  this,  as  already  shown,  would  not  be  a  correct  state- 
ment ;  and  there  are  cases  on  record  in  which  the  sense  of  Smell  has  been 
entirely  lost,  without  any  impairment  of  the  true  sense  of  Taste.^ 

604.  Taken  in  its  ordinary  composite  acceptation,  the  sens^e  of  Taste  has 
ibr  its  object  to  direct  us  in  the  choice  of  food,  and  to  excite  the  flow  of  mu- 
ens  and  saliva,  which  are  destined  to  aid  in  the  preparation  of  the  food  for 
Digestion.  Among  the  lower  animals,  the  instinctive  perceptions  connected 
iriUi  this  sense  are  much  more  remarkable  than  our  own ;  thus  an  omnivor- 
ous Monkey  will  seldom  touch  fruits  of  a  poisonous  character,  although  their 
taste  maybe  agreeable;  and  animals  whose  diet  is  restricted  to  some  one 
kind  of  food  will  decidedly  reject  all  others.  As  a  general  rule  it  may  be 
itated,  that  substances  of  which  the  taste  is  agreeable  to  us  are  useful  in  our 
DOtritton,  and  vice  versd;*  but  there  are  many  signal  exceptions  to  this. — Like 


*  An  interesting  case  of  tliis  kind,  occurring  in  a  Negro  who  had  gradually  lost  the 
sharacUTistic  hue  of  his  skin,  and  had  acquired  thn  fair  complexion  of  a  European, 
ba*!  be*fn  put  on  r»»cord  by  Dr.  J.  C.  Hutchinson. — The  Olfactory  nerve  seenu'd  to  bo 
entirtfly  paralyzf^d,  whilst  the  branches  of  the  Fifth  Pair  retained  their  integrity  ;  so 
that,  whilst  the  proper  sense  of  Smell  was  entirely  lost,  a  puniront  burnini^  sensation 
Was  excited  by  irritatini;  vapors,  and  the  application  of  snuff  induced  sneezinii:.  Not- 
withstanding this  deficiency,  the  sense  of  Taste,  properly  so  called,  did  n«»t  seem  to  be 
Impaired  ;  for  substances  which  possessed  neither  odor  nor  pungency  could  readily  bo 
dicer i mi nn ted,  even  though  tbjir  tastes  were  not  widely  different.  (See  Anier.  Journ. 
of  Med.  Sci..  Jan.  180*2  ) 

■  It  is  justly  remarked  by  Sir  H.  Holland  (Medical  Notes  and  Reflections,  p.  85) 
that,  "In  the  miijority  of  instances  of  actual  illness,  provided  the  real  feelings  of 
the  patient  can  be  certainly  ascertained,  his  de-ires  as  to  food  and  drink  may  be  safely 
complit'd  with.  But  undoubt«*dly  much  care  is  needful  that  we  be  not  deceived  as  to 
the  state  of  the  appetite,  by  what  is  merely  habit  or  wrong  impression  on  the  part  of 
the  patient,  or  the  effect  of  the  solicitation  of  others.  This  class  of  sensations  is  more 
nurtured  out  of  the  course  of  nature,  than  are  those  which  relate  to  the  temperature 
of  the  K»dy.  The  mind  becomes  much  more  deeply  engaged  with  them  ;  and  though 
In  acute  ilinp.«s  they  are  c^enerally  submitted  attain  to  the  natural  law,  there  are  many 
letter  cases  where  enough  remains  of  the  leaven  of  habit  to  render  every  precaution 
needful.  With  such  precautions,  however,  which  every  physician  who  can  tako 
ichcfoling  from  experience  will  employ,  the  stomach  of  the  i)atient  becomes  a  valua- 
We  guide;  whether  it  dictate  abstinence  from  a  recurrence  of  food  ;  whether  much  or 
little  in  quantity;  whether  what  is  solid  or  liquid;  whether  much  drink  or  little; 
whether  things  warm  or  cold;  whether  sweet,  acid,  or  saline;  whether  bland  or 
•timulating  to  the  taste."     Further,  Sir  H.  Holland  remarks:  **  It  is  not  wholly  para- 


740      OF   THE   ORGANS   OF   TBE   8ENSB3,  AND   THKIR    FUNCtlONS- 

otlier  senses,  that  of  TaMe  in  mmble  of  being  rendered  more  acute  by  edu- 
cation j  and  this  on  the  principles  already  laid  down  in  regard  to  Toueh. 
The  ejtperieneed  wine-taster  can  distinguish  difterenees  in  age,  purity,  place 
of  growth,  etc.,  between  liquors  that  to  ordinary  judgments  are  alike;  and 
the  epicure  can  give  an  exact  determination  of  the  apices  that  are  combined 
in  a  particular  sauee,  or  of  the  manner  in  which  the  animal  on  wliose  fl**ili 
be  15  feeding  was  killed.  As  in  the  case  of  other  senses,  moreover^  impres- 
Bions  made  upon  the  sensory  surface  remain  there  for  a  certain  perioil ;  and 
this  period  is  for  the  most  part  longer  than  that  which  is  required  for  the 
departure  of  the  impressions  made  upon  the  eye,  the  ear,  or  the  (jn^^au  of 
smelL  Every  one  knov^a  how  long  the  taste  of  some  powerful  sub^smnrea 
remains  in  the  mouth ;  and  even  of  those  which  make  less  decided  imprei^ 
aious,  the  seuijutions  remain  to  such  a  degree  that  it  is  difficult  to  compare 
them  at  abort  intervals.  Hence  if  a  person  be  blindfolded,  and  be  mnde  to 
taste  substances  of  distinct,  but  not  widely-different  flavors  (such  as  %'arjous 
kinds  of  wine  or  spiritnons  liquors),  one  after  another  in  rapid  succejs^ion,  he 
soon  loses  the  power  of  diacriminating  between  them*  In  the  same  manner, 
the  difficnlty  of  administering  very  disagreeable  medicines  may  be  sometime! 
got  over,  by  either  previously  giving  a  powerful  aromatic,  or  by  combining 
the  aromatic  with  the  medicine;  h^  strong  impression  in  both  eaaes  prevent- 
ing the  unpleaiiant  taste  from  exciting  nausea. 


4.  Seme  of  SriielL 

605,  The  Is^asal  passages  may  be  considered  as  having,  in  air-breath mg 
Vertebrata,  two  distinct  offices ;  for  they  constitute  the  portal  of  llie  Respira- 
tory organs,  and  have  for  their  office  to  take  eognizauce  of  the  arritorm 
matter  as  U  enters  them,  and  to  give  warning  of  that  which  wouUl  be  in- 
jurious (this  being  effi^c.-ted  by  the  instrumentality  of  the  Fiflh  pair),  which 
receives  the  imprea^ions  of  gaseous  irritants,  and  excites  the  act  of  snees^ing 
to  expel  them;  whilst  tliey  also  contain  the  organ  of  Smell,  which  is  formed 
by  the  distribution,  over  a  certain  part  of  their  membranous  wall,  of  the 
Vljavinry  nerve,  which  is  susceptible  of  being  impressed  by  Odorous  emanA- 
tiuns.  Of  the  nature  of  these  emanations  the  Physical  Philosopher  is  so 
completely  ignorant,  that  the  Physiologist  cannot  be  expected  tu  giii'e  a 
definite  account  of  the  mude  in  which  they  produce  sensory  imprestiions. 
Althfuigh  it  may  be  surmised  that  they  consist  of  particles  of  exireni^ 
njinuteness,  dissolved  as  it  were  in  the  air,  and  although  this  idea  seems  to 
derive  confirmation  from  the  fact  that  most  odorous  substances  are  volatile, 
and  vice  rtTsd, — yet  the  most  delicate  experiments  have  failed  to  discover 
any  diminution  in  we^ht,  in  certain  substances  (as  musk)  that  have  been 
impregnating  a  large  quantity  of  air  with  their  effluvia  for  several  Sf^nx 
whilst  there  are  simie  volatile  fluids,  such  as  water,  which  to  Man  are  entWly 


doxiciil  to  &(iy  tliAi  we  are  nuthoHsfKi  to  give  greatej^t  heed  to  the  ftoniRch,  wh^n  ll 
luggc^ts  ^ome  ie^ming  extrnYAgftnce  of  diet.  It  m%j  be  iiLid  tliat  this  is  a  tm^t^  d^rp- 
rivalion  of  the  epoae  of  tft»t<*;  but  frequently  It  expr-efrs*"*  in  Actual  no^d  of  Uie  At^ro^ 
achf  either  in  aid  ef  iu  own  funetioo^T  nr  indiroetly  (under  the  myitcriuu^  Ihw  juit 
referred  to)  for  the  <*fre<ding  of  ch angles  in  the  whok  intiRs  of  bltrod,  li  \%  Ji  ij^Hxl 
practjoftl  rule  in  such  pr*p^  in  withhold  asi^eiit,  till  w*i  find  after  a  c*>rt«Tn  litfH»«  of 
time  thnt  the  same  dt^lre  conu'nuea  or  strongly  recur*;  in  which  case  it  miiy  |;vfinr* 
ftUy  be  taken  he  the  indox  of  the  fitncg«  of  iha'thinK  desired  for  the  actual  bI^i'ip  t>f  the 
orgHii^.  In  the  early  stage  of  rwovery  from  long  gastric  fevers,  I  rt^eollcct  miifty 
curi^uR  iijBtiincej  of  auch  contrariety  to  all  rule  being  aequtefoud  in,  with  manifi^it 
good  to  the  putient*  Dictetioi  mua  bc<'Oivie  a  much  more  exnct  bninch  fil  knowU^Jj^^ 
before  we  ean  be  justified  in  opposing  its  maxims  lo  the  natural  and  repi^atcHl  fPgg«- 
tlQm  of  the  itomachr  in  the  state  either  of  health  or  difeaia.*' 
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iDodorniis.  Nearly  all  the  vegetable  o^lori^  belong  to  one  or  other  of  three 
categories^ — namely,  hvfJroearboDs,  aldehydes,  or  ethera.  Many  of  them  are 
capable  af  being  artificially  formed,  and  they  present  good  examples  of 
IsotDeri^m.  Thus  the  ejstences  of  turpentine,  citroo,  bergaroot,  neroli,  juni- 
per, gavin,  laveuder,  cubebs,  peppermint^  and  cloves,  all  have  the  same  com- 
}iddlionf  Cj^Hjs*  Amongst  the  odorifemna  eisencea  that  are  ranged  by 
chemists  in  the  class  of  aldehydes  are  those  of  mint,  rue,  bitter  almonds, 
cummin,  anise,  fennel,  cane t la,  and  meadow  sweet.  The  ethers  are  very 
varied  and  complex  in  conMitntion,  LiDoseus  arranged  odors  into  seven 
classes:  Aromatic  (laurel  leaves)  j  fragrant  (jasmine);  ambrosial  I  musk); 
alliaceous  (garlic);  fetid  (stinking  goose-foot);  repulsive  (solanacea; ) ;  and 
nauseous  odoi-s.  Such  an  arrangement  is  very  imperfect^  not  including,  for 
example,  such  well-marked  odoi-s  as  those  of  tar  gas.^ 

GOB,  The  tractus  olfactorius  is  exclusively  comptised  of  medullated  nerve- 
fibres*  which  have  a  sheath  of  iSehwann.  it  terminateji  on  each  gide  in  the 
Olfkotory  ganglion,  from  which  the  Olfactory  nerves  pass  down  in  the  form 
of  very  nnmeruua  minute  threads,  which  form  a  plexus  upon  the  eurtace  of 
the  Schneiderian  or  pituitary  membrane  (Fig.  257)* 
The  filamenl^  composing  this  plexus  are  described 
by  Messrs*  Todd  and  Buwman^  as  differing  widely 
in  structure  froni  thu&e  of  the  ordinary  cephalic 
narves ;  they  contain  no  white  sub&tance  of  Schwann, 
are  nucleated  and  finely*granular  in  texture,  aud 
altogether  bear  a  close  restemblance  to  the  gelatinous 
form  of  nerve-fibres  (Fig.  257),  The  mmle  in  which 
these  nerves  terminate  haa  recently  been  the  subject 
of  close  investigation  by  Hoyer/  Schultae/  Lock- 
hart  Clarke,*  Babuehin,"  Paichutiu,'  Cis^off,^  and 
Martin,"  Their  iiistribuiron  appears  to  be  limited 
to  the  membrane  covering  the  upper  third  of  the 
septum  of  the  nose,  the  superior  turbinated  bone, 
and  fierhap  the  upper  part  of  the  middle  turbinated 
bone;  together  with  the  upper  wall  of  the  nasal 
cavities  beneath  the  crihrilbrm  plate  of  the  ethmoid 
bone ;  all  which  surface  is  covered  (as  Messrs. 
Todd  and  Bowman  have  pointed  out)  with  an  epithelium  of  a  rich  sepia- 
browii  hue,  constituting  the  rcf/lo  oifactorla  of  Bahuchin.  According  to 
Scholtze  these  epithelial  cells  are  divisible  into  two  seti:  one  of  these 
(ay  Fig-  258)  may  be  described  as  terminating  externally  by  truncated  flat 
surfaces  which  cannot  be  observed  to  be  covered  by  any  membrane  separate 
from  the  contents  of  the  celh  The  contents  themselv^es  appear  to  consist  of 
protoplasm,  pre^aenting  a  yellowish  granular  appearance  in  the  outer  part, 
whilst  at  the  lower  part  an  oval  nucleus  lying  in  clear  protoplasm  can  be 
readily  distiugubhed.     Towards  their  attached  extremity  these  cells  become 

»  See  sn  interesting  puper  on  CMor«,  by  F,  Papillon,  in  Pbarinaceut.  Joura.,  No?^ 
16ib,  1872,  p.  88B;  nTso  Lancet,  1870,  p.  Hi* 

*  PhjaiologicRL  Anhtouiv,  vol.  ii,  p*  0. 

»  Hcnlo  nnd  Meiistier's  berlcbt,  1857,  p,  27. 

^  Unteriucbungen  iibcT  den  Buu  der  Niiaeiiflchlelmbaiit,  Halle,  4to. 

*  Efiti.  t  Wwtens.  ZooLj  Bd.  x\.  Fur  an  iibBtriict  of  this  p«p«r,  see  Mcd.*Cbir* 
B«Ticw  for  1862,  voL  i,  p.  621.  Se^s  nlia  Exner,  Stit,  d.  k.  Akad.  eu  Wien^  1870 
«nd  1872*     Einer  denWa  the  distincinesi  of  the  two  forms  t»f  cella  doscHljed  below. 

*  Striekftr's  Humnn  and  Comp.  Hialologyi  Syd.  Soc.  Trans,,  1S7;J,  p.  201,  yol.  iii. 
^  L-eipaiwtfr  Pbysiol.  Arl^>citenj  1873,  p.  41. 

*  Ct'ntrJblatt  fur  dte  Mfd*  WtsaenscbRaen,  1874,  p.  689. 

*  Journ.  of  An«L  and  Phyaiab,  vol  viii,  1874^  p,  89* 
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attentiated,  and  can  be  traced  inwards  for  a  a>nsiderable  di&tanee,  wbeti 
they  exf>and  into  a  broad  fliit  sheet  or  plate,  which,  whiUt  it  frcqueutly  pre- 
sents a  granular  appearance,  is  never  colored.  The  pnice^es  which  ptii^  aft 
from  this  sheet  appear  to  be  con  tin  nous  with  the  fihres  of  the  subuiucom 
connective  tissue.  Towards  the  margin  of  the  true  olfactory  region,  cells 
{e,  Fig.  258)  in  every  respect  analogone  to  those  jnst  described  are  faund, 
excepting  only  that  they  present  a  well-detiuerl 
band  or  seam'  at  their  free  extremity,  whicli  is 
surmounted  by  a  circle  of  cilia.— The  cellos  of  the 
second  Bet  (^,  Fig,  25B)  have  been  described  by 
Schultze  and  Babuchin  as  cootin^mtions  of  the 
nerves,  and  have  hence  been  termed  by  them 
**  Olfactory  cells."  They  are  thin,  fibrous** or  rod- 
like  bodies,  termiDating  at  the  same  level  as  the 
proper  epithelial  cells  in  a  leash  of  long  fine  cilia 
(Babuchin  1,  and  presenting  when  traceil  iuwardi 
a  large  oval  nucleus  and  a  peries  of  moniliform  or 
varicose  swellings  which  are  directly  eouiiuuou* 
with  outrunners  of  more  deeply-seated  nerve^cellsi 
Closely  analogous  appearances  have  been  seen  and 
described  bv  Lockhart  Cbrke^  who  states  that  the 
Olfactory  K^erve-libres  on  reaching  the  ba^e  of  the 
epithelial  layer  divide  into  finer  and  t^till  finer 
branches,  to  form  a  network  with  nnmerous  in- 
terspersed nuclei,  through  which  they  are  pmba- 
blj  connected  with  the  **  Olfactory  cells  **  if, 
Fig*  258 )t  although  he  has  never  been  able  satis- 
factorily to  couvince  himiielf  of  such  connection. 
The  proper  epithelial  cylinders  (<  e)  are  coi|- 
nected  at  their  hmm  with  the  septa  formed  ofj 
connective  tissue  belonging  to  the  snbcpilhelial 
glandular  layer.— The  remainder  of  the  na.*al  .surface  is  supplied  by  the 
Fifth  pair  only,  and  is  not  endowed  with  sensibility  to  odors,  although  it  is 
susccfUible  of  irritation  from  such  as  are  of  a  nuugeot  nature;  and  hence  il 
is  tliat  we  cannot  dbtinguish  faint  odors,  unlese,  by  a  peculiar  inspii-atorf 
etfort,  we  draw  the  air  charged  with  them  to  the  upper  part  of  the  Ui-jse,  lol 
animals  living  in  the  air,  it  is  a  necessary  condition  of  the  exerei^  of  thd  j 
sense  of  Smell,  that  the  odorous  matter  should  be  transmitted  by  a  respi- 
ratory current  through  the  nostrils,  and  that  the  membrane  lining  tli«^ 
should  be  in  a  moist  state.  Hence,  by  breathing  through  the  Tnt>uth,  w# 
may  avoid  being  aifected  by  odora  even  of  the  strong^t  and  most  dimgn?e-l 
able  kind ;  and  in  the  first  state  of  a  catarrh,  when  the  ordinary  mucous  secrc-J 
tion  is  suspended,  the  sense  of  8raell  is  blunterl  from  this  cause,  a^  it  after*  [ 
wan  is  is  from  the  excess  in  the  quantity  of  the  fluid,  which  prevents  thdl 
odoriierous  effluvia  from  comiug  into  immediate  relation  with  tbr  seimiry  [ 
extremities  of  the  nerves.  Hence  we  may  easily  comprehend  how  tiet-tioii 
of  the  Fifth  pair,  which  exerts  a  considerable  influence  over  the  secretions, 
will  greatly  diminish  the  aculeness  of  this  sense,  and  will  have  the  further 
effect  of  preventing  the  reception  of  any  impressions  of  irritation  from  acrid 
Tapors,  which  are  entirely  different  in  their  character  from  true  odorous  im- 1 
pressioni?,  and  are  not  transmitted  through  the  Olfactory  nerve  (§  515), 

60T.  Tlie  importance  of  the  sen?e  of  Smell  among  many  of  the  lower  Ani- 
mals, in  guiding  them  to  their  food,  or  in  giving  them  warning  t>f  danger, 
and  also  m  exciting  the  sexual  feelings,  is  well  known.  To  Man  ii«  utility 
is  comparatively  small  under  ordinary  circumstances ;  but  it  ^ay  be  gtmtij 


Cc'lli  flf  the  01  Factory  Mucoua 
Hembtine  t  a,  6+  f,  after  ^TiaLtKv  * 
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increased  when  other  senses  an?  deficient.  Thus^  in  the  well-known  case 
of  Jamea  Mitfhelj,  who  was  blind,  deaf  and  dutob,  fruin  his  birth,  it  was 
the  principal  mean  si  of  distinguishing  persons,  and  enabled  him  at  once 
to  perceive  the  entrance  of  a  stranger.  It  is  recorded  that  a  blind  gentle- 
man,  who  had  au  aotipathjr  to  cats^was  possessed  of  a  sensibtUty  m  acute  in 
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DIstflbiitloiJ  of  ihe  Olfjif tory  KerTo  on  the  Septum  Nual.  The  niarrfl  hAre  lx*<>ii  dlvtilfd  hj- «  longi- 
tudlniil  KCtloti  tHJsde  Itmnedidtolf  to  the  iefl  «f  Ihe  Bt-ptum,  ibe  rigbl  narfs  bi^Jiiii*  pre^^rvetl  eDtlra.— 
1,  Ttie  fro  oral  si  this.  2.  The  iiu»l  bone.  3.  Tha  crist*  ^Ul  procen  of  tha  ethtuoW  bont.  4.  Tli?  iphe- 
DoidAl  ntnut  of  Uie  Left  ^tde.  5.  Tfae  »t1i  turrlrn,  A  The  buflar  proems  of  tbe  ephenolitl&l  und  occfpltal 
boQ^i,  7.  The  pfjsturlof  op^otnii!  of  ibe  right  nftrw.  9.  The  opening  ©f  the  EoMAchlftii  lube  in  tbt?  tipper 
part  af  the  pharjnjt.  9.  The  soft  palatu,  dUlded  thmugh  Un  middle.  10.  Cut  lurfaee  of  the  hard  p&lAte, 
a.  The  olfaclwry  pedtinde  tt.  Its  three  roots  of  o rig Iik  d.  Olfattorj  gaaglloo,  from  which  the  Glnfiientti 
praceod  that  apn-jui  otit  in  the  8u*»Uiic*  of  the  piluJUrr  membriine.  d.  The  nasal  ner va^  i  hrAfich  of 
the  ophthaJoilii!  oervp.dnct^udliig  Into  the  left  nares  from  t\%v  anterior  foraiiien  #f  tb*  eHbriforni  pliite, 
And  dividing  Luto  Kb  etliirnat  and  tiitiirtia]  brnncb.  e,  Tlie  n£uo-pti1at  ine  nt^rve,  a  branch  of  the  Ei^^heno- 
palatlne  t^nglion^  dittribut^ng  twtgft  to  the  mucoui  mc^mbraae  of  tbeMptum  niul  In  lU  eonrwo  to  (/) 
the  antiMlor  fial'AiIrit'  ruraraen,  where  it  forms  a  srnan  gangLlform  awellltig  (t'toquet's  ganglion)  by  Ita 
union  with  it»  Tellow  of  the  oppos^ite  iide.  ^.  Mrmachca  of  tb«  naao-pftlatliie  nt^rre  to  the  piUat^^.  k,  Pos* 
terior  palatine  nerrea.    l^  L  The  leptum  tmal. 

this  respect,  that  he  perceived  the  proximity  of  one  that  had  beeti  accident- 
ally shut  up  in  a  closet  adjoining  his  room.  Among  lavage  tribes,  whose 
iensea  are  more  cultivateii  than  those  of  civiUied  nations,  more  direct  use 
being  made  of  the  powers  of  observation,  the  scent  is  almost  as  acute  as  in  the 
lower  Mammalia:  thus  it  is  asserted  by  Humholdt»  that  the  Peruvian  In- 
dia»s  in  the  middle  of  the  night  c^in  distinguish  the  different  races,  whether 
European,  Ainericau  Indian,  or  Negro;  and  the  Arabs  of  the  Great  Desert 
are  isaid  to  be  able  to  disttnguish  the  smell  of  a  fire  thirty  milej  off. — The 
quantity  of  pome  oilon)U3  bodies  which  is  capable  of  exciting  a  distinct  per- 
ception of  smell,  must  in  some  iostaiices  be  exceedingly  small*  A  very 
minute  trace  of  aulphuretted  hydrogen  is  readily  reeoguized,  and  according 
to  Valentin,  one  part  of  bromine  in  200,000  of  air  communicates  an  un- 
pleasant otior  to  the  latter,  whilst  in  the  case  of  musk  a  proportion  not 
greater  than  one  part  in  J3,000,rX)0  of  air  is  still  perceptible. — The  agree- 
able or  disagrecabfe  character  assigned  to  particular  odors,  is  by  no  means 
constant  amongst  different  individuals.  Just  as  many  of  the  h>wer  animals 
pass  their  whole  lives  in  the  midst  of  odora  that  are  to  Man  (in  hi^  civilized 
condition  at  least)  io  the  highest  degree  revolting,  and  will  even  refu^  t^ 
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toiicli  food  unti!  it  is  far  arlvaticed  in  putridity,  m  do  we  find  that  men  wbo 
are  compelled  by  circumstances  to  live  upon  putrescent  food,  come  nt  last  to 
relish  it  most  when  it  is  furthest  advanced  hi  decomposition  (§  71);  and  the 
nick'^t  refined  epicures  among  highly  civilized  coiiini unities  scera  to  find  pleas- 
ure  in  similar  odors  and  savors,  which  to  ordinary  tastes  are  anything  but 
agreeable*— As  to  the  length  of  time  during  which  impressions  made  upon 
the  organ  of  Smell  remain  upon  it,  no  certain  knowledge  can  be  obtained. 
It  is  difficult  to  say  when  the  effluvia  themselves  have  been  completely  re- 
moved from  the  nasal  j:iassages,^ince  it  is  not  unlikely  that  the  odorous  j)ar- 
ticles  (supposing  such  to  exis^  are  absorbed  or  dissolved  by  the  mueoos 
secretion  ;  it  is  probably  in  this  nmnucr  that  we  may  account  for  the  fact, 
well  known  to  every  medical  man,  that  the  cadaverous  odor  is  frequeoUy 
experienced  for  many  days  after  a  post-mortem  examination  J 

5,  ^nse  of  Vim^n. 

608,  The  objects  of  this  sense  are  bodies  from  which  Light  proceeds  either 
because  they  are  luminous  in  themselves,  or  because  theYretlect  the  lig^ht 
that  proceeds  from  other  bodies.  Whether  this  light  is  transmitted  by  the 
ac^al  eifilasion  of  luminous  particles,  or  by  the  propagation  of  uudnhitimiB 
analogous  to  those  of  sound,  is  a  question  that  has  been  long  keetdy  debated 
amongst  Natural  Philc^ophers ;  hut  it  is  of  little  consequence  to  the  Phymol- 
ogist  whwh  is  the  true  solution^  since  he  is  only  concerned  with  the  laws  ac- 
cording to  which  the  transmission  takes  place*  which  are  the  same  on  both 
theories.     These  laws  it  may  be  desirable  here  briefly  to  recapitulate* 

W)9,  Every  point  of  a  luminous  body  sends  ofi'  a  number  of  rays,  which 
diverge  in  every  direction,  so  m  to  ibrm  (as  it  were)  a  cone,  of  which  the 
Inrainous  point  is  the  ajjex.  8o  long  m>  these  rays  pass  through  a  medinin  I 
of  the  same  densityi  they  proceed  in  stmight  lines;  but  if  they  cuter  a 
tiled  iuni  of  diflerent  density,  they  are  refracted  or  bent, — towardff  the  ptTpen- 
dicular  to  the  5?urface  at  tfie  point  at  which  they  enter,  if  thev  pass  from  & 
rarer  into  a  denser  medium, — and  from  the  i>erpendifular,  when  they  pam 
from  a  denser  medium  into  a  rarer*  It  is  easily  shown  to  be  a  result  of 
thi.«i  law,  that,  when  parallel  mys  pacing  thnrngh  air  fall  upon  a  convex 
surface  of  glass,  they  will  be  made  to  converge;  so  as  to  meet  at  the  oppo- 
site extremity  of  the  diameter  of  the  circle,  of  which  the  curve  forms  jiart, 
If^  instead  of  continuing  in  the  gla^,  they  jmss  out  again,  through  a  second 
convex  snrface,  of  which  the  direction  is  the  reverse  of  the  firet,  they  will  be 
made  to  converge  still  more,  so  as  to  meet  in  the  centre  of  curvature.  Rayi 
which  are  not  parallel,  but  which  are  diverging  from  a  focus,  are  likt^wi^e 
marie  to  converge  to  a  point  or  focus;  but  this  point  will  be  more  dintaot 
from  the  lens,  in  proportion  as  the  object  is  nearer  to  it,  and  the  angle  of 
divergence  consequently  greater.  The  rays  diverging  from  the  several  |MiiijU 
of  a  luminous  object,  are  thus  brought  to  corresponding  J)>ci ;  and  the  places  , 
of  all  these  foci  hold  exactly  the  same  relation  to  each  other,  with  that  ijf  the 
points  from  which  the  rays  diverged;  so  that  a  perfect  image  of  the  object  i3 
formed  upon  a  screen  held  in  the  focus  of  the  lens.  This  image,  however, 
will  be  inverted ;  and  its  size,  in  proportion  to  that  of  the  object^  will  de- 
pud  upon  their  respctive  distances  from  the  lens*  If  their  dititaoces  be  tJi« 
same,  their  size  will  also  be  the  same;  if  the  object  be  distant^  and  the  image 
near,  the  latter  will  be  much  the  smaller;  and  vtce  vet4d* 


I  ThU  may  partly  bo  attributed  tiho  to  tba  effluvia  ndheriag  to  the  dfea«.  It  Imi  het^n 
roTCiarkod  that  ^arJt  clotbs  retiin  theAe  more  btrongly  IIihu  tii/hL  For  some  ^tifibk 
ob*crvationjft  on  the  Aen»e  of  smell  in  the  diagnod^  uf  disvu^f^*  «?©  D.  W.  Groni|itt*ii,  in 
the  Birmingham  Medical  Review^  No.  viii»  t>ct.  1B73|  p.  251,  and  No,  Ix,  p.  *M. 
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610.  There  are  two  circumstances,  however,  which  interfere  with  the  per- 
iection  of  an  image  thus  formed  by  a  convex  lens.  The  one  is,  that  if  the 
lens  constitute  a  large  part  of  the  sphere  from  which  it  is  taken,  the  rays 
which  fall  near  its  margin  are  not  brought  to  a  focus  at  the  same  point  with 
those  which  pass  through  its  centre,  but  at  a  point  nearer  the  lens.  This 
difierence,  which  must  obviously  interfere  greatly  with  the  distinctness  of  the 
image,  is  termed  Spherical  Aberration ;  it  may  be  corrected  by  the  combina- 
tion of  two  or  more  lenses,  of  which  the  curvatures  are  calculated  to  balance 
one  another,  in  such  a  manner  that  all  the  rays  shall  be  brought  to  the  same 
ibcus;  or  by  diminishing  the  aperture  of  the  lens  by  means  of  a  stop  or 
diaphragm,  in  such  a  manner  that  only  the  central  part  of  it  shall  be  used. 
The  latter  of  these  methods  is  the  only  one  employed,  where  the  diminution  in 
the  amount  of  light  transmitted  is  not  attended  with  inconvenience.  The 
nearer  the  object  is  to  the  lens  (and  the  greater,  therefore,  the  angle  of  di- 
vergence of  its  rays),  the  greater  will  be  the  spherical  aberration,  and  the 
more  must  the  aperture  of  the  diaphragm  be  reduced  in  order  to  counteract 
it — The  other  circumstance  that  interferes  with  the  distinctness  of  the  image, 
is  the  unequal  refrangibilit^^  of  the  differently  colored  rays  which  together 
make  up  white  or  colorless  light ;  the  violet  being  more  bent  from  their  course 
than  the  blue,  the  blue  more  than  the  yellow,  and  the  yellow  more  than  the 
red ;  the  consequence  of  which  will  be,  that  the  violet  rays  are  brought  to  a 
focus  much  nearer  to  the  lens  than  the  blue,  and  the  blue  nearer  than  the 
red.  If  a  screen  be  held  to  receive  the  image  in  the  focus  of  any  of  the 
rays,  the  others  will  make  themselves  apparent  as  fringes  round  its  margin. 
This  difference  is  termed  Chromatic  Aberration,  It  is  corrected  in  practice, 
by  combining  together  lenses  of  different  substances,  of  which  the  dispersive 

ewer  (that  is,  the  power  of  separating  the  colored  rays)  differs  considerably. 
lis  is  the  case  with  flint  and  crown-glass,  for  instance, — the  dispersive  power 
of  the  former  being  much  greater  than  that  of  the  latter,  whilst  its  refrac- 
tive power  is  nearly  the  same ;  so  that,  if  a  convex  lens  of  crown-glass  be 
united  with  a  concave  of  flint  whose  curvature  is  much  less,  the  dispersion 
of  the  rays  effected  by  the  former  will  be  entirely  counteracted  by  the  latter, 
which  diminishes  in  part  only  its  refractive  power.* 

611.  The  refractive  surfaces  of  the  eye  are  three  in  number,  and  may  be 
remrded  as  spherical,  though  the  cornea  has  been  shown  to  be  slightly  ellip- 
soidal. The  radius  of  the  first  refracting  surface,  which  is  that  of  the  cornea, 
is  about  7.5  mm. ;  of  the  second,  which  is  the  anterior  surface  of  the  lens, 
varies  from  7.8-9  mm. ;  and  of  the  third,  which  is  the  posterior  surface  of 
the  lens,  from  5.3  to  6.9  mm.  The  distances  between  these  are :  from  the 
anterior  surface  of  the  cornea  to  the  anterior  surface  of  the  lens  varies  from 
2.9  to  3.1  mm. ;  the  distance  from  the  anterior  surface  of  the  cornea  to  the 

*  The  inu«t  important  recent  work  on  the  optical  rrlationa  of  the  eye  is  Helmholtz's 
Handbuch  der  Physiologijichen  Optik,  Leipzig,  18G7.  MM.  Hiippel  and  Griinhagon 
have  shown  (Archives  fUrOphthMlmol.,  Bd.  xiv,  p.  219)  that  the  ordinary  pressure 
of  the  contents  of  the  glohe  of  the  eye  in  the  cat  is  sufficient  to  support  a  cohimn  of 
mercury  of  from  2*2-24  mm.  in  height.  When  the  third  nerve  was  irritated  the  pres- 
•are  roee  from  this  average  to  70-90  mm.,  which  was  apparently  due  to  the  contrnc- 
tion  of  the  recti  and  obliquus  superior.  Irritation  of  the  branches  supplying  the 
•phincter  iridis  and  ciliary  muscle  exerted  no  influence.  Kxcitation  of  the  cervical 
■ympatbetic  was  folio wckI  by  a  primary  exaltation  and  a  secondary  diminution  of 
pre»ure.  The  former  effect,  amounting  to  1-0  mm.,  was  probably  due  to  the  contrac- 
tion of  the  orbital  muscle;  the  latter  appeared  to  result  from  contrnetion  of  the  ocu- 
lar vei^selit.  Monniki  (Tonometers  en  Tonomctrie,  Innug.  Dissert.,  Abst.  in  Syd. 
8oc.  Year- Book,  1871-72,  p.  839)  ascortainini  that  the  tension  of  the  eye  varied  within 
rather  wide  limits.  It  is  normal  when  a  pressure  of  loO  to  225  grains  produces  a 
depression  of  J  of  a  millimetre. 

48 
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posterior  surface  of  the  lens,  from  7.1-7.5  mm.  The  thickness  of  the  lens 
therefore  vanes  from  4  to  4.G  mm.  The  di^tnuce  from  the  por>(enor  surljiee 
of  the  lens  (Kuapp)  to  the  retJDa  is  about  13  mm*  The  coefficieui  of  re- 
fraction la  for  the  lens  L455,  and  for  the  vitreous  and  aqueouij  humors  L3366. 
In  order  that  the  cour*e  of  a  ray  of  light  may  be  folio weii  iu  any  system  of 
refractive  media^  it  is  nece^ary  that  the  position  of  the  five  cunJinal  jxiiuta 
should  be  known — namely,  that  of  the  two  prmcipul  poinU^  whieb  are  the 
points  where  the  principal  refracting  ssurfaces  are  cut  by  the  axis;  that  of 
the  two  nodal  pot nU,  or  those  [>oint4*  in  the  nefractive  media  to  which  a  ray 
of  light  19  directed  be  fore ,  and  ap|>ears  to  proceed  fnam,  after  its  refraction ; 
and  lastly^  of  ihe  focal,  or  rather  of  the  two  foctil points^  one  behind  the  lens 
and  the  other  in  front  of  the  cornea*  The  relative  pu&itions  of  these  eardl* 
nal  points  are  m  follows: 

behind  the  anterior  »arfitc«  of  the  coriie^ 


Principiil  point, 
principal  point j 
Nodtti  point, 
Nod»l  point, 
Foctii  p'tint, 
Fovn]  point  I 


2 J  746  mm, 
2  6724 
0.7850 
0.3e02 
14,6470 


in  front  of  the  posterior  eurfnee  of  tb#  letii. 

U  LI  II  ti 

behind  **  '*  *« 

in  front  of  the  anterior  eorneRl  surfftco. 


The  two  principal  jK>ints  thus  lie  at  0.4  mm.  distance  from  one  another, 
nearly  in  the  middle  of  the  anterior  ehamlK?r  of  the  eye.  The  two  tuidal 
points,  also  about  0.4  mm.  from  each  other  iu  the  posterior  part  of  len!5; 
the  second  focal  point  for  parallel  ray^  cl0x«Fe  to  or  in  the  retina.  The  two 
nodal  points  lie  so  close  to  one  another  that  they  may  be  regarded  as  ^in^le» 
and  visual  rays  passing  through  them  as  rectilinear  In  like  manner,  tlie 
two  principal  surfaces  may  be  regarded  as  marked  in  the  spherical  surface, 
h  h  (.Fig.  260),  which  represents  the  refractive  surface  of  the  eye.  Every 
point  of  a  retinal  image  corresponds  to  a  point  of  the  object;  and  if  it  he 
desired  to  determine  which  are  the  corresponding  points  of  the  object  and  of 
the  image,  it  is  only  requisite  to  join  them  by  a  line  passing  throtJgh  the 
united  nodal  point.     The  retinal  images  are  consequently  inverted, 

612.  The  Eye  may  be  regarded  as  an  optical  iu.strument  of  great  per- 
fection, adapted  to  produce  on  the  surface  of  the  Retina,  a  complete  image 
or  picture  of  luminous  objects  brought  before  it;  in  which  the  forms,  colore, 
lights,  and  shades,  etc.,  of  the  object  are  all  accurately  represented.  By  ihe 
ditierent  refractive  powers  of  the  tran-'aparent  media  through  which  the  rayi 
of  light  f)as8,  and  by  the  curvatures  given  to  their  respective  surfaces,  both 
the  Bpherical  and  Chromatic  aberrations  are  corrected  in  a  degree  sndlcient 
for  all  practical  purposes;  so  that,  in  a  well-formed  eye,  the  |>icture  is  quilt 

free  from  ha^ines6  and  from  fal^  col- 
oi^»  The  power  by  which  it  adapti 
itself  to  variations  in  the  distance  of 
the  objectj^so  as  to  form  a  distinct 
image  of  it,  whether  it  be  mx  iuehei^ 
six  yards,  or  six  miles  oil* — is  ex- 
tremely remarkable,  and  cannot  be 
regarded  as  hitherto  completely  ex- 
plained. It  is  obvious  thai,  if  we 
fix  upon  any  distance  a^  that  for 
which  the  eye  is  naturally  adjusted 
(sav  12  or  14  inches,  the  distancif  at 
which  we  ordinarily  read),  the  r*}-* 
proceeding  from  an  object  placw 
nearer  to  the  eye  than  this  would 
not  be  brought  to  focus  upon  lli« 
retina,  but  would  conveTge  towards  a  point  behind  it;  whilst  ois  the  cvn- 


Fw.  2t}n, 


Wpl^fMkM  the  Ej«;  u  il'^  PrtnclpAl  polnia; 
z  I^TfciiifoltiU;  hh,  Priudpiil  refncting  sur* 
Ikce ;  0  »,  Vl*w»l  tslj. 
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trarj,  tW  rays  from  an  object  at  a  greater  distance  would  meet  before  they 
reaeh  the  relina,  and  would  have  again  diverged  from  each  other  when  they 
irapiDge  upon  itj  so  that,  in  either  caee,  vision  wouhl  be  indiistiacL  Now, 
two  methods  of  adaptation  suggest  themselves  to  the  Optician.  Either  he 
may  vary  the  distance  between  the  refracting  surface  and  the  sereea  on 
which  the  image  is  formed^  in  such  a  manner  that  the  latter  shall  always  be 
in  the  focus  of  the  converging  rays ;  or,  the  distance  of  the  screen  remain- 
ing the  same,  he  may  vary  the  convexity  of  his  lens,  in  such  a  mmuner  as 
to  adapt  it  to  the  distance  of  the  object.  The  mode  in  which  this  adapta- 
tion is  effected  in  the  Human  Eye  has  been  carefully  investigated  by  Czer- 
mak,  Helrahoitz,  and  others.  According  to  the  calculattonsi  of  Olber^^  based 
on  the  ascertained  refractive  powers  of  the  media  of  the  eve,  the  differenee 
between  the  focal  distances  of  the  images  of  two  object-s,  llie  one  so  far  off 
that  its  rays  are  parallel,  aud  the  other  at  the  distance  of  only  four  inches 
from  the  eye,  is  about  0J43,  or  one-seventh  of  an  ineh ;  hut*  as  the  usual 
range  of  distinct  vision  does  not  extend  to  objects  brought  within  six  or  seven 
inche*,  the  amount  of  change  required  in  the  relative  places  of  the  refract- 
ing bodies  and  the  relina  would  not  ordinarily  exceed  a  Hue.  It  has  been 
thought  that  this  change  might  be  produced  by  an  alteration  iu  the  con- 
vexity in  the  cornea,  or  by  an  elongation  of  the  globe  of  the  eye  generally, 
or  by  both  methods  in  combination  ;  but  a  strong  c^unter'argnnient  to  these 
opinions  is  derived  from  a  case  which  came  under  the  observation  of  v.  Griife, 
in  which  the  power  of  accommodation  was  preserved,  although  from  paraly- 
sis of  the  Third  Nerve  all  the  ocular  muscles  were  paralyzed,  except  the 
external  rectus  and  the  superior  oblique.  There  is  much  more  ground  for 
the  belief  that  a  change  of  form  and  perhaps  of  jdace  is  effected  in  the  crys- 
talline lens,  by  the  action  of  the  ciliary  muscle  and  the  erectile  tissue  of  the 
ciliary  proct^ses ;  for  not  only  can  it  be  shown  that  the  contraction  of  the 


€^  C^nifrit  s,  SeleroUti;  ¥  c  w,  Vertical  plme  ot  the  Corn<?»;  bc  d,  Axl*  of  (he  Kjt;  t#,  CibbI  of 
SeiaeiDiti ;  ji.  Angle  fbrmcil  by  Ihe  Iri*  and  Corn«*>oi-  njargln  &f  anterior  Chambci' ;  ffi,  Poalliiiu  of  Iria, 
tnd  curvalurt  of  Lc-iu  In  j^n  Eye  CM>iiver§[ed  for  fw^lU(^l  rays,  distant  visiau,  or  nrgaUve  accomiDodft- 
\\on ^  fif  PuBitloD  of  Irtft,  and  curvaturo  of  Iqhj  required  fur  Dear  object*,  or  fur  potiilve  a(M;oiumo- 
datloa. 

ciliary  muscle  would  tend  to  compress  the  lenSi  but  the  fact  that  this  muscle 
is  peculiarly  powerful  in  the  predaceous  Birds,  which  are  distinguished  for 
their  great  range  of  vision,  and  which  have,  in  their  circle  of  osseous  scle- 
rotic plates,  an  unusually  firm  point  of  attachment  f<ir  \t,  is  a  strong  argument 
in  favor  of  this  doctrine.^  Further,  the  almost  entire  loss  of  the  jM>wer  of 
adapting  the  eye  to  distances,  which  is  experieneed  after  the  removal  of  the 
Crystalline  kna  In  the  operation  for  Cataract,  is  a  marked  indicatioti  that 

*  8a©  on  tbi&  subject,  MMsrs*  Todd  t,n4  Bowmmn's  Phpiolagicd  Anntomy,  vqL  ii, 
p.  27;  and  Dr,  Cby  Wnlkce  on  The  Adjuavment  of  the  Eye  tg  DkVftoasivs*^  1^«« 
York,  184*1, 
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change  in  Uie  pla 


%ii  re  of  this  bo<ly  is  the 


I  where- 


1  means ' 
c  precise  changes  which  occur  id 


some 

linary  adaptation  is  eJ 
tile  interior  of  the  Eye  when  it  is  ttccomnKKlateil  far  viewing  neAr  objectA^ 
or  during  pomtive  aecommoduthnt  have  been  deterrainetl  by  Helrobolu'  with 
an  instrument  that  he  baa  termed  an  Ophtbalraometer,  the  priuciple  of 
which  conmists  in  examiniDg  the  reflexion  from  the  various  ocular  media  of 
two  flumes:  alterationg  in  the  relative  position  and  Bgure  of  ihe^se  can  he 
readily  perceived  and  aieasuretl,  furnishing  the  data  for  the  requisite  ealcn- 
latioti!?.  By  iKma  tneau!^  it  has  been  aseertaLned  that  the  essential  alteration 
it  a  change  effected  in  the  figure  of  the  lens  by  muscular  etFort»  which  in* 
creases  its  thickness*  in  the  antero*posterior  djameter,  the  convexity  of  the 
anterior  surface  in  particular  uudergoing  a  considerable  augmeutation  (n^ 
Fig,  260),  and  by  a  forward  movement  approximating  the  cornea ;  whikt 
the  convexity  of  the  posterior  s^urtace  is  but  slightly  modified,  aud  under- 
goes scarcely  any  change  of  place.  The  return  of  the  lens  to  its  original 
figure  after' the' cessation  of  the  e!!)»rt  by  which  it  hatj  been  accommo- 
dated for  near  objects  h  probably  effected  by  lU  own  elasticity,  which  i« 
certainly  very  considerable.  The  other  and  clearly  set^onda ry  changes 
which  have  been  observed  are  a  c^miractiou  of  the  circular  tilires  of  the 
Iris,  making  the  papil  smuller^the  pupillary  edge  of  the  Ins  at  the  same 
time  moving  forwards,  and  the  attached  or  peripheral  edge  {p)  back- 
ward. The  forward  movement  of  the  plane  of  the  ins  amounts,  accord- 
ing to  Knapp,'  to  about  j^th  of  an  inch.  Lastly,  act^rding  to  Becker,' 
the  points  of  the  ciliary  processes  retire  from  the  edge  of  the  lens. — 
The  object  fulfilled  by  the  contraction  of  the  pupil  in  adaptation  of  the  Eye 
for  near  objects,  is  evidently  to  exclude  the  outer  rays  of  the  cone  or  pencil, 
which,  from  the  large  angle  of  their  divergence,  would  fall  so  obliquely  on 
the  convex  surface  of  the  eye  as  to  be  much  aifected  by  the  spherical  aberra- 
tion, aud  thus  to  allow  the  central  rays  only  to  enter  the  eye,  so  aj»  to  pre- 
serve the  clearness  of  the  image ;  the  principle  being  exactly  the  mm^  ai 
that  on  which  the  optician  applies  a  stop  behind  his  lenses,  which  rcduc«i 
their  ajierture  in  proportion  to  the  shortness  of  their  focal  distance.  The 
channel  through  which  this  action  is  effected,  is  evidently  the  same  as  that 
through  which  the  convergence  of  the  eyes  is  produced,  namely,  the  inferior 
branch  of  the  Third  pair  of  nerves ;  to  the  action  of  which,  the  sensatiuild 
received  through  the  retina  seem  to  afford  the  immediate  sttmulti^,  in  the 
same  manner  as  they  do  to  the  ordinary  variation  in  the  diameter  of  the 
pupil  under  the  influenee  of  light;  but  the  voluntary  determination  to  fix 
the  vision  upon  the  object,  is  the  original  source  of  the  action.  That  the 
pre^nce  of  the  Iris  is  not  indispenaable  for  the  f>erformance  of  positive  ac- 
oonimodation,  is  shown  by  the  fact  that,  in  a  patient  from  whom  Grate  re- 
moved the  whole  Iris,  this  faculty  remained  perfect;  and  a  similar  power 
has  been  observed  to  exist  in  casea  of  congenital  absence  of  the  Iris/  Dur- 
ing we^^a^  ire  aecommodation, — in  other  words,  in  viewing  distant  objects,^ — the 
lens  (m)  becomes  flattened,  the  external  margin  of  the  iria  is  brought  for- 


*  A  full  coTiflrmHtlon  t>f  HolrT»lmU»^ii  Btntflinenfcp  with  a  ffood  historieil  r^yml  of 
the  whole  suhjeci,  will  ha  fuuM  in  Prot  Allen  Thom^rin'*  Phenoisiena  and  MeebAii* 
Itm  of  the  Fo€a]  Adjy^iment  of  thf»  Eye  lo  DlMinet  Virion  nt  Different  llUtanr«« 
(pumphlet)*  and  tt  suU  raore  comtilete  oxpo^ition  of  hII  potnU  connected  with  the 
AniitQmy  und  Pbysiolngy  of  the  Eyo  in  Grafe  und  Sdmisch'i  Hiindbucbdef  gfsaium* 
ten  Augt^nheilkunde,  18T4-7u. 

*  Archiv  f.  Uphtbalm**!  ,  Bd.  vi,  AbtheiL  il,  p.  1. 

*  Sm  \m  interetttlng  piip^-r  in  Braun^  Buchck,  and  Sehlager'i  M«dietn,  Jahrb., 
1864,  p.  K 

*  Sm  Dr.  Soelberg  WpIIu'is  fnstructiv*  pRper^  On  the  Faralyilt  of  tha  Muidit  of 
the  Eye,  in  the  OpUthttlmic  H&spUal  BeporU,  vol.  ii,  1859-1S60,  p.  im.  '  "^ 
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ward,  ibe  pupil  dilates  under  the  intluence  of  the  dilatator  papilla,  which  is 

IiotierTated  b^  the  Syra pathetic  nerve,  and  the  tips  of  thecilmry  process^ 
are  Approximated  to  the  margin  of  the  lens.  The  n\ain  iii-^triinient  in  effect- 
iDg  the^  changes  in  the  Eye  ap|>earj»  to  be  the  Ciltanj  Muftek,  the  structure 
and  attach nneuts  of  which  were  firssL  elearly  (lesjcrib^il  by  Mr.  Bowman.  It 
cotiiftists  of  unstriped  muscular  fibre,  partly  armnged  in  a  circular  nianiier, 
the  innermost  fibres  running  parallel  to  the  margin  of  the  Cornea  {d.  Fig* 

t2t>*2),  and  partly  disposed  radially  (a),  the  fibres  of  the  latter  portion  of  the 
muscle  appearing  to  be  connected  at  their  origin  with  the  posterior  elastic 
lamina  of  the  Cornea,  and  external ly  or  posteriorly  being  partly  inserted 
into  the  Iris,  forming  the  pillarss  of  the  Iris  (Li^raentum  pectinatum  i  rid  Is), 
partly  into  the  Sclerotic  bounding  the  canal  of  Bchlemin  (j?,  F'ig.  2GI ),  and 
partly  and  chieflv  into  that  part  of  the  outer  surface  of  the  choroid  tunic, 
ft      which  correspona^  to  the  ciliary  processes.     The  mode  and  effeits  of  the 


■<^ 


\^ 


B«UoD  of  the  CHlBry  Rrg{<>n  of  thp  Eye  in  Mm,  o.  Me  rid  io  ml  muwiitnT  nw^lcuti  of  the  iiiii*4?iihi» 
ctHmHs.  ft.  t>e«por  aeatpd  ndmUDg  faiicktiEL  €,  c,  f.  Annular  pkxiia.  rf.  AnnwJ*r  muscli^  «f  MOHer. 
/  ifii«duUr  Umiii*  Qti  thf^  [HMterloi'  turfapi:^  <if  Irii.  i^.  HuHCubr  pleiLUii  at  %hi  cUinrj  bqrd<:r  of  lbs 
IriL    e.  AjiaiiLar  tfiDdoQ  of  the  muftculua  dllarlji.    A.  Ll^uoeiilura  poctloatutn. 

contraction  of  this  muscle  have  not  been  determined  with  perfect  certainty ; 
some,  m  Brucke,  believing  the  anterior  attachment  to  be  the  origin,  or  fixed 
point,  towards  which  in  contracti<m  the  p>sterior  extremity  m  drawn  ;  others, 
as  Bonders,  that  the  posterior  border  is  the  true  origin  ;  and  others  again,  as 
Helmholtz,  considering  that  both  extremities  are  movable.  According  to 
Cramer,  Dondcra,  H.  Mtiller,  and  others,  the  lens,  when  adapted  for  viewing 
infinitely-distant  objects,  i^  at  rest,  and  it  is  only  when  near  objects  are 
looked  at  that  a  change  is  effected  in  the  figure  and  position  of  the  lens; 
Cramer  attributing  this  effect  especially  to  pressure  exerted  by  the  iris,  and 
H*  Miiller  to  the  ciliary  muscle.  Helm  hoi  tz,  Arlt,  and  Jager  consider  that 
the  lens  is  flattened  in  viewing  distant  objects,  through  the  traction  exerted 
by  an  elastic  membranous  zonula  attached  to  its  edge.  When  the  ciliary 
muscle  contracts,  which  occurs  in  viewing  near  objects,  the  posterior  border 
of  the  zonula  is  drawn  forward,  and  its  ten?iion,  and  therefore  the  flattening 
power  it  exerts  up  in  the  lens,  U  dimiuigbed,  A  third  supposition  has  been 
advanced  by  Henke  and  Langenbeck^  to  the  effect  that  a  muscular  effijrt  is 
required  in  arranging  the  Eye  for  viewing  both  near  and  distant  objects,  the 
former  being  accomplished  through  the  contraction  of  the  circular  fibres,  the 
latter  through  that  of  the  radial  fibres  j*  but  a  strong  argument  against  this 

»  H(*iile  ind  MeU^ner'n  Berjcht,  lSt50,  p,  501, 

*  An  of>jDiim  to  whlrh  Giafe  setrus  flUt»  to  have  bwn  ]od  fr*iTn  a  coinpnpj^oti  of  tho 
pffecti  of  helbd^mna  and  opium  upun  tJut  wh  and  upi*n  lh«  cilitirj  niui^clt*  {m  indi- 
ffttcd  by  the  powor  of  ttceomtnodituon)  respectively.  Bw  aliu  WHrbmont,  Aimnltt* 
d'Uiulislique,  t.  73,  p,  im 
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view  is  derived  from  the  circuniatatice  that  no  fatigue  is  ©xperieiiee<i  from 
prolonged  direction  of  the  Eye  to  diMmit  objects,  whilst  the  employ ineut  of 
the  visual  fmwer  upon  near  objecti  for  some  time  is  accompanied  with  a  iense 
of  eflbrt,  and  is  followed  bj  fatigue.  The  movement  which  effects  the  change 
of  f^>rm  of  the  crystalline  lens,  is  performed  in  obedience  to  Volition,  and  h 
guided  by  sensation  ;  yet  we  are  not  conscious  of  performing  it,  all  that  we 
Will  being  the  rmult:  and  thus  we  have  another  apposite  iJlustratiun  of  tiie 
really  automatic  nature  of  what  are  termed  "  volnniary  moveraenl^"  gener- 
ally (|  540).  The  time  occupied  in  accommwlatin^  the  Eye  for  n^r  objecti 
i§  greater  than  that  required  for  adapting  it  to  view  distant  obji^cts.  Ac- 
cording to  Aby  the  period  occupied  in  changing  the  accommodation  from  17 
to  4^  inches  m  about  2  seconds,  whilst  in  changing  it  from  4i  lo  17  inches 
only  L2  seconds  are  required.  Vierordt,  however,*  states  that  he  waa  able 
to  effect  the  accommodation  from  60  feet  to  4i  inches  in  about  nint*-ientbs 
of  a  second,  and  from  4  J  inchest  to  60  feet  in  about  seven -tenths  of  a  second. 
Differences  in  age,  and  in  amount  of  practice^  are  probably  the  chief  tnuaci 
of  such  variations  in  the  results  of  different  observers ;  accommodatioo  for 
Bear  objects  being  always  accomplished  more  slowly  with  the  advance  of 
yean*.  The  adaptation  of  the  Iris  for  variations  in  the  intensity  of  light  ta 
Btill  slower — In  healthy,  or  as  Douders  terms  them,  "  emmetropic  "  eye§p 
the  limits  of  clear  vision  lie  between  tv?o  points^  the  '*  near-point"  and  the 
' *  fa r* poi  n  t .' *  The  form e r ,  ve ry  n ear  the  eye  i u  i  n fa n cy ,  g rad ual  1  y  recede 
with  advancing  age ;  and  Fellenberg^  has  ?hown,  that  at  10  years  of  iige  ii 
is  2|  inches  distant  from  the  front  of  the  cornea;  at  20  vears  of  age,  -If  in. ; 
at  30,  4  J  in. ;  at  40,  6f  in, ;  at  50.  t2  in, ;  at  <>0.  24  in.;  and  at  TO,  144 
inches.  The  *' far-fK^int"  for  healthy  eyes  is  in  finite  distance,  or  in  other 
word*,  the  refractive  media  of  healthy  eyes  in  a  condition  of  repoee  are 
adapted  to  bring  parallel  rays  to  a  focus  on  the  retina.  The  extent  of  the 
range  of  vision  for  each  eye  is  verv  considerable,  amounting,  acconling  to 
Koru  and  Forster,'  in  the  horizontal  direction,  to  an  arc  of  130'^,  and  in  the 
vertical  to  an  arc  of  110*/    The  actual  rotation  of  the  globe,  or  as  Schuur- 

^  Ht^tik*  and  Mobin<^r^a  BRrii-Ui,  ISATj  p*  5§Tt 

'  Cun.stiiirK  Jnliff^Wricht  for  18^2,  f>.  !57.  «  Ibid.,  p,  157, 

*  ijundiiU  (II  jx*rimPtro  o  hi  fun  npplicaztonp,  Quaglino^s  AttuhL  d^Oiulm**- 
logiit,  <}yimnjoj  \%l2i  ti'ivm  ruther  higher  numlwrs,  tix.,  135**  for  llie  hciniEfpnUl 
mid  120^  for  tilt!  vcTiicrti  hiev;  and  Ui^fhttk^^ff  ( Kincbert  and  Du  Ror»-K€ymMnd  Ar- 
t'biv,  1870,  p.  454}  iind  Ileith  (Griiro  and  Saniisch,  Hundti.  d*^r  Aiigeilhf*nkimde, 
Bd  lii,  1R74,  p.  59)  hiijher  gjill,  iiHmcIy,  in  the  horiicrinUl  meridian,  mtix  Hi*,  niin. 
1117°;  and  in  tti*^  vt*rtien(,  msix.  120°,  fnin.  114^,  Tiio  fieid  of  viMrm  I*  ^mAilft  m 
m^-op(;4  and  rather  Inrger  in  liypfrmetropps  thftn  in  h^alihy  or  ommetrnplc  eywu 
HelniU^^ltz  gives  aa  nv^^rupe  n  urn  hers  derived  from  hh  observnttona  llm  follow)  n^ 
Viittu*  Uf  ibc  vnrying  opiitnl  ^onstrtnt  and  cardlnul  ptiinti.  The  ntiiijbeM,  wher«  not 
otht-rwUe  exprcB^odi  rejiri^^ni  lh«  dUtaace  frona  tho  anterior  surface  of  the  corot^a  in 
millimeLrcftt 

In  »i?euQqiiinn| Alalia 
For  dlsUtii;*.'-     Fur  unr  0<l4«cU. 

Kadiu*  of  cupvnturo  of  cfirnea,  *        .         .        »      S  $  

Kfidiu»  of  furvaturt- of  MnleH<>r  surface  of  Ions,         *  10  6 

Riidina  of  curvHture  of  pj^ttsrior  Furfatie  of  ku9i       »      6  6^5 
Si luiition  of  anterior  surface  uf  tens,          ,        ,        ,       8.6  8  2 

'*         of  posterior, 7,2  7.2 

Focril  di8lynL**t  of  lon^       *         ,        ,         ,         ,         ,  iKWl  88  7«6 

PosU'riof  rot»<fl  di^Uinceoftho  pje,     ....  10.S75  17.7i»6 

Anterior  f*>diil  disUinee  of  th«  eje,     .        *        .        .  H.838  13  274 

Position  of  anterior  foral  point,         *         .         .         ♦  12.U1SI  1L241 

P*tt*itit»n  of  firit  chief  point,       .         i         .         •        .       I-940S  2.0330 

Position  of  ftecoiMl  ehii^fpjint,.        ....      2.$W^  2,491U 
Position  of  flrtt  nodul  pointf      .         *         «         .         .       6-957  B.&\6 

"  second,     ,         , 7.873  6.^74 

*<  pouemr  foc».\  ^Vni,       .        -        ,        .  22.231  20.248 
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man*  terms  it,  the  meao  excursion  of  a  healthy  or  emraetrapic  eje  from  ihe 
central  p^nut  is  inwards  45*^,  outwards  42°,  upwards  34^,  and  downwards  n7°, 

^IH,  When  both  eyes  are  fixed  upon  an  object  their  axes  convert  so  m 
to  meet  it;  and  the  degree  of  convergence  i3,  of  coursep  altered  by  vana- 
ttons  in  the  diBtance  of  the  object ;  since,  when  the  object  is  very  remote,  the 
optic  axes  are  virtually  parallel,  whilst  its  approach  causes  them  to  incline 
toward??  each  other,  and  this  the  more  rapidly  as  the  object  is  brought 
nearer,  the  increase  being  the  greatest  when  it  fias  arrived  within  the  ordi- 
nary distance  of  distinct  vision ♦  Here,  again,  we  liave  an  example  of  the 
automatie  nature  of  vohmtary  actions;  for  the  convergence  of  the  eyts  that 
may  be  produced  by  this  gradual  approximation  of  an  object  on  which  the 
eyesi  are  kept  fixed  by  an  exercise  of  the  Will,  far  exceeds  that  which  most 
individuals  can  induce  by  an  eftbrt  made  directly  for  the  purpose;  and  if, 
when  an  object  ha^  thus  been  gradually  approximated  to  within  a  few  inches^ 
of  the  nose,  the  voluntary  fixatjoa  be  intermitted,  and  the  optic  axes  be 
allowed  to  regain  their  parallensm,  they  eau  seldom  be  brought  to  converge 
again  upon  k,  without  repeating  the  whole  proce^s.^It  has  been  thought, 
frt>m  the  close  accordance  between  the  changes  required  for  the  adaptation 
of  the  eyes  to  distinct  visicm  at  different  distances^and  the  alterations  in  the 
direction  of  the  optic  axes  which  are  refjuired  to  bring  the  two  Qjm  to  bear 
upon  objects  at  varying  degrees  of  proximity  ur  remoteness,  that  the  former 
of  these  movements  is  in  ?ome  degree  dependent  upon  the  latter,  or,  at  any 
rate,  that  the  two  proceed  from  a  common  motor  impulse.  But  that  the 
convergence  of  the  axes  is  not  itself  in  any  way  the  occasion  of  the  altera- 
tion of  the  focus  of  the  eye,  is  shown  by  these  two  facts:  first,  that  the  adap- 
tation is  as  perfect  in  a  penson  who  only  possesses  or  usej  one  eye,  as  it  is 
when  both  are  employed  *  and  second,  that  some  persons  pi:>s?e^  the  power 
of  altering  the  focus  of  the  eyes  by  an  effort  of  the  will,  whilj^t  the  converg- 
ence remains  the  same, 

614.  The  ordinary  forms  of  defective  vision,  which  are  known  under  the 
iiamc5  of  Mtppia  and  Ht/permdropia,  or  "shortsightedness"  and  "long- 
sightedness/' are  entirely  attributable  to  defects  in  the  optical  adaptation 
of  the  eye.  As  already  stated,  the  healthy,  or  emmfiroph  Eye,  when  at  per- 
fect rest,  is  adapted  to  focus  parallel  rays  on  the  retina  (A,  Fig,  26S).  If, 
however,  a  near  object  be  looked  at,  since  the  rays  proceeding  from  it  are 
divergent^  it  is  obvious  that  without  some  change  in  the  media  the  image, 
instead  of  being  focussed  on  the  retina,  would  be  focussed  behind  it.  The 
Eve,  however,  by  its  power  of  accommodation,  due  to  the  action  of  the 
ciliary  must*le  in  causing  the  lens  to  become  thicker,  is  capahle  of  effecting 
thi^  alteration ;  and  it  is  by  an  effort  that  increases  with  the  proximity  of 
the  object  that  all  near  objects  are  seen.  In  Hyperraetropia  (c)i  or  long- 
sighted ne^,  either  the  Eye  a^?  a  whole  is  flattened  from  before  backwards*, 
or  the  lens  is  U)o  flat, or  both  conditions  maybe  present  together.  In  either 
C4ise,  even  parallel  rays  are  not  brought  to  a  focus  on  the  retina,  much  less 
divergent  rays,  such  as  those  coming  from  near  objects.  It  requires,  in  fact» 
muscular  effort  to  bring  parallel  rays  to  a  focus  on  the  retina,  and  a  very 
great  effort,  which  cannot  long  be  maintained,  to  bring  divergent  rays.  The 
patient  consequently  complains  of  pain  after  a  few  minutes'  reading  or  writ- 
ing. To  remedy  this  state  the  eyes  are  placed  in  a  passive  state  by  the  in- 
stillation of  atropia;  the  strongest  glass  Is  then  given,  which  produces  dis- 
tinct vision  of  distant  objects  (objects  at  20  feet  or  more),  or,  in  other  words, 
which  will  focus  parallel  rays  on  the  retina.  In  Myopia  (d)  either  the  Eye 
is  toQ  long  in  the  antero-posterior  direction,  or  the  lens  is  too  thick^  or  both 
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condiuous  coDcur,  aod  pirallel  raya  sinking  tbe  eoiueu  iire  brought  to  m 
focus  in  front  of  the  retiua.and  after  decussating  form  a  circle  of  dispejsion 
on  this  membrane.    All  distant  objects,  therefore,  are  seen  ob&curely.    On 

Fio.  2«3. 


£iu[ntitn>pic  Efe.    P^nllel  njM  fnciiA}«d  db  the  i«ttiia. 


Emmet  ro|i[e  Kyu.    The  dotled  lliie«  eJiawiBf  how  aiseoinmcMABtloQ  Ihr  Ihe  dJveqitbg  njs  of  aesr 

*^the  other  hand,  the  patient  can  see  objects  cloae  in  hia  eye,  because  the  ny% 
are  there  highly  divergent*  This  condition  may  be  reroedied  by  placing  a 
concave  Ions  in  front  of  the  eye,  which  causes  the  rays  of  light  to  become 
divergent,  and  they  are  oot^  therefore^  brought  to  a  focus  so  bqou  in  the  in* 


Hxp^mi^triijjlc  Ejflt 


Bf  f «pi«  Ejre, 

tenor  of  the  eye.  An  interesting  experimetitj  capable  of  a  practical  appli- 
cation io  determining  whether  a  given  eye  is  normal  or  ametropie,  aud 
whether  the  ametropia  is  myopic  or  hypermetropic^  is  that  known  m  8chei- 
ner*3  experiment  (Fig,  2^5);  in  this  a  card  or  thin  piece  of  metal ^  perfomtod 
with  I  wo  small  holes,  the  distance  between  whicn  rnu^t  be  less  thmn  tb« 
diameter  of  the  pupil,  is  pi  a  ceil  before  the  eye.  If  the  eyes  be  normal,  l^o 
circles  of  light  wiU  be  seen,  which  overlap  one  another  to  a  certain  extent, 
and  in  this  brighter  part  alt  objects  appear  single,  because  the  rays  ar* 
united  upon  the  retina  at  e.  If,  however,  the  axis  of  the  eye  be  too  long,  as 
in  Myopia,  and  the  letiua  be  at  p  ^,  the  raya  will  have  crossed,  and  dotible 
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images  will  be  seen  in  the  central  part  of  the  field  of  vision ;  whilst  if  the 
%xIb  of  the  eye  be  too  short,  as  in  Hypermetropia,  the  rays  will  not  have 
unitedy  and  double  images  will  also  be  seen.  By  placing  a  piece  of  red  or 
B^reen  glass  over  one  of  the  holes,  as  at  ^,  it  is  easy  to  determine  whether  the 
my  passing  through  that  hole  has  or  has  not  crossed.^  The  terra  "  pres- 
byopia," as  limited  by  Donders,  simply  expresses  a  deficient  power  of  ao- 
Dommodation  in  the  eye,  resulting  from  increased  density  of  the  lens,  or 
from  defective  power  of  the  ciliary  muscle, so  that  the  "  near-point"  recedes 
beyond  a  certain  point,  arbitrarily  fixed  by  Donders  for  the  sake  of  conve- 
Dience  at  eight  inches.  The  effects  of  atropin  upon  the  eye  are  very  re- 
markable, not  only  in  dilating  the  pupil  to  the  utmost  in  the  course  of  from 
twenty  to  twenty-five  minutes,  but  in  completely  paralyzing  the  power  of 
accommodation, so  that  the  "near-point"  becomes  gradually  more  and  more 
distant,  till  at  length  it  coincides  with  the  ''  far-point."  The  Calabar  bean, 
on  the  contrary,  causes  extreme  contraction  of  the  pupil  in  the  course  of 
from  thirty  to  forty  minutes,  the  "  far-point,"  and  in  many  eyes  the  "  near- 
point"  also,  becommg  approximated  to  the  eye,  though  the  power  of  accom- 
modation is  never  altogether  lost.  Both  of  these  agents  appear  to  exert  a 
stimulating  as  well  as  a  paralyzing  influence  on  the  nerves  supplied  to  the 
Iris ;  atropin  paralyzing  the  third  and  exciting  the  sympathetic  nerve,  whilst 
the  Calabar  bean  paralyzes  the  sympathetic  and  excites  the  third.' — The 
term  astigmatism'  (a,  privative,  (rrtyixa,  a  point)  has  been  applied  by  Pro- 
fenor  Whewell  to  a  condition  of  the  eye  (first  observed  in  himself  by  Pro- 
ftsBor  Airy)  in  which  there  is  an  inequality  in  the  refractive  power  (owing 
to  difierence  in  the  degree  of  curvature  either  of  the  cornea,  or  of  the  lens, 
or  of  both)  between  the  horizontal  and  vertical  meridians  of  the  eve.  There 
18  a  consequent  incapacity  on  the  part  of  the  eye  to  collect  all  the  rays  of 
light  entenng  it  to  one  exact  focus ;  this  has  been  shown  by  Donders  to  be 
of  common  occurrence  in  those  who  are  otherwise  healthy.  The  asymmetrjr 
is  usually  of  such  a  nature  that  with  each  degree  of  accommodation  hori- 
zontal lines  are  seen  distinctly  at  a  point  nearer  to  the  eye  than  vertical  lines, 
showing  that  the  vertical  meridian  has  a  shorter  focal  distance  than  the 
horizontal.  This  condition  may  be  remedied  by  the  use  of  the  so-called 
cylindrical  glasses. — Many  other  interesting  inquiries,  respecting  the  action 
of  the  eye  as  an  optical  instrument,  suggest  themselves  to  the  Physical  phi- 
losopher; but  the  foregoing  are  the  chief  in  which  the  Physiologist  is  con- 
cerned ;  and  we  shall  now  proceed,  therefore,  to  consider  the  share  which 
the  nervous  apparatus  performs  in  the  phenomena  of  vision. 

615.  The  Optic  Nerve,*  at  its  entrance  into  the  eye,  divides  itself  into  nu- 
merous small  fasciculi  of  ultimate  fibrils ;  and  these  appear  to  spread  them- 
selves out,  and  to  inosculate  with  each  other  by  an  exchange  of  fibrils,  so  as 
to  form  a  netlike  plexus,  which  constitutes  the  inner  layer  of  the  Ketina  (Fi^. 
266,  7)  in  immediate  contact  with  the  "  limitary  membrane"  (8).  There  is 
considerable  difficulty,  however,  in  the  precise  determination  of  the  course 

*  See  Thompson,  Amor.  Jour.  Med.  Sci.,  April,  1870. 

•  See  the  Eways  of  Rorow,  in  Henle  and  Pfeuffer's  Zoitschrifl,  Bd.  xxix,  1867,  p. 
1 ;  BernMein  in  idem,  p.  35;  Dr.  Argyll  Robertson  on  CaUbar  H«'an,  Trans,  of  Royal 
8oc.  of  Kdin.,  vi*l.  xxiv  ;  V.  Grafe,  Archiv  f.  Ophth.,  Bd.  ix,  Helt  iii,  p.  87. 

•  See  Donders's  A.«tigmatigmus,  f»tc.  (Berlin,  18(>2)  ;  the  Oration  delivered  by  Mr. 
Z  Laurence  before  the  North  London  Medieal  Snoicty,  18<>3,  and  his  papers  in  the 
Med.  Times  and  Gazette  for  1862-68;  also  Mr.  Wharton  Jones's  abstract  of  paper 
read  before  the  Royal  Society,  in  Proceedings  of  the  Royal  Society  for  1859,  vol.  x, 
p.  S74. 

*  An  excellent  account  of  the  hiiitorical  development  of  our  knowledsfo  of  the 
»tnirture  of  the  retina,  from  the  year  1856  to  the  year  1868,  is  given  by  Krauss,  in 
Bobin'B  Journal,  vol.  vi,  1869,  p.  438. 
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of  the  tierve-fibresi  in  the  Retina^  on  account  of  their  minute  size,  their  soft- 
ness, anc!  the  alteration  in  their  characters  that  take;^  place  during  mouDliog. 
Altlmiigh  unifonnly  much  smaller  than  ordinary  nerve-fibres,  they  present 
considerable  diversities  in  size,  the  largest  of  them  being  ouly  about  ^r/oo^^ 
of  an  inch  in  diameter,  whilst  the  smallest  are  no  more  than  from  ^jji^^jtb 
It  is  considered  by  Mr.  Bowman  that,  like  the  fibrra 


to  ^(j^jf^thof  an  inch. 


FitJ.  265. 


Fio,  Wi. 


^  t 


Tw.  26fl. — ScbeiRer'a  ExpeHute^tit.  a,  sou  red  of  Ugbt;  e;.  pa- 
•Ulon  of  TvtUm  \n  rvi^rd  to  ihe  frK-iis,  c.  of  the  rsya  i*nl«'nni: 
through  twn  n|jL'rturea  In  mnirrl,  on*'  of  wlikh  I  ft  rari-rc'd  wUh 
»  cotcin'd  glM^a,  ^ ,  lu  siti  eiiitub(.rn|]Lti  vf  i: ;  f i,  [xralUod  4>f  ibe  ]f(rUnts 
■t  n,  in  a  ti jp)einnftft>|ilc  vfn :  if,  posUlon  of  R:tlfiN^  pq.  Id  m 
mjctfiii;  ejt. 

Fid. 20f;.— Verticil  Sectfmi  nf  Rrlitia  at  tbfi  HniiiRn  Eye;  1* 
bacUlar  lnyer;  a,otit<!'rgn«jiular  layer:  !l.  ibL^^riiietlbt^  ftliiHitii 
Uytr;  1,  Inner  Ktinulrir  liiy-^r^  5,  dnuly-grarihlnr  gmy  Uyer; 
ejij^vrtsf  uurve-ccnB;  7»  Ltyisr  of  &htet  ut  optk  b^rve;  S,  lim- 
lUrjF  m^tubratti*. 


of  the  Olfacti ve  nerve*?  (S  G06 ),  they  consist  of  axia-cyliiiders  without  sheatba. 
They  do  not  form  a  eotitinuous  fi lire-layer  at  the  yellow  sput.  Kit«?rnally 
to  the  Plratuin  uf  nerve-fibre?,  wliich  may  be  called  the  Optic  layer,  ia  a 
vesicular  stratum  called  the  ganglionic  layer  (Fig.  267 »  3),  which  consbti 
of  a  finely  granular  matrix,  wherein  are  I'm  bed  d^  nerve-eeHs  resembling 
those  of  the  nerve  centres,  and  having,  like  them,  one,  two,  or  a  variable 
number  of  proeeiises,  some  of  which  appear  to  become  continuous  with  the 
fibres  about  to  be  described;  at  the  macula  lutea  all  the  gangliou-celb  aw 
bi|K>lar,  It  h  to  these  fibrous  and  vesicular  layers  of  the  t^etiua,  which 
together  make  up  the  analogue  of  the  conical  substance  of  the  C)erehniro, 
that  the  principal  supply  of  blood  is  distributed  by  the  minute  capillanr 
network  which  is  spread  out  through  their  substance,  Immeilialely  external 
to  the  ganglionic  layer  is  the  interiml  molecular  layer  (4),  or  the  layer  of 
gray  vesicular  matter  of  Mr.  Bowmiin,  the  peculiar  appearance  of  which  10 
due  to  the  admixture  of  a  very  fine  plexus  of  spungy  connective  tisj*ue  giv«!a 
ofi*  from  certain  radially  running  supporting  fibres,  with  nerve-fihriU  nf  im- 
fneasurable  minuteness.  This  again  is  succeeded  by  the  layer  of  inner  gmn- 
ules  (5),  which  contains  two  distioci  kinds  of  nucleate*!  cellular  elemoits, 
one  of  which  is  imbeddefl  in  radially  arimnged  nerve-fibres,  and  the  *  it  her 
in  sfrailarly  disposed  fibres  of  connective  tisaue;  next  comes  (6)  the  extcnial 
molecnlur  or  granulated  layer,  consisting  of  a  thin  layer  of  fine  plcxifomi 
tissue,  iuclasing  a  few  nuclei  and  smooth  cells,  with  coarser  fibres  running 
parallel  to  the  surface  of  the  retina.  The  external  granule-layer  (7^  which 
conmis  of  a  thin  layer  of  granules,  lying  in  a  finely  striated  niatrix  of  coth 
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ve  tissue,  in  which  extraordinarily  fine  fibrils  are  imbedded,  running 
uely  or  parallel  to  the  surface  of  the  retina,  and  attached  to  the  peri- 
c  processes  of  the  internal  granules,  and  to  the  fibres  of  the  rods  and 
I ;  and  finally  the  layer  of  rods  and  cones  (9),  often  also  called  the  ba- 
'V  layer,  or  after  its  discoverer,  Jacob's  membrane.  The  rods  are  cylin- 
1  boaies,  with  a  length  at  the  back  of  the  Eye  in  Man  of  fifty  to  sixty 
>inillimetre8,  and  a  diameter  of  two  micromillimetrcs,  but  becoming 
er  anteriorly.  Distributed  at  regular  intervals  between  the  rods,  Q^cept 
a  macula  lutea  and  ora  serrata,  are  the  fiask-shaped  cones.  The  dis- 
between  two  cones  amounts  on  an  average  to  eight  or  ten  millimetres, 
itervening  space  being  occupied  by  three  or  four  rods  in  a  straight  line. 
th  structures  two  essentially  different  segments  are  distinguishable.  (See 
268.)     The  distinction  is  most  marked  in  the  cones,  in  which  the  outer 


Fio.  267. 


Fio.  268. 


Fig  269. 


BC7. — Diagraminatic  representation  of  thu  connections  of  the  ncrTo-flhres  in  the  Rotina.  1. 
ana  liniitans  interna.  2.  Optic  ncrvo-fl hre  luyer.  '.I.  Layer  of  KanKlion-ctrllji.  4.  Internal 
ited  or  molecular  layer.  5.  Internal  granule-layer.  6.  External  graniilatMl  ur  molecular  layer. 
rnal  granule-layer.    8.  Membraua  liniitans  exterior.    9.  Hacillary  layer,  or  layer  of  rod.^  and 


B68. — Rod  and  cone  from  the  Retina  of  Man  pnvserved  in  a  two  per  cent,  solution  of  porosmic 
•hov  the  fine  fibres  of  the  surface,  niid  the  different  lengths  of  the  int«'rnal  si'Kiuent.    The 
•gment  of  tho  cone  is  broken  up  into  di»ks,  wliirh,  however,  are  still  adherent  to  one  another; 
Muw  of  the  cone  are  seen  a  few  fine  hairs  ( y  10«H)  diani.>. 

169.— Diagrammatic  repn>!(entati<>n  of  the  conneirtive  tissue  of  tho  retina  an  s"en  near  the  ora 
.    The  numbers  correspond  to  those  uf  the  soveral  layers  of  the  retina  .shown  in  Fig.  267. 

»nt  b  conical  and  highly  refractile,  whilst  in  the  rods  the  segment  is 
ly  regularly  cylindrical.  The  plane  of  junction  of  the  two  segments 
re  anterior  in  the  cones  than  in  the  rod:?.  After  removal  from  the  body 
uter  segments  of  both  the  rods  and  cones  undergo  a  kind  of  coagula- 
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tioii,  iinbil>e  water,  and  brenk  up  into  a  aeries  of  disks.  Sub^uenlly  ther 
undergo  further  changea  of  tbrtu,  the  final  reauU  being  a  e^pberoidai  body 
resf-mbling  certain  myelin  drop^.  When  well  preserved  they  exhibit  mho  a 
longitudinal  and  very  fine  striatiou.  RUter,  Hensen,  and  others^  think  that 
an  axial  fibre  ean  be  seen  in  the  outer  segment  of  the  rmis.  The  internal 
segments  of  both  nnh  and  cones  exhibit  a  fine  longitudinal  striation  on  their 
surface,  which  are  rather  ebannellin^  or  fibres,  probably  the  latter,  since 
theyJ)oth  surround  the  base  of  the  inner  segment,  and  protrude  from  its 
outer  extremity,  inclosing  the  base  of  the  outer  segment  in  a  kind  of  cradle. 
Hensen  and  gome  others  believe  that  an  axial  fibre  may  be  seen  in  the  in* 
ternal  segment  of  the  rods  in  some  animals,  but  such  fibres  are  not  visible  in 
man.  The  nucleated  cone-granule  is  a  bipolar  cell,  the  peripheric  process 
of  which  is  the  cone  itgelf,  whilst  the  central  extremity  arises  from  ttie  ex- 
ternal molecular  layer,  by  the  coalescence  of  a  number  of  fine  fibrils.  The 
rods  and  cones,  the  latter  of  which  present  in  many  animals,  as  in  birds  and 
reptiles,  a  drop  of  brilliant-colored  oily  substance  at  their  peri|>h€ric  ex- 
tremities, are  the  terminal  organs  of  the  optic  nerve-fibres;  out  it  still  re- 
mains undecided  whether  the  fibrils  in  the  interior  of  the  inner  segments 
stand  in  connection  with  the  nerve-fibrils  of  the  fibres  in  question.  The 
outer  segment  may  possibly  repr^ent  a  nan-nervous  physical  accessory  ap- 
paratus. It  is  remarkable  that  section  of  the  optie  nerve  in  the  living  ani- 
mal is  followed  by  defeneration  of  all  the  elements  of  the  retina  except  iht 
bucillary  layer,  which  thus  scarcely  seems  to  l>eiong  to  the  true  nerve4i&¥0esL 
The  layer  of  hexagonal  pigment'Cells,  commonly  termed  the  pigment  epi- 
thelium of  the  choroid,  belongs  both  physiologically  and  morpboltigically  to 
the  retina.  The  outer  segments  of  the  rods  and  cones  are  so  closely  embraced 
by  tbem,  in  well-preserved  specimens,  that  they  will  rather  separate  from 
the  internal  segments  or  fracture  through  their  substance  than  became  de* 
tached  from  tbem.  The  prQj>er  nervous  structures  of  the  retina  are  per^ 
meated  and  supported  by  a  j^troma  of  connective  tissue^  which  is  hound tpd 
externally  and  internally  by  the  membranae  limitanta*,  the  external  limiting 
membrane  corresponding  to  the  inner  extremity  of  the  rods  and  cont^  of 
line  of  detachment  of  Jacob's  membrane;  and  the  internal  limiting  mem- 
brane (8)  resting  on  the  hyaloid.  The  support inr}  connective  timtte  i  Fig.  269) 
is  closely  allie<l  structurally  to  that  of  the  brain  and  spinal  cord,  which  has 
been  named  Neuroglia  by  Virchow.  By  Schultze  it  is  termed  spongy  eoa- 
nective  tissue.  It  fills  up  the  interspaces  between  the  gangllon-cells»  gran- 
ules, and  nerve- fib  res,  and  consists  of  radial  supporting  fibra*  (nuxst  con- 
fitantly  tbund  in  the  internal  granule-layer)  and  oval  homogeneous  nuclei. 

616.  There  are  two  sjiots  in  the  Retina,  in  which  the  arrangement  of  the 
ibregoing  components  is  essentially  difierent ;  and  from  these  differentiSB, 
important  physiological  conclusions  may  be  drawn.  One  of  these  is  the 
slight  eminence  at  which  the  Optic  nerve  enters,  which  is  a  little  l>elow  aJid 
internal  to  the  posterior  extremity  of  the  axis  of  the  eye.  The  other  is  ihf 
"yellow  spot  of  Soemmering/'  which  is  situated  in  the  exact  centre  of  the 
retina.  The  modifications  undergone  by  the  Retina  at  the  macula  lutea  and 
fovea  centralis  are  considerable.  Nearly  in  the  axis  of  vision  an  iu tensely 
yellow  pigment  is  deposited  between  the  elements  of  the  different  layer?, 
with  the  exception  of  the  bacillar  and  external  granular  layer.  The  centre 
of  the  yellow  s|M>t  is  depressed  anteriorly  ( Fig,  270)  to  form  the  fovea  cen- 
tralis. The  retina  is  thicker  at  the  macula  lutea,  of  conree,  excepting  at 
the  fovea  centralis,  than  in  the  adjoining  parts,  and  is  at  the  same  time  mi  tit;  r 
and  more  prone  to  post-mortem  change,  probably  in  consequence  of  the  de* 
ficieney  of  the  mdM  supporting  connective  tissue.  The  layer  of  the  gan* 
gUon-celh  and  internal  division  of  the  external  granule-lajerf  are  tha  layeii 


SEHSE    OF    VISION — STRUCTURE    OF    BETINA. 


767 


that  are  mmi  obviously  tbickened.  On  tbe  other  band,  there  is  no  contin- 
uoua  Jayerof  nerve-tibrea  beneatlt  tbe  membrane  limitans  interna*  Tbe  roda 
are  altogether  deficient,  their  place  being  taken  by  tbe  cones,  ^bich  become 
longer  and  narrower,  and  are  closely  packed.  The  course  pursued  by  the 
cone-fibres  ebanees  ass  compared  with  other  parts  of  the  retina  from  a  radial 
to  a  horizontal  direction.  At  the  fovea  all  tbe  layers  of  tbe  retina,  with 
the  exception  of  tbe  cones  and  external  granules,  diminish  to  a  minimum, — 
It  is  not  a  little  remarkable,  that  tbe  point  of  the  entrance  of  the  Optic 
nerve  should  be  deficient  in  the  power  of  receiving  distinct  visual  impres- 
sions (S  634) ;  wbili^t  tbe  '*  yellow  spot/*  the  position  of  which  according  to 
Landott  ia  J^.905  mm.  to  the  outer  side  of  the  optic  dUk,  and  0J85  mm. 
higher,  is  tbe  most  seni^Uive  jx^rtion  of  the  entire  Retina/  And  hence  it 
seems  unequivocally  to  follow,  tbat  these  impressions  cannot  act  primarily 
upon  the  nerve-tibres, — a  conclusion  which  harmonizes  with  tbe  fact,  tbat 
the  fibres  of  the  optic  nerve  are  superimposed  upon  each  other  in  the  stratum 
which  they  form,  in  such  numbers  that  it  is  not  conceivable  tbat  they  should 
be  the  primary  recipients  of  luminous  impressions,  since  tbeir  transparency 
must  ailow  rays  of  light  to  penetrate  from  one  portion  of  the  layer  to 
another.  Tbe  hacillary  layer  was  formerly  regarded  as  a  reflecting  appa- 
ratus, having  fur  \U  purpose  to  stop  tbe  further  passage  of  light,  and  to  in- 
tensify its  influence  on  tbe  true  retina ;  but  since  its  connection  with  the 
proper  nervous  elements  of  the  retina  has  been  established,  there  seems  much 
ground  Ibr  l>eHeviiig  (with  Prof.  Kollikcr)  that  its  rods  and  eoues  are  the 
primary  recijjients  of  luminous  impressions,  and  tbat  they  commnuicate 
their  couditi<ui  to  tbe  fibres  of  tbe  optic  nerve,  by  meanit  of  their  own  deli- 
cate fibrous  prolongations,  which  seem  to  come  into  more  or  less  direct  eon- 
aectiou  with  it^  ultimate  rami  flea  t  ions, 

617,  The  limits  of  Human  Vi^^ion,  as  regartis  tbe  rainutene&'i  of  the  ob- 
jects of  which  ii  can  take  cogntiatiee,  have  l>een  investigated  by  Profasaor 
Ehrenberg,  with  tbe  view  of  t^alcu biting  the  ultimate  power  of  tbe  Micro- 
sc*ope/  In  opposition  to  tbe  generally  received  opinion,  Ebrenberg  arrived 
at  the  conclusion  that^  in  reganl  to  the  extreme  limits  of  vision,  there  is 
little  difference  amongst  pers^ms  of  ordinarily  good  sight,  whatever  may  be 
tbe  focal  distance  of  their  eyes.  The  smallest  square  magnitude  usually 
viaible  to  the  naked  eye,  either  of  white  particles  on  a  black  ground,  or  of 


'  Aubert  and  FSrakrr  (?.  Grafe's  Archvv  f  Opbth.,  Bd.  vM,  18«0,  p,  152)  bnve  shown 
tlmt  the  iictUrne«!»  uf  vhma  in  receding  fn^m  ine  foven  cfntralb  <Jue^  nut  diminieh  In 
t^ont-entrk-  cit-Lile*,  l>ut  more  quickly  iibove  tind  bcloWj  und  miir*^  grKdunlly  tu wards 
tbe  out  jind  tht?  Insidis,  Thpj  fiHind  wliso  tbnt  the  more  rornole  any  ijl>jf?i.>t  wm  from 
the  oplTC  nxis  lUc  larger  it  must  be  to  be  n*coj;nUed,  rtnd  further,  ll^ut  ii  i*miil!  objet  t 
ID  proi^ttnLiy  to  tbe  eye  chr  be  reL-ognised  Ht  h  i^r^ttter  di»ttioce  frum  the  axis  thiin 
h  larger  utyi-cl  ri'tnotw  fri»m  I  be  i>ye.  The  me«sufe  of  ncnlenpai  of  viaion  iri  gen  end 
nse  amongst  opblbalitiic  fiurgtion»  i*  a  feerica  of  Jeiiera^  the  ihickneflfl  of  whieh  h  one^ 
flftb  of  their  bi'ight,  and  which  are  placed  lit  put-h  a  dUlancc  tbiU  they  subtend  an 
angle  of  6'.  The  diaianee  d  nx  which  j*uch  letters  wre  f^till  dUrinctly  recogniaed  di- 
viaed  by  the  d  inn  nee  D  nt  which  they  subtend  an  angle  of  6'  t'lpreiijiefl  tlie  shiirp* 
neM  uf  vision.  ThLi&,  tf  the  letters  C,  or  G,  nr  B^  be  made  of  dueh  a  jsize  that  at  W 
feel  they  eiubttfnd  an  nngle  of  5^  und  ean  be  read  at  that  distnnce,  the  vuion  of  the 

eiperitnetiter  ia  perfect,  V"  ^       or  —   ^=^  I  ;  but  if  he  can  only  see  theoi  at  10  feel, 
hii  vuion  =  1?=  : ;  if  only  at  6  feet  hi«  V  =   ^  =  -i  and  lo  on.    The  absolutely 

sinallett  risual  anglf^  at  which  nny  object  can  undur  exceptionally  favorable  circum- 
aUncee  he  seen  e^ohteud^  an  nnj{leof  50"*     (Hir?t"hmann,  16»i7*) 

'  Taylor*^  i^tiijtiiiflc  Memoird,  voL  1^  p.  676.  iiee  ikho  HelmboltB,  Physiolog. 
Optik.,  J860. 
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black  upon  a  white  or  Jight-colpred  ground^  i3  about  tlie  ^-J^^th  of  an  mrh. 
It  IS  possible,  by  tlie  greatest  condeuiKiition  of  light,  nnd  exdljemeiit  nf  the 
atteiitioti,  to  recognize  magultydes  between  the  jj^ih  and  ^J^jlb  i>f  an  inch, 
but  without  sharpness  or  certainty.  Bodies  which  are  smaller  thnn  these 
entinot  be  diseerned  with  the  naked  eye  when  swingle,  but  may  be  jseen  when 
placed  in  a  row.  Particles  which  powerfully  reflect  light,  however*  niny  be 
aistioclly  seen,  when  not  half  the  size  of  the  least  of  the  forc^goiag ;  thus 
gold-duit^  of  the  finene.^  of  |j'j^th  f>f  au  inch,  may  he  di?icerned  with  the 
naked  eye  in  common  daylight.  The  delieacy  of  vi.^ion  is  far  greater  for 
lines  than  fitr  mere  pointis;  since  opaque  threads  of  ^^on^^  ^^^  ^^^  ^^^^^  ^^ 
diameter  (about  half  the  diameter  of  the  Silkwc^rm's  fibre)  may  be  discerned 
with  the  nake<l  eye,  when  held  towards  the  light  The  siie  of  the  retinal 
iftiage  in  these  cases  must  be  exceedingly  snmll  In  some  of  Bergmatm*s 
experiments  it  was*  found  that  black  and  while  cheekei^  of  Ath  of  an  inch 
square  could  be  discerned  at  such  a  distance  that  the  retinal  image  of  each 

Fig.  270. 


Diignmmiil  le  sccUun  llirougti  tb«^  maenl%  Uiti^«  ftfid  ftive*  Motralli  at  the  E»lJiift  of  Han,  I .  Ofiik 
ntrv^^RbPi^!*.  %  Gau^llon-c^lli.  3i  Intprtinl  f  rntiuUL«-d  (iiml^'^gliir]  1jijt:r  nud  Itittrrnut  i^rjinute-tA^er. 
4,  Extrrnnl  gnriuliilH]  (moleculnr)  b^t^r^  ExU'mal  fiUraua  byer,  add  Exb^riml  granute^lgiyer.  5  Itoli 
and  eunev    6.  Plgmeiu  Inyer. 


square  could  not  have  exceeded  half  the  diameter  of  one  of  the  eoDe?  of 
the  baciilarj  layer.^ — The  degree  in  which  the  ntfention  is  directed  to  theni^ 
has  a  great  influence  on  the  rendines^s  with  which  very  minute  objects  can 
be  jjerceived ;  and  Ehrenberg  remarks  that  there  is  much  greater  tliHerence 
amtingst  individuals  in  this  respect,  than  there  is  in  regard  to  the  al>S4>lute 
limit*  of  viiiiou.  Many  persons  can  distinctly  see  such  objects,  when  their 
situation  ia  exactly  pointed  out  to  them,  w!io  cannot  otherwise  distinguish 
them ;  and  the  same  i.^  the  case  with  persons  of  acuter  ^>ereeptvon,  with  rp- 
§pect  to  objects  at  distances  greater  than  those  at  which  they  can  see  most 
clearly.  "I  myself,"  says  Ehrenberg,  **  cannot  see  ^^outli  of  an  inch,  black 
or  white,  at  twelve  inches'  distance  ;  but  having  found  it  at  four  or  fiv© 
inches'  distance,  1  can  rerao^-e  it  to  twelve  inches,  and  still  see  the  object 
plainly.''  Similar  phenomena  are  well  known  in  regard  to  a  balhxjn  or  a 
liiint  star  in  a  clear  sky,  or  a  ship  in  the  horizon :  we  easily  see  them  after 
they  have  been  pointed  out  to  us;  but  the  faculty  of  readily  descrying  oh* 
jects  depends  on  the  habit  of  uBing  the  eyes  in  search  of  tfiem^  and  of  a(- 


*  Etirenberg  mentions  thni  he  obUim(»d  the  fln^el  parllcU'i  <»f  jjold  hy  *cr»plng  g*1t 
brnffi^  by  Hling  pure  gold,  he  Hlw»y»  obtained  much  coAfeer  pftrticlea. 


'  Henieand  i£eh»ner*^  Bericbt,  iS67j  p.  6t>9. 
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t^dttig  la  the  sensory  in^pressiona  thus  received  (S637u  Anbert^  found 
|bat  the  exeitabiUty  of  the  retina  for  extremely  feeble  i^Umuli  mpitlly  iit- 
filled  II  high  degree  whec  a  dark  room  was  entered,  though  a  slight  in- 
Errii^  ill  BeniitiveDesa  continued  to  take  place  for  a  cuii^^iderable  period  if 
lie  s<jjoum  iu  it  were  protracted.  A  wire  heated  by  electricity  was  first 
ia»e<n**rred  when  at  a  temperature  of  about  666^  F,  In  auother  series  of 
pcpcrimeuts  he  fbund  that  the  feeblest  illumiuation  of  the  field  of  vision 
bat  could  lie  reeognieed  waa  about  equal  to  that  of  the  phitiet  Venus  when 
^^^J5hte^t,  or  to  the  while  light  of  day  iuhiiitied  into  a  chamber  through  an 
ting  ft>rty*oae  ^rontb  g<iuare,  Small  surfaces,  however,  always  require 
^■It^rubly  greater  illuiuiuatioii,  iti  order  that  they  should  be  jKTceived, 
Sfi  liir^e. 

618.  The  amount  of  light  admitted  to  the  eye  is  regulated  by  the  eon - 
ctum  flud  dilatation  of  the  Pupil,  the  smallest  diameter  of  which  ia  about 
th,  and  itsi  largest  about  ^d  of  an  iuch.     The  muscular  structure  of  the 
uman  IrU  h  entirely  of  the  non-striated  kind,  being  composed  of  the  ebu- 
ted  iib re-cells,  with  HtaH-shaped  nuclei  which  are  characteristic  of  that 
.riety*     Part  of  these  are  no  disjK>sed  as  to  form  a  circular  sphincter  (Fig, 
1,  «),  which  can  be  readily  seen  in  the  iris  of  the  white  rabbit,  of  in  the 
luc  irii  of  man  from  which  the  uvea  has  been  removed,  immediately  sor- 
ing the  pupillary  margin  to  the  breadth  of  about  one-third  of  a  line, 
hn^  of  this  *^phiucter  are  not  absolutely  parallel,  especially  at  the  outer 
[to,  where  they  seem  to  become  continuous  with  those  of  the  radiattug 
lU  (/*  6 if,  which  may  be  trai:H?d  from  this  sphincter  (though  usUaJly  with 
hyf)  to  the  outer  margin  of  the  iri»,  sometimes  anatstomosing  with  each 
in  their  course.'     The  con- 
ction   of   the    annular    fibres,  Fia.  sn 

[*by  the  diameter  of  the  pupil 
^itmhcfi,  is  effected,  as  al  ready 
lineal  (S  491),  through  the 
irumentnlity  of  the  Thii"d  pair 
ncrvrj^ ;  the  contraction  of  the 
adifttiog  fibres, on  the  other  hand, 
rbereby  the  pupil  ib  dUahd,  h 
loder  the  government  of  the  cer- 
{xirtion  of  the  Sympathetic^ 
called  forth  (aa  MM,  Budge 
Vallcr  have  showii^)  by  irri- 
ition  of  the  trunk  of  the  8ympa- 
belic  in  the  neck,  or  of  tlie  lower 
irt  of  tlie  cervical  iiortion  of  the 
Spiiial  0*rd,  by  the  magneto-elec- 
ric  apjuiratus:  whiLnt  sectiou  of 
Tie  Sitnipalhetic  produces  a  per- 
iianent  contraction  of  the  pupil, 
be  acti o n  o f  1 1  le  T h  1  rd  pu  i  r  net n g 
ben  no  loiiger  auiagouized.  It 
Ippears,  from  other  experiments, 

hat  the  fibres  through  which  this  movement  is  effected,  pass  through  the 
llficaeriatigajigiion,and  are  distributed  to  the  eye  by  the  ophthalmic  branch 


'9 


Ml 


:-*1 


m 


\^ 


Muscutar  iirncture  of  the  lrtt»  of  k  While  RftHhR: 
fi,  iphrnetor  of  the  pupU ;  ft,  b^  nuHnUiiic  fH*c!li^uU  ©f 
rUUttir  inufick;  i\  v,  couuectlve  ttft»ue  with  iU  eoF- 


•  ^.n*  i>rf»f.  KSlItker**  Mlkrt^^komiehe  ArjntoTnip,  Bd.  ii,  {  272 1  «fjd  Jcwioph  J.  Lister *• 
Mfjfi  on  ibe  Conimcuk*  Tisati«  i>t  tiie  Iris  la  QtMrt.  Jourti,  wf  Microsfpp. 
.j1,  1,  p*  8.    Sm  Liineet,  vol.  i,  1870,  pp.  121  and  21 L 

«  4^«Mlt«  Mldiotl^,  1851,  Nos.  41,  41. 
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of  the  Fifth  pair  (S  490).  The  contraction  of  the  Pupil  is  a  reflex  actioD^ 
indueed  by  excitation  of  the  retina,  and  acting  through  the  nervoua  crrck 
formed  by  the  optic  nerves  aud  tracts,  and  the  third  pair  of  cerebral  uervfli. 
It  an^wem  the  pnrpose,  m  we  have  seen^  not  merely  of  excluding  siijXTflaoita 
light  from  the  eye,  hut  also  of  cntting  otf  the  most  divergent  rays  when  ihe 
object  is  brought  near  the  refra**ting  surface  (§  012),  and  of  thus  preventing 
the  indistinctness  of  vision  ^ hi ch  would  result  from  their  admitMon«  For, 
although}  when  the  Eye  is  at  rest,  parallel  rays  come  to  a  focus  on  the  Reiiuat 
divergent  or  convergent  rays  proeeetiiog  from  any  point  come  tcj  a  ftjcua 
either  behind  or  in  front  of  that  membrane,  forming  upon  it  what  is  termed 
a  "circle  of  dispersion  ;"  but  by  cutting  off  the  outermost  rays  and  permit- 
ting the  entrance  of  those  only  which  are  nearly  parallel,  the  magnitude  of 
sucli  circles  is  materially  diminished,  and  vision  correspondingly  impriived. 
It  is  intere*^ting  to  observe  that  contraction  of  the  pupil  is  effected  with 
greater  rapidity  than  dilatation,  a  matter  of  some  importance  in  guddea 
alternations  from  light  to  darkne,<^.  Contraction  of  the  pupil  may  als^o  be 
produced  by  powertully  converging  the  optic  axes,  as  in  squinting  inwardi; 
ty  strong  accommodation  of  the  eyes  for  near  objects,  and,  as  already  statjcd, 
by  certain  fjoisons,  as  the  Calabar  bean,  nicotin^  opium,  etc. — M.  Brown- 
S^juard'  ha^  shown  that  the  Irides  of  various  animals  may  be  directly  affetled 
by  Heat  and  Light,  Thus  if  the  eyes  of  dogs,  cat;*,  or  rabbi ts,  either  soon 
after  death,  or  shortly  after  their  removal  from  the  body,  be  suddenly  tx- 
posed  to  an  alteration  of  temperature  amounting  to  50°  or  60^  F.,  if  the 
pupil  be  contracted »  it  expands,  though  on  the  contrary,  if  it  be  in  the  firet 
instance  dilated,  it  speedily  con  tracts.  These  effects  of  heat  have  not  Ijeen 
observed  either  in  Man  or  the  Mammalia  during  life,  A.«  reganls  the  direct 
action  of  Light,  Brown -S^quard  fouod  that  the  Iridcii  of  eels  aud  frogs 
which  had  been  removed  for  several  (even  i*ixieen)  days  from  the  hinh  m 
winter,  as  well  as  the  I  rides  of  mammaU  and  birds  for  a  short  time  a'ller 
death,  contracted  on  exposure  to  the  light  of  the  sun  or  of  a  candle;  this 
effect  being  produced  even  when  the  posterior  half  of  the  eye  bad  l»een  cut 
off,  and  when,  therefore,  there  could  have  been  no  reflex  action.  The  ycl* 
low  rays  appeared  to  have  the  greatest  energy.  These  remarkable  phenom- 
ena prove,  at  all  events,  that  the  eontractuin  of  the  pupil  is  not,  us  U^ 
occasionally  been  maintained,  exclusively  due  to  vascular  turgescenc«-  Tl»e 
cause  of  the  effect  produced  by  Light  is  difficult  to  explain,  but  that  occa- 
sioned by  Heat  may  perhaps  be  attributed,  as  Brown-S^quard  suggests,  to 
the  eircunistance  that  a  contracted  muscle  has  less  power  than  one  in  attale 
of  extension,  so  that  if  a  stimulus  act  equally  on  both,  when  previau^ly  ni^y 
balanced  in  point  of  i^trenglh,  the  uneonlracted  muscle  will  exert  the  greater 
force,  and  consequently  overpower  the  contracted  muscle.  DilaUition  of  the 
pupil  may  be  caused  by  strong  irritation  of  sensory  nerves,  and  occurs  dur- 
ing violent  muscular  effort,  and  in  dyspnoBa,  as  well  m  from  tbe  action  of 
belladonna. 

619.  The  sense  of  Vision  depends,  in  the  first  place,  oo  tbe  excitement  of 
onr  sensational  consciousness  by  the  ocular  picture  impreseed  upon  the  ttU 
ina,  which  represents  the  outlines,  lights  and  shades,  colors^  and  relative 
positions  of  the  objects  before  us;  and  all  the  ideas  respecting  the  real  fornix 
distances,  etc.,  of  bodies,  which  we  found  upon  the^^  data,  are  derived  through 
the  perceptions,  either  instinctively  or  experientially  suggested  by  sensatiooi. 
Many  of  these  ideas  are  derived  through  the  combination,  in  our  minds,  of 
the  Visual  perceptions,  with  those  deri%^ed  from  tbe  sense  of  Touch.  Tha*t 
to  take  a  most  «itnple  illustration,  the  idea  of  srmiothneM  m  oae  eeeeoiially 
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tactile ;  and  yet  it  constantly  occurs  to  us,  on  looking  on  a  surface  which  re- 
flects light  in  a  particular  manner.  But  if  it  were  not  for  the  association 
which  experience  leads  us  to  form,  of  the  connection  between  polish  as  seen 
li^  the  eycy  and  sinoothnesa  as  felt  by  the  touchy  we  should  not  be  able  to  de- 
termine, as  we  now  can  do,  the  existence  of  both  these  Qualities,  from  an 
impression  communicated  to  us  through  either  sense  singly. — The  general 
tkct  that,  in  Man,  the  greater  part  of  those  notions  of  the  external  world, 
by  which  his  actions  in  the  adult  state  are  guided,  are  acquired  by  the 
gradual  association  of  the  two  sets  of  perceptions  derived  through  the  Sight 
and  through  the  Touch,  is  substantiated  by  amply  sufficient  evidence;  this 
being  chiefly  derived  from  observations  made  upon  persons  bom  blind,  to 
whom  sight  has  been  communicated  by  an  o])eration,  at  a  period  of  life 
which  enabled  them  to  give  an  accurate  description  of  their  sensations.  The 
ease  recorded  by  Cheselden  is  one  of  the  most  interesting  of  these.  The 
youth  (about  twelve  years  of  age),  for  some  time  afler  tolerably-distinct 
Tision  had  been  obtained,  saw  everything )^^  as  in  a  picture,  simply  receiv- 
ing the  consciousness  of  the  impression  made  upon  his  retina ;  and  it  was 
some  time  before  he  acquired  the  power  of  judging,  by  his  sight,  of  the  real 
forms  and  distances  of  the  objects  around  him.  An  amusing  anecdote  re- 
eorded  of  him,  shows  the  complete  want  which  there  is  in  Man,  of  any  natu- 
iml  or  intuitive  connection  between  the  ideas  formed  through  visual  and 
through  tactile  sensations.  He  was  well  acquainted  with  a  Dog  and  a  Gat 
hy  feeling,  but  could  not  remember  their  respective  characters  when  he  «ai(; 
them  ;  and  one  day,  when  thus  puzzled,  he  took  up  the  Gat  in  his  arms,  and 
felt  her  attentively,  so  as  to  associate  the  two  sets  of  ideas,  and  then  setting 
her  down,  said,  "  So,  puss,  I  shall  know  you  another  time." — A  similar  in- 
■tance  has  come  under  the  Author's  own  knowledge ;  but  the  subject  of  it 
was  scarcely  old  enough  to  present  phenomena  so  striking.  One  curious  cir- 
enmstance  was  remarked  of  him,  wnich  fully  confirms  (if  confirmation  were 
wantine)  the  view  here  given.  For  some  time  after  his  sight  was  tolerably 
clear,  the  lad  preferred  finding  his  way  through  his  father's  house  (to  which 
he  had  been  quite  accustomed  when  blind)  by  touch  rather  than  by  sight, 
the  use  of  the  latter  sense  appearing  to  perplex  instead  of  assisting  him ;  but,. 
when  learning  a  new  locality,  he  employed  his  sight,  and  evidently  per- 
ceived the  increase  of  facility  which  he  derived  from  it.^ — The  actions  per- 
formed by  many  newborn  animals  do  not  constitute  any  valid  objection  to 
the  view  that  such  visual  perceptions  are  for  the  most  part  acquired  by  Man ; 
for  all  that  is  indicated  by  them  is,  that  certain  sensations  give  rise  to  move- 
ments adapted  to  supply  the  wants  to  which  they  relate ;  and  they  do  not 
afibrd  any  proof  that  dennite  notions,  such  as  we  entertain,  of  the  forms  and 
properties  of  external  objects,  are  possessed  by  the  animals  which  exhibit 
them. — We  shall  now  examine,  a  little  more  in  detail,  into  the  means  by 
which  we  gain  such  notions,  and  the  data  on  which  they  are  founded. 

620.  The  first  point  to  be  determined,  is  one  which  has  been  a  fruitful 
source  of  discussion, — the  cause  of  erect  vision,  the  picture  upon  the  retina 
being  inverted  ;  and  with  this  is  connected  the  general  question  of  the  origin 
of  our  Sense  of  Direction. — The  difficulty  which  has  been  raised  in  regard  to. 
the  former  subject,  is  rather  apparent  than  real ;  being  founded  on  an  errone- 
ous notion  of  the  nature  of  the  Visual  sense.  For  it  seems  to  have  been 
supposed  that  we  look  at  the  retinal  picture  with  the  "mind's  eye,"  just  as 

*  The  question  has  boen  proposed,  whether  a  person  born  blind,  who  was  able  by 
the  fleii»tt  of  Touch  to  distinguish  a  cube  from  a  Kplieru,  would,  on  suddenly  obtain- 
ing his  Sight,  bu  ablo  to  di^tinguii^h  them  by  the  lutter  sen.so.  This  que!»tion  was 
answered  by  Locke  in  the  negative ;  and,  as  aj)pearB  I'rom  the  facts  above  stated,  with 
Justice. 

49 
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we  look  at  the  picture  formed  by  a  Camera  with  the  bodily  eye;  aod  that 
our  consciousness  must  be  therefbre  impressed  by  its  di&cordauce  with  the 
information  which  we  receive  through  our  fiense  of  Touch,  Some  pbilaio- 
phers,  indeed,  have  actually  gone  so  fur  as  to  a&sert  that  the  Infant  miiat  %i 
nr«t  see  everything  inverted,  and  that  the  ereetness  of  vii^ual  objects  ia  only 
learned  by  the  corrective  experience  gained  by  touching  and  handling  tbero. 
But  auch  is  clearly  ni-^t  the  case;  for  the  visual  perception  h  obviously  oot  a 
mere  trajutfer  of  tne  sensorial  impre^ion,  but  is  a  mental  state  txcii^d  %  t^^ 
and  therefore  related  to  it  m  an  effect  to  its  cause ;  and  we  kuow  no  reason 
why  it  should  be  km  natttral  for  the  retina!  picture  to  mffg^i  to  the  mind  the 
notion  of  ered  position,  than  for  it  to  have  the  contrary  effect.  Moreover,  it 
will  appear  from  inva-tigatione  to  be  hereAfter  detailed  (§  635),  that  there  li 
in  the  eye  a  common  *' centre  of  direction/'  through  which  all  lin^  must 
nam,  tliat  are  drawn  from  any  points  of  an  external  objex-t  to  the  correspond- 
ing points  of  ita  retinal  image  ;*  and  that  we  immediately  refer  the  canse  of 
the  excitation  of  any  spot  of  the  retina  by  a  lumiuoua  impression^  to  an 
objective  source  in  the  "line  of  direction '*  which  passes  from  that  sp>t 
thrcjugh  the  centre  of  direction  ;  so  that,  in  virtue  of  this  **  law  of  visitik 
directioo/'  as  all  the  lines  of  direction  cross  each  other  both  vertically  and 
laterally,  the  formation  of  an  inverted  image  upon  our  retina  suggests  to  our 
mindd  the  representation  of  the  object  in  its  erect  position,  and  the  same  re- 
versal takes  place  also  in  regard  to  its  two  sides,  which  are  transposed  in  the 
retinal  picture.  A  peculiar  arrangement  of  the  receptive  apparatujf,  which 
aeems^  to  be  subservient  to  this  mental  appreciation  of  direction^  has  been 
already  noticed  (§615). 

621.  The  cause  of  Single  Fwian  with  the  fwa  Etjes  has,  in  like  manner,  beea 
the  subject  of  much  diacuss^ion  ;  and  here,  too,  the  difficulty  is  rather  appar^ 
@nt  than  real,  having  for  its  foundation  the  idea  that  the  mind  looks  at  the 
two  retinal  pictures  as  at  two  separate  objects,  instead  of  being  impressed  by 
a  certain  stale  of  the  Seusorium»  which  may  be  excited  through  the  iustni- 
mentality  of  either  eye,  or  through  that  of  both  in  combination.  Some 
have  even  asserted,  under  the  influence  of  thb  idea,  that  we  do  not  really 
employ  both  eyes  simiUtaneons^ly,  but  that  the  mind  is  affected  by  the  imag^ 
communicate*!  by  one  only;  which  might  seem  to  be  confirmed  by  the  fact 
suffieieutly  well  ascertained  respecting  the  alternate  use  of  the  two  ey««i 
when  they  are  looking  through  two  differently-colored  media.  But  of  thte 
assertion  a  complete  disproof  is  afforded  by  the  knowledge  we  now  poeiill 
(§  623),  tliat  our  appreciation  of  the  solitl  forms  of  bodies  depends  on  the  com- 
bination %  the  Mlna.^  of  the  images  simultaneously  suggested  by  the  two  pic- 
tures; and  that  our  knowledge  of  distances  is  in  great  part  obtained  in  lika 
inauuer. — Attempts  have  been  made  to  explaiu  the  phenomena  of  Singld 
Vision  by  the  i^eculiar  decussation  of  the  Optic  Nerves  formerly  de^Tibed 
(§  51JK) ;  it  being  sup[Mised  that  only  one  Optic  Ganglion  would  b^  affected 
by  an  impression  made  upoQ  bath  lUtinse**    This   explanation,  however, 

1  With  r*^giird  to  the  precise  tituntion  of  this  ^*eentre  of  direction/'  thure  is  a  wint 
of  Hct-iirdaiicij  Htnong  ihuae  who  hnve  iiUempLed  todetermme  U;  £^ini«  h»iviri|:  pkc^ 
it  Lti  tbv  centre  of  tho  pur>i1,  others  in  th«  centra  of  the  cry atjiJ line  lens,  otht^rt  il 
various  diBtAnce«  between  thi*  iind  the  centre  of  the  globe,  and  oth**r^  (among  th«in 
Sir  D»  Brew§ter)  in  the  centre  of  the  globp.  This  last  notion,  with  the  *'  1*iw  of  TiiS- 
hle  diret'tion  "  founded  upi>ri  It.^which  affirms  that  ev^ry  object  ia  «een  in  the  direc- 
tion of  ibM  perpendicubr  (or  rttdiua)  to  ev*?ry  point  of  the  retina  which  U  ifnpr«ii#id 
— iaso  munifeftly  wrong,  that  it  ia  difficult  to  conceive  how  il  couM  evtr  hav<?  bteo 
entertton^d  hy  nicftt  of  ^cM^nce.  The  e£i>erinii*ntA)  invcsttgattons  of  Lbtint[  iudicatt 
a  p«iint  ntmr  the  centre  of  the  cry etal tine  as  the  ** centre  ol  direeti+*u  **  fj  6410), 

'  Tbij  decussation  seem»  to  be  even  more  complete  than  wni  rorm*trly  »uppufi*d,  for 
in  rariouft  experiments  made  by  Dr,  Waller  upon  the  eflVtiti  of  aectivn  of  otio  optio 
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even  siipposicg  th€  fact  to  be  as  stated,  woultJ  be  fer  from  aflbrdiwg  the  solu- 
tiati  of  the  prubkra  ;  and  it  would  be  entirely  inapplicable  to  that  very  im- 
portant series  of  phenomena  to  be  next  described,  which  show  how  large  an 
amount  of  information  we  derive^  not  irom  the  r^ipetifwti^  but  from  the  differ- 
cnce^  of  the  sensory  impressions  made  by  the  same  object  upon  our  two  retinae; 
and  which  indicate  that  he  re  ^  as  in  the  case  of  erect  vision,  the  mental  inter- 
pretation  of  the  sensory  impressions  is  a  process  altogether  removed  from  the 
simple  affection  of  the  coDsciouaness  by  tho^  impressions,  and  is  not  to  be 
accounted  for  by  any  structural  arrangements  of  the  Sensorial  apparatus* 
One  condition  of  single  Vision,  however,  seems  to  be  this,  that  the  two 
images  of  the  object  should  be  fV>rraed  ou  parts  of  the  two  retime  which  are 
aetttMnmrd  to  act  in  concert;  and  A o^i^  appears  to  be  the  chief  means  by 
which  this  ci^nformity  m  produced.  There  can  be  no  doubt,  however,  that 
double  images  arc  continually  being  conveyed  to  the  Sensorium  ;  but  that, 
from  their  want  of  force  and  clistinctness,  and  from  the  attention  being  fixed 
on  something  else,  we  do  not  take  cogniatance  of  them,  Tbia  may  be  shown 
by  a  very  simple  experiment.  If  two  fingers  be  hehl  up  before  the  eyes,  one 
in  front  of  the  other,  and  vision  be  directed  to  the  more  distant,  so  that  it  is 
seen  singly,  the  nearer  will  appear  double;  while,  if  the  nearer  one  be  re- 
garded more  particularly,  &o  as  to  appear  single,  the  more  distant  will  be 
seen  double.  A  little  consideration  will  show,  therefore,  that  our  minds 
must  be  thus  continually  affected  with  sensations,  which  cannot  be  united 
into  the  idea  of  a  single  image;  since,  whenever  we  direct  the  axes  of  OUF 
eyes  towards  any  object,  almost  everything  else  will  be  represented  to  us  aa 
double;  but  we  do  not  onltuarily  perceive  this,  from  our  minds  being  fixed 
upon  a  clear  and  distinct  image,  and  dis^regarding,  therefore,  the  \mgue  un- 
defineil  imager  formed  by  obieet«  not  in  the  vmual  focus.  Of  thi?*  it  is  very 
easy  to  satisfy  one*s  seff  It  has  lieen  found  by  Gehler,  J,  Miiller,  and 
others,  that  those  objects  which  do  not  appear  double  when  a  given  point  is 
fixedly  regarded  are  situated  in  a  certain  circular  line,  termed  the  Horopter, 
of  which  the  chord  is  formeil  by  the  distance  between  the  eyes,  whilst  the 
magnitude  of  the  circle  is  determined  by  three  points,  namely,  by  the  two 
eyes  and  the  point  towards  which  their  axes  converge.  Prof.  HelmhoUz, 
however,  considers  that  generally  the  Horopter  is  a  line  of  double  curvature, 
produceil  by  the  intersection  of  two  hyperboloids,  or  exceptionally,  of  two 
plane  curves;  and  that  when  we  look  straight  forward  to  a  point  of  the 
horizon,  the  Horopter  becomes*  a  horizontal  plane  passing  through  our  feet — 
being,  in  fact,  the  ground  on  which  we  are  standing.  The  form  and  situa- 
tion of  the  Horopter  appear  to  be  of  great  practical  importance  in  enabling 
us  to  judge  with  accuracy  of  the  shape  and  distance  of  those  objects  which 
are  situated  to  it/ — ^The  above  experiment,  moreover,  makcfi  it  evident  that 

atrve,  it  vii  found  that  the  Optie  Tract  upun  the  sfiitie  aide  as  the  1e.«ion,  showod  no 
■igni  of  dpj;«nHratitin,  whiUt  that  of  the  cppfio^ite  aide  ^cnm  underwent  dieorganixii- 
tinn  with  llje  exreption  of  a  ft- w  stmnde  on  the  in  nor  and  pfjateruip  Mpeet;  thui 
ciiuntcnaticing  the  opinion  Ihitt  there  nrecommissurttl  flbrtis  pus^fllng  between  the  cor- 
pora quiidrigeminn  cjf  iht*  two  sides,  but  nogniiving  the  liew  that  some  of  the  fibre* 
fnmi  i^ach  reiinu  run  to  the  corjMirft  qundrigemina  on  their  own  side*  Dr*  Waller  is 
Inclined  to  tlilnk^  therefore,  thftt  the  decussation  le  complete.  It  ia  importnnt  to 
otmt^rve,  ihut  in  these  eiperimenia  the  anterior  portion  of  the  divided  nerve,  with  the 
retinal  etement*,  rcmtiiiied  unchanged  fur  nmnj  week*.  See  Proceeding*  of  the 
Riiyal  Sodety,  toL  Ttii.  On  the  other  hand*  the  reader  may  refer  to  some  cnrioui 
e*i«ea  of  partial  Amatiro»ia  recorded  by  Mr.  Tt*wne  m  ihe  Guy*a  Hospital  Report*  for 

1  See  31uller's  Physiology,  trani^kted  by  Dr.  Bftly,  vol.  ii,p.  1196;  also  the  Cro^in- 
i»in  L*'ekirt^  for  1864,  delivered  before  the  Rnyal  3oci(*tT,  hy  Professor  Helriihollz,  in 
vol  liii  of  the  Proceedings  of  the  Royal  Society,  and  Dr.  H.  Kaiser,  in  Archiv  f. 
Ophth.,  Bd,  XV  f  186y,  p,  75.     Dr.  Kaiaer^  who  hiu  treated  the  iubiect  tKvtA^vve-eNVs^ 
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double  vision  cannot  result  from  want  of  ^tpnmehy  in  the  position  of  the 
images  upon  the  retina,  to  which  some  have  attributed  it ;  for  it  an*wiiii& 
eqnaiiy  well,  if  the  line  of  the  two  fingers  be  precLjely  in  front  of  the  dobb, 
80  that  the  inclbalion  of  both  eyes  towards  either  object  is  etjual ;  the  posi- 
tion of  the  images  of  the  second  object  must  then  be  at  the  same  distance 
on  either  side  from  the  central  line  of  the  retina,  and  ^et  they  are  repre- 
sented to  the  mind  as  double.  Hence,  too,  it  eeem^  clear  that  singleness  of 
vision  iu  an  object  that  h  looked  at^  is  also  dependent  in  part  upon  the  con- 
vergence of  the  optic  f?j;^#  in  that  object  (§  613) ;  and  that  this  is  the  eaae 
appears  further  from  a  cnriouii  experiment  devised  by  Prof  Wheatstone^  in 
which  two  similar  objects  are  made  to  seem  as  one,  when  they  are  placed  in 
the  line  of  convergence.  This  is  accomplished  by  looking  through  two 
tubes,  placed  before  the  right  and  left  eyes  respectively,  at  two  similar 
objects  of  any  description,  placed  near  the  farther  extremities  of  the  tul>efl; 
if,  now,  these  objects  be  slightly  approsi mated »  so  that  the  axes  of  the  tubes 
(still  directed  towards  them)  meet  in  a  point  beyondj  the  mind  is  impre^^sed 
with  the  image  of  only  a  single  object,  and  this  appears  to  be  removed  back 
to  the  point  of  convergence, 

622,  On  the  mode  in  which  our  notion  of  the  solid  for tm  and  relative  pro- 
jection of  objects  is  acquired,  great  liLdit  has  been  thmwn  by  the  interesting 
e X  pe ri m en ts  0 f  Pro fessor  W  heat st  one. '  1 1  see ms  pe rfectl y  e v  iden t,  bot h  from 
reason  and  experience,  that  the  flat  picture  njmn  the  retina,  which  is  the 
immediate  source  of  our  sensation,  could  not  itself  convey  to  our  minds  any 
notion  but  that  of  a  corresponding  plane  surfuce.  In  fact»  any  notion  of 
aoltdiiy^  which  might  be  formed  by  a  person  who  bad  never  had  the  use  of 
Dioi-e  than  one  eye,  would  entirely  de}>end  upon  the  en mbi nation  of  his  visual 
and  tactile  sensations.  This  view  is  fnlly  confirmed  by  the  case  already  re- 
ferred to  (S  619 J,  as  recorded  by  Cheselden,  The  first  visnal  idea  entertaiued 
by  the  vonth  was,  that  the  objects  aronml  him  formed  a  fiat  Hudace,  which 
touehe(f  his  eyes,  as  they  had  previously  been  in  contact  with  his  hands; 
and  after  this  notion  had  been  corrected,  through  the  education  of  his  sight 
by  his  touch,  he  fell  into  the  converse  error  of  supposing  that  a  pielnre, 
which  was  shown  to  him,  was  the  object  itself  represented  iu  relief  on  a 
sma!l  scale.— But  where  both  eyes  are  employed,  it  has  been  ascertained  bv 
Professor  Wheatstone,  that  they  concur  in  exciting  the  perception  of  f^lidity 
or  projection,  which  arises  from  the  mental  combinatiou  of  the  two  diinimUar 
pictures  formed  upon  the  two  retlnne.  It  is  easily  shown,  that  any  near  ob* 
ject  is  seen  iu  two  different  modes  by  the  two  eyes,  Thinj  let  the  reader 
hold  np  a  thin  book,  in  such  a  manner  that  its  back  shall  be  exactl  v  in  front 
of  his  nose,  and  at  a  moderate  distance  from  it ;  he  will  oliserve  by  clo^lDg 
first  one  eye  and  then  the  other,  that  bis  perspective  view  of  it  (or  the  man* 
ner  in  which  he  would  represent  it  on  a  plane  surface)  is  very  dififerttil,  m> 


£Ule»  thnt  the  inl«rior  ^y^t^Mu  of  thf5  Hpropler  is  tifi  hyperbole  ot  tsqunl  dtmensJom 
Ibr  eauli  eyes ;  imc  of  thp  nidii  of  which  passes  thruugh  the  fuven  contmUs  mid  ntvef 
paflt4ii  through  tUp  pimcliirn  ea'Ciiin  ;  Ita  Buionilt  b  fuiiiid  Hi  the  Md«-'  *.tf  th<*  fovm.  Th(* 
rcftlaiLC}  hnvG  tho  same  tinglei  between  them  as  ttint  of  th«  two  retiiiRt  burttons;  ihnr 
ineHfiation  on  ihh  dues  not  diffi^r  niucb  from  half  a  righl  angle*  In  indiviilimi  en*** 
it  iti  found  that  for  »  point  of  flsalion  aiiuoied  at  an  infinite  distance  the  UoropUr 
beeomca  a  apheriual  hi r face  with  an  intlnltu  raditi^.  Thus  in  looking  at  a  slur  ail  ifee 
itar^  are  found  on  the  Boruptnr.  For  a  point  of  fiinlion  situated  In  the  pHniarir 
poflitbn  of  the  retinMl  plimu  iho  Horoptfir  become*  reduced  to  a  circle,  the  circle  o( 
the  Horopter  of  Mtiller  pn^sintf  tiirnui;h  th^t?  centre  of  each  globe  and  th«  fli<?*l  fxiinL 
For  a  point  of  Sxaiion  iiituatcd  in  the  media i>  pLani^,  the  IL*ropCar  h  an  f^Uipse  iitu* 
ated  in  a  plane  which  bisects  Ibe  anf^le  formed  by  tbi»  vietial  pUue  and  the  primarj 
position. 
'  Philofophical  Transactiona,  1838  and  1852. 
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oording  to  the  eye  with  which  he  sees.  it.    With  the  right  eve  he  will  see  its 
right  side,  very  much  foreshortened  ;    with  the  left  he  will  gain  a  corre- 

SondiDg  view  of  the  left  side ;  and  the  apparent  angles,  and  the  lengths  of 
e  diflereut  lines,  will  be  found  to  be  very  different  in  the  two  views.  On 
looking  at  either  of  these  views  singly,  no  other  notion  of  solidity  can  be 
acquired  from  it,  than  that  to  which  the  mind  is  conducted,  by  the  associa- 
tion of  such  a  view  with  the  touch  of  the  object  which  it  represents.  But  it 
is  capable  of  proof,  that  the  mental  association  of  the  different  pictures  upon 
the  two  retinoe,  does  of  itself  give  rise  to  the  idea  of  solidity.  This  proof  is 
affiurded  by  Professor  Wheatstone's  ingenious  instrument,  the  Stereoscope, 
fint  described  by  him  in  1838.' 

623.  The  Stereaaeope  in  its  original  form  essentially  consists  of  two  plane 
mirrors,  inclined  with  their  backs  to  one  another,  at  an  angle  of  90°.  If 
two  perspective  drawings  of  any  solid  object,  as  seen  at  a  given  distance  with 
the  two  eyes  respectively,  such  as  those  at  a  and  b,  Fig.  272,  be  so  placed 
before  these  mirrors,  one  before  each,  that  their  two  images  shall  be  made  to 
&11  upon  the  corresponding  parts  of  the  two  retinae,  in  the  same  manner  as 
the  two  images  formed  by  the  solid  object  itself  would  have  done,  the  mind 
will  perceive,  not  a  single  representation  of  the  object,  nor  a  confused  blend- 
ing of  the  two,  but  a  projecting  or  receding  surface,  the  exact  counterpart 
of  that  from  which  the  drawings  were  made.'    The  solid  form  is  forcibly 

Fio.  272. 


^  on  the  mind,  even  when  outlines  only  are  given,  especiallv  if  these 

be  delineations  of  simple  geometrical  figures,  easily  suggested  to  tlie  mind  ; 
and  it  may  be  readily  shown  that  the  very  same  outline  will  suggest  differ- 
ent conceptions,  according  to  the  mode  in  which  they  are  placed.     Thus  in 

'  Various  modifications  of  this  instrument  have  been  subsequently  introduced; 
■nd  there  is  one  which  hiis  come  into  very  extensive  use,  in  which  the  two  monocular 
pictures  placed  side  by  side,  as  in  Fi^s  272,  273,  are  viewed  hy  the  two  eyes  respec- 
tively through  two  halves  of  a  convex  len.H.  The  f^reat  advantage  of  this  instrument 
b  iti  portability,  and  itj»  enlargement  of  the  pictures  by  the  magnifying  power  of  the 
lenses;  but  it  is  limited  to  picturet*  of  small  size,  nince  the  distance  between  corre- 
Iponding  points  of  the  two  pictures  mu.«t  not  exceed  the  distance  bi'tween  the  centres 
of  the  two  eyes ;  and  it  is  incapable  of  many  udaptations  which  can  be  made  with 
the  mirror-stereoscope.  In  the  Stereo monoscope  of  Claudet  the  idea  of  relief  is  ob- 
tained by  looking  with  both  eyes  at  onee  on  a  ground  glass  plate  at  the  imago  pre- 
duoHi  by  the  coalescence  of  the  two  images  of  a  6tereosc»)pic  slide,  each  refracted  by 
ft  s«*pArate  lens.     (Sec  Proce<*d.  of  Ki>yal  Society,  vol.  ix,  1857-59,  p.  194.) 

'  The  most  striking  effect  is  produc(>d  by  two  Photographic  pictures,  taken  at  the 
Mme  time  by  two  camera.^,  so  placed  that  their  axes  shall  form  the  same  angle  with 
Mch  other  as  that  which  the  axes  of  the  two  eyes  would  form  when  looking  at  the 
lame  object.  This  adaptatif>n,  though  the  credit  has  been  assumed  by  others,  was 
originally  devised  by  Prof.  Wheatstone. 
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Fig.  273»  the  upper  part  of  figures  A,  b,  wbeu  combined  in  the  St*freii5Cope» 
excite  the  idea  of  a  projecting  tnmcated  pTffltnid,  with  the  small  ^ua re  m 
ike  centre  f  and  the  four  sidee  slopiDg  equally  away  from  it ;  whibt  the  toiror 
pair  of  figures,  c,  D,  which  are  the  same  as  the  upper,  but  trausferrod  to  the 
opposite  sides,  no  less  vividly  bring  before  the  miud  the  visual  eone^ptioa 
of  a  rccedtVt^  pyramid^  still  with  the  small  square  in  the  centre,  and  the  four 
sides  sloping  equally  toimrda  it. — Profe^or  Wheatstone  has  further  siiowi3« 
by  means  of  the  Stereoscope,  that  similar  images,  differing  to  a  certain  es- 
tend  in  magnitude^  when  presented  to  the  corresponding  parts  of  the  lw0 
retinffi,  give  rise  to  the  perception  of  a  single  object,  intermediate  in  ftiae 
between  the  two  monocular  pictures.  Were  it  not  for  ihis^  objeclii  would 
appear  single  only  when  at  an  eoual  distance  from  both  eyes^^  so  that  their 
pictures  upon  the  retinae  are  of  the  same  size  ;  which  wili  not  happen  unteat 
they  are  directly  in  front  of  the  mediau  line  of  the  face.    Again,  if  picturet 

of  dissimilar  objects  be  simulto- 
Fif*-  ^"3-  neo  usl  y  p  resen  t  ed  to  1 1  le  t  w  o  eyeij 

the  consequence  wilJ  be  eiiuilar 
to  that  which  is  experienced 
when  the  mja  come  to  the  eye 
through  two  diflerenily  colored 
media;  the  two  images  do  not 
coalesce,  nor  do  they  appejir  per^ 
manently  superposed  one  upon 
the  other;  but  at  one  lime  one 
image  predominates  to  the  exclu- 
sion of  the  other,  and  tlien  the 
other  is  seen  alone ;  and  it  is 
only  at  the  moment  of  chauge 
that  the  two  seem  to  be  inter- 
mingled. It  does  not  ap|>ear  to 
be  in  the  power  of  the  Will, 
Professior  Wheatstone  remarks,  to  determine  the  appearance  of  either;  but 
if  one  picture  be  more  illuminated  than  the  other,  it  will  be  seen  during  m 
larger  portion  of  the  time.  If,  however,  the  differences  in  the  two  pictures 
be  such  that  the  Mind  can  reconcile  them,  an  intenntdiate  conception  la 
formed;  thus  if  two  photo^^raphic  portraits  be  taken  at  the  proper  angle  for 
the  Stereoseoije,  not  simultaneously  but  consecutively,  and  the  ^'sitter"  alter 
his  ejjpressiou  in  the  interval,  so  that  one  nf  the  portraits  repre?eDts  him 
with  a  smile,  and  the  other  with  a  frown,  the  Stereoscopic  image  will  present 
au  intermediate  expression  of  placidity .^Many  other  curious  estpenmenti 
with  this  siriTple  instruiijeut  are  related  by  Professor  Wheatstone ;  and  they 
will  go  to  confirm  the  general  conclusion,  that  the  combination  of  the  die- 
gimilar  images  furnished  by  the  two  eyes  is  a  mental  act,  the  resultant  of 
which,  in  the  ease  of  all  objects  that  are  near  enough  to  be  seen  in  different 
perspective  with  the  two  eyeB,  is  a  mental  image  (referred  to  the  visual 
sense)  possessing  the  attributes  of  solidity  and  projection.  In  regard  to 
distant  objects,  however,  the  difference  in  the  images  formed  by  the  two  eyes 
is  so  slight  that  it  cannot  aid  in  the  determination  ;  and  hence  it  is,  that 
whilst  we  have  no  difficulty  in  dis^tioguifibing  a  picture,  however  well  painted, 
from  a  solid  object,  when  placed  near  our  eyes  (since  the  idea  which  might 
he  suggested  by  the  image  formed  on  one  eye  will  then  be  corrected  by  the 
otherV  we  are  very  liable  to  be  misled  by  a  delineation  in  which  the  pt^ 


K 

^  It  ii  a  remnrkabte  illustration  Qf  this  prmelpl^,  thni  a  photograph te  r«pr«it]itA* 
tion  of  n  Inudeciipe,  building,  etc.,  when  viewed  wUb  one  i^e  at  a  moderate  4»lftiK«, 
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spective,  light  and  shade,  etc.,  are  faithfully  depicted,  if  we  are  placed  at  a 
aistance  from  it,  and  are  prevented  from  perceiving  that  it  is  but  a  picture.^ 
In  this  case,  however,  a  slight  movement  of  the  head  is  sufficient  to  unde- 
ceive us;  since  by  this  movement  a  great  change  would  be  occasioned  in  the 
perspective  view  of  the  object,  supposing  it  to  possess  an  uneven  surface ; 
whilst  it  scarcely  affects  the  image  formed  by  a  i>icture.  In  the  same  man- 
ner, a  person  who  only  possesses  one  eye,  may  obtain,  by  a  slight  motion  of 
his  head,  the  same  idea  of  the  form  of  a  body  which  another  would  acquire 
bj  the  simultaneous  use  of  his  two  eyes.' 

624.  Our  appreciation  of  the  relative  Distances  of  near  objects  seems  to  be 
derived  in  like  manner  from  the  mental  combination  of  the  perceptions  de- 
rived from  the  dissimilar  pictures  upon  the  two  retinue,  assisted  by  the  sensa- 
tions derived  from  the  muscles  of  the  eyeballs,  which  are  put  in  action  to 
bring  the  optic  axes  into  the  requisite  convergence.  How  much  our  right 
estimation  of  the  relative  distances  of  objects  not  too  far  remove<i  from  the 
eye,  depends  upon  the  joint  use  of  both  eyes,  is  made  evident  by  the  fact, 
that,  if  we  close  one  eye,  we  find  ourselves  unable  to  execute  with  certainty 
many  actions  (such  as  threading  a  needle,  or  snuffing  a  candle)  which  re- 

Suire  its  guidance.  In  proportion  as  the  object  is  approximated  to  the  eyes, 
ight  differences  of  distance  produce  marked  differences  in  the  degree  of 
convergence,  and  these  are  readily  appreciated  so  as  to  afford  the  means  of 
very  nice  discrimination ;  whilst,  on  the  other  hand,  in  proportion  as  they 
are  removed  further  and  further,  do  the  optic  axes  approach  paniUelism, 
and  the  power  of  appreciating  differences  of  distance  is  lost.  It  is  the  usual 
opinion  that  the  muscular  sensation  which  accompanies  the  inclination  of 
the  optic  axes,  immediately  suggests  the  notion  of  the  distance  of  an  object ; 
and  that  our  appreciation  of  its  size  depends  upon  a  secondary  interpretation 
of  the  magnituae  of  its  picture  on  the  retina,  on  the  basis  of  this  notion. 
But  it  would  appear  from  the  experiments  of  Prof  Wheatstone,  that  the 
reverse  is  the  case ;  the  sensation  of  convergence  assisting  in  the  first  in- 
stance to  determine  the  size,  and  the  appreciation  of  distance  being  a 
secoudarv  judgment  based  on  this  foundation  (§  627). — The  power  of  esti- 
mating (fistance  from  the  foregoing  data,  however,  is  obviously,  in  Man,  not 
an  intuitive  but  an  acquired  endowment ;  for  it  is  evi<ient  to  any  obsforver, 
that  infants,  or  older  persons  who  have  but  recently  acquired  sight,  form 
very  imperfect  ideas  respecting  the  distance  of  objects;  their  attempts  to 
grasp  bodies  which  attract  their  attention  being  for  a  long  time  unsuccessful, 
io  that  they  only  gradually  learn  to  measure  distances  by  the  sight,  through 
the  medium  of  the  touch.  And  it  seems  to  follow  from  this,  that  even  the 
notion  of  "  projection,"  which  we  seem  necessarily  to  form  when  looking  at 
a  solid  object  within  a  moderate  distance,  or  at  a  properly  adjusted  i)air  of 
Stereoscopic  pictures,  is  not  derived  from  an  original  intuition,  but  is  the  re- 
mit of  the  association  of  our  visual  with  our  tactile  experience,  very  early  in 
life,  so  as  to  constitute  a  "secondary  intuition"  on  which  all  our  subsequent 
appreciation  of  projection  is  based. 

frequently  brinps  the  real  pccno  fur  more  forcibly  before  the  mental  vision  than 
when  it  is  looked  at  with  both  oyo«:  since,  in  the  Utter  case,  the  mind  cannot  avoid 
perceiving  the  flatneHR  of  it>«  surface;  whilst  in  the  former,  the  perspi-etive,  and  the 
dutribution  of  the  Hj;hl«  and  shadows,  are  free  to  suggest  to  the  mind  the  relative 
distance?  and  projections  of  the  several  parts. 

'  This  delusion  has  been  extremely  comf>lete,  in  sonn^  of  those  who  hnve  s«M'n  the 
panoramic  view  of  London  in  the  Colo>!jeiim.  A  lively  and  interesting  account  of 
It  is  given  in  the  Journal  of  the  Pa^^ee  Shipbuilders,  who  visited  England  some 
yenrs  ago. 

'  For  many  interesting  experiments  with  the  stereoscope,  see  Mr.  T.  Towoo  in 
Gay's  Hospital  Reports,  for  1862  and  18G3. 
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625»  In  regard  to  remok  objects,  our  judgement  of  Distance  h  chiefi? 
founded  upon  their  apparene  size,  if  their  actual  size  be  known  to  o? ;  but, 
if  this  be  not  the  case,  and  if  we  are  so  situated  that  we  cannot  jndge  of  the 
intervening  space,  we  principally  f<irm  our  estimate  from  that  effect  of  dif- 
ferent degrees  of  remotenesa  upon  the  distinetnesa  of  their  color  and  nutltcie^ 
which  is  known  to  Artists  as  *' aerial  perspective."  Hence  this  estimate  ii 
liable  to  be  greatly  affected  by  varying  stat^  of  the  atmosphere,  as  is  par- 
ticularly known  {a}  every  one  who  has  visited  warmer  climates;  where  the 
extreme  dearnejii*  of  the  air  sometimes  brings  into  apparently  near  proxiraiiy 
a  hill  that  rises  some  miles  beyond  a  neighboring  ridge  (the intervening  spaci 
being  hidden,  m  an  not  to  afford  any  datum  for  the  estimate  of  the  distance 
of  the  remote  hill),  whilst  a  slight  hazincf^s  carries  its  apparent  distance  to 
three  or  four  times  the  reality.  Additional  means  of  judging  of  the  diitance 
of  remote  objects  pointed  out  by  Aubert/  are  found  in  their  parallax  or  ap- 
parent change  of  place^  on  the  alteration  of  our  own  position  with  regard  to 
them»  and  in  the  rate  of  movement,  both  al>iK>lute  and  relative^  of  the  objects 
themselves,  if  they  happen  to  be  in  motion- 

626,  Our  estimate  of  the  Size  of  a  remote  object  is  partly  dependent  upon 
the  vimini  angle  under  which  we  see  it^  and  partly  upon  our  estimate  of  il* 
ilUifsnre,^  The  "visual  angle,"  formed  by  imaginary  lin^  drawn  from  th^ 
eye  ( Fig.  274,  A )  to  the  extreme  points,  B,  c,  of  the  object,  i»  the  measure  of 
the  dimension  of  its  image  upon  the  retina  ;  and  it  is  obvious  that,  if  two  ob- 
jects, B  c,  D  E,  the  former  twice  the  length  of  the  latter,  be  placed  at  the 
same  distance,  the  visual  angle  bag  being  twice  as  great  m  the  angle  DAE, 
the  inm£re  of  B  c  upon  the  retina  will  be  twice  as  long  as  that  of  B  E,  and  the 
mind  will  estimate  their  relative  sizes  accordingly.  But  if  the  distance  of 
the  object  l)  B  from  the  eye  be  diminished  to  one-half,  so  that  it  is  broughi 
into  the  position  F  g,  its  visual  angle,  and  couseijuently  the  size  of  its  image 
on  the  retina,  will  now  be  equal  to  that  of  b  c;  and  the  ^timate  we  form  of 
the  relative  sizes  of  the  two,  will  entirely  depend  upon  the  idea  we  entertain 
of  their  relative  distances.  Hence  any  circumsiitance  which  modifies  that 
idea,  produces  a  corresponding  difference  in  our  estimate  of  their  ai^;  m 
that  the  apparent  mm  of  an  object,  seen  under  a  given  visual  angle,  may  be 
estimated  as  larger  or  smaller  than  the  reality,  acc^jrcling  as  we  stuppose  it  to 
be  more  or  less  distant  than  it  really  is.  Of  this  we  have  a  familiar  instance 
in  the  fact,  that  if  we  meet  a  child  whils^t  we  are  walking  across  a  common 
in  a  fog  (the  flatness  of  the  ground  not  giving  us  much  power  of  estimating 
the  intervening  ei>ace),  it  apfjear^  to  have  the  stature  of  a  man,  and  a  man 
seems  like  a  giant;  for  the  indiRtlnctness  of  outline  causes  the  mind  to  eoa- 
ceive  of  the  figures  as  at  a  greater  distance  than  they  really  are,  and  their 
apparent  dimensions  are  augmented  in  like  proportion.  For  if  the  object 
p  o  (Fig.  274 )  he  menitdfy  mrried  hack  to  the  distance  of  n  e,  being  still  men 
under  the  visual  angle  F  A  o  (or  B  A  c),  it  will  appear  to  possess  the  length 
B  c  instead  of  u  E.  On  the  other  hand,  if  the  object  H  c  were  to  be  mmdmh 
hrnufjht  fortmnl  into  a  position  K  L,  its  apparent  size  beiuff  still  detormined 
by  its  visual  angle,  it  will  seem  to  be  reduced  to  the  length  p  g.  That  our 
estimate  of  the  Si^e  of  near  objects,  however,  depends  upon  a  more  diT^ 


i  PhyMologJe  der  Netsshftut,  18«4,  p.  17 

'  Whpn  ohjof'ts  lire  su  rL'onttfl  tUul  wo  hav^  no  meanii  nf  ^ven  approxlomlety  eiti- 
miitincf  tlioir  {ftJifftnct,  w?  have  no  mtm^uro  whHti*ver  of  their  *i»«.  Thus,  the  Sun  •cd 
th^  Miifin  nrpf  of  neuHy  tbe  same  m pjMi rent  iiza  to  ii«,  thout^h  one  i*  Mbi>iii  Taur  byiidr«<(l 
liiTitfs  the  ilUtJince  «f  tb<s  other  i  «nd  w?j  mny  cover  eitli*?r  d'uk  writh  ii  tixpnnoc  held 
noar  thf>  vyi\  4o  as  to  be  &©en  under  the  *ame  vUual  nngle ;  but  wp  do  not  j»4>«««m  Iht 
lenat  power  nf  e«tirnjiiing  the  actual  ^isiis  of  tbe^e  obJuctB}  ftuve  b^  a  cuiletiUttoa  bfticd 
on  a  kuqwt^dge  of  tbelr  riaktive  dbtftncoa. 
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process,  seems  to  he  a  neeesi^ary  inference  from  the  following  very  ingenious 
experinietits,  macle  by  Professor  Wheatstone  with  a  niofiificatiou  of  his  Mirror- 
Stereoscope,  devised  for  separately  testing  the  influence  of  the  two  conditions, 
samel y,  the  magnitude  ot  the  retinal  picture  and  the  degree  of  convergence 


Fio.  274, 


^L- 


Am 
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of  the  optic  axes, — which  are  ordinarily  in  action  together.  When  an  ob- 
ject is  moved  nearer  to  or  farther  from  the  eye,  its  percehi^d  or  estimated 
magnitude  undergoes  no  change.  But  if  two  pictures,  placed  in  the  mirror- 
stereoscope,  be  made  to  move  to  and  from  the  mirrors,  in  §uch  a  manner  as 
to  vary  their  dtstunces  from  these  (and  therefore  from  the  eye^),  without 
altering  the  angle  of  convergence,  their  perceived  magnitudes  are  augmented 
and  reduced,  In  precise  proportion  to  Ine  increased  and  diminished  sizes  of 
the  retinal  pictures*  Conversely,  if  the  two  pictures  be  made  so  to  change 
ibeir  place?  in  regard  to  the  mirrors  (by  moving  in  a  horizontal  circle,  of 
which  the  middle  point  between  the  mirrors  is  the  centre),  that  the  un^i^  of 
cofiver^eme  is  Increased  or  diminished,  as  it  would  be  if  the  object  were 
brought  nearer  to  the  eyes  or  removed  farther  from  tbem,  tbe  j)erceived 
magnimde  of  tbe  pictures  is  altered  in  an  inverse  manner;  being  reduced 
when  the  angle  of  convergence  is  increased,  and  increased  when  the  inclina* 
tion  of  the  optic  axes  is  lessened  so  as  to  approach  paralleiism.  Thus  it  ap- 
pears thiit  the  ati^eDce  of  alteration  in  the  perceivea  magnitude  of  an  object 
as  ordinarily  seen  at  varying  distances,  is  the  result  of  the  inverse  action  of 
these  two  kinds  of  suggestion;  for  the  enlargement  of  the  retinal  picture 
when  acting  alone,  occasions  an  increase  in  the  perceived  magnitude,  whilst 
an  Increase  of  convergence,  taking  place  by  itself,  diminishes  the  perceived 
magnitude;  and  thus  as  these  alterations  occur  simultaneously  when  an  oh* 
ject  is  approximated  to  tbe  eye,  its  dimensions  seem  to  undergo  no  change; 
as  will  also  be  tbe  case  when,  by  the  removal  of  the  olijcct  to  a  greater  dk- 
tsnce,  these  conditions  are  again  made  to  vary  simultaueously*  tbough  in  a 
contrary  direction. — It  may  further  be  remarked,  that  in  the  first  of  the  fore- 
going experiments,  the  picture  wbfjse  perceived  magnitude  is  undergoing 
enlargement  or  diminution  in  consequence  of  the  alteration  of  its  retinal 
magnitude,  seems  evidently  to  be  approaching  or  receding;  yet  if  we  fix  our 
attention  on  it  when  it  is  stationary,  at  any  instant,  it  appears  to  be  at  the 
same  distance  at  one  time  as  at  another, — -the  effect  beiug  very  mucK  like 
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that  of  the  Phantusraagoria.  iu  which  the  alteration  iu  the  site  of  the  uiib^ 
on  the  screen  suggests  the  notioo  of  their  approach  or  recession,  alihoLigh  we 
are  quite  senaible  that  the  distance  of  the  screeD  from  our  eyes  rvuiain^  con- 
stantly the  same.  In  the  second  expenraeDt,  on  the  other  hand,  the  picture 
wham*  [lerceived  magnitude  is  undergoing  diminution  or  enlargement  in  con- 
sequence  of  increase  or  lessening  of  the  angle  of  convergence,  doe:i  not  appear 
either  to  approach  or  recede,  and  yet,  when  attentively  re^rded  in  ditfereot 
fixed  positionB,  it  is  felt  to  be  at  different  distance^r  Plence,  m  Profeidor 
Wheatstone  observes,  convergence  of  the  optic  axes  suggests  fixed  distance 
to  the  mind,  whilst  variations  of  retinal  magnitude  suggest  change  of  dis- 
tance;  and,  however  paradoxical  it  may  seem,  "  we  may  perceive  ao  ot^ect 
approach  or  recede,  without  apfiearing  to  change  its  distance,  and  an  abject 
ttj  be  at  a  different  distance  without  appearing  to  approach  or  reeeck."^— A 
like  alteration  in  apparent  m.e  k  produced  when  two  imirs  of  figures  (such 
as  those  given  in  Fig,  27ti),  the  effect  of  one  of  wliich  i^*  to  suggest  a  fmh 
jedin^f  atid  that  of  tne  other  a  receding  form,  are  vieweii  at  the  snnie  time 
in  the  ordinary  Stereoscope,  For  it  will  be  observed  that  the  relative  siie 
of  the  parts  which  appear  to  project  is  reduced,  whilst  that  of  the  apparendf 
receding  parts  is  augmented ;  as  is  particularly  the  case  with  the  ^uare 
truncated  end  of  the  pyramid,  which  is  estimated  by  most  persons  as  from 
one- third  to  oue-lialf  larger  lo  each  of  its  dimensions  in  the  receding,  than 
it  is  in  the  projecting  pyramid,  notwithstanding  that  the  actual  sizes  of  the 
sgiiares  in  tne  two  sets  of  figures  are  precisely  the  same.  For  supposing  H  i 
(Fig*  274)  to  represent  the  real  side  of  one  of  the  small  squares*  which  be- 
comes the  truncated  end  of  the  pyramid  ;  when  this  is  brought  forward  by 
the  mind  into  the  position  K  L,  as  the  truncated  top  of  a  projecting  pyramiJ, 
beiug  seen  under  tne  visual  angle  H  A  i^  its  apparent  aiz^  is  reduced  to  f  G; 
whilst,  on  the  other  hand,  the  very  same  square,  carried  back  by  the  mind 
to  the  distance  D  E,  as  when  it  fornm  the  truncated  end  of  the  receding  pyra* 
mid,  is  mentally  enlarged  to  the  dimensions  B  c%  the  visual  angle  B  A  c:  being 
the  same  as  h  A  i. 

627*  The  large  share  which  the  Mind  has  in  the  interpretation  of  even 
such  visual  impressions  as  seem  to  ns  wcesgariiu  to  induce  particular  p€rw|i- 
tions,  is  further  shown  bv  a  very  remarkable  class  of  pheDomeua,  termed  by 
Professor  Wheat^itone  (their  discoverer)  ConuerfttQm  oj  Eeiief,  The  ^impt^t 
example  of  this  class  is  |>res€nted  by  the  alteration  in  the  visual  product  of 
the  «anie  8tereosoc>pie  pictures,  when  their  positions  are  transpo^d*  Thu* 
the  very  mnie  diagrams,  which  as  placed  in  the  uppr  part  of  Fig*  273, 
bring  before  the  mind's  eve  the  conception  of  a  projecting  pyramid,  when 
changed  to  the  position  which  they  occupy  in  the  lower  part  of  that  figUfe, 
call  up  the  image  of  a  receding  pyramid.  And  a  corre8|)oudiug  efiect  if 
produced  by  the  reversal  of  any  other  pair  of  Stereoscopic  pictures;  all  that 
should  project  being  made  to  recede,  all  that  should  recede  being  made  to 
project t  provided  the  converse  has  antj  meaning  which  the  Mind  ciiu  readily 
appreciate. — But  the  same  effects  may  be  produced,  if  the  objecb%  thetnsalvfe 
are  looked  at  by  an  instrument  devised  by  Profe^or  Wheatstone,  and  termed 
by  him  the  Pmudo^cope;  the  optical  effect  of  which  is,  to  reverse  the  ordinarj 
visuat  relations  between  the  near  and  distant  parts  of  an  object;  the  two  con- 
ditions described  in  the  preceding  paragraph  being  combined  inversely,  m 
that  as  an  object  or  part  of  an  object  is  nearer  the  eye,  its  larger  picture 
on  the  retina  is  accompanied  by  a  diminished  convergence  of  the  optic 


1  S<^e  Philo*.  TrnniRct.,  1862,  pp.  2-fi.  The  Author  thmki  it  wi^ll  to  udd,  Ibmt  b« 
hfts  himself  venfl^  the  above  very  carious  resultn;  whk'b  «r«  fcarci^ly  lo^  rjilushl* 
contributions  to  tho  Phjdology  of  Binocular  TisioQi  thtin  tboie  artier  attatxidd  bj 
the  mm&  eminei^l  aipt^E-lmentiiliBt, 
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axe^*  Wheu  tbe  impreESiDn  of  a  seal  is  looked  at  with  tins  inatrumeat,  it 
iscoiJvertt:d  into  the  represeotation  of  the  seal  itself;  or,  if  the  seal  be  looked 
at,  it  presents  the  figure  raised  in  relief,  as  in  its  ordinary  impressioo.  Bo,  the 
imide  of  a  cup  or  basin  appears  as  a  solid  convex  body;  whilst  tbe  outside  ap- 
peiirs  depressed  and  concava  A  bust  regarded  iu  frtjnt  becomes  a  deep  hol- 
low mask ;  whilst  the  interior  of  tbe  cast  of  a  face  presents  the  appearance 
of  tbe  face  in  its  ordinary  relief,  A  china  vase,  ornamented  with  colored 
flowers  in  relief,  seems  like  a  vertical  section  of  the  interior  of  such  a  vase, 
with  hollow  irapreseions  of  the  flowers.  The  base  of  a  brain  seems  concave, 
like  the  interior  of  tbe  base  of  tbe  skull  which  is  its  reflex ;  and  tbe  latter 
seems  convex  and  projectiog,  like  the  base  of  the  brain, — These  and  similar 
appearances  are  not  always  immediately  perceived  ;  and  some  present  them- 
selves much  more  readily  than  otbers.  Those  converse  forms  which  we  are 
accmtomed  actually  to  see,  or  which  have  a  meatim0  that  tbe  mind  can  easily 
apprehend,  are  those  wbicb  are  most  readily  perceived*  Thus,  the  illusion 
which  may  be  producc^l  with  a  bust  or  with  the  cast  of  a  face,  is  not  ob- 
tainable even  by  a  lengthened  pseudo^coplc  contemplation  of  tbe  real  face, 
which  we  cannot  conceive  of  aa  thus  "turned  inside  out,"  Another  VQvy  in- 
teresting fact  is,  that  those  to  whom  the  illusion  do^  not  at  first  present 
itself^  usually  find  it  muldenbj  come  upon  them  after  a  little  time,  especially 
if  they  should  have  directed  their  minds  to  the  imairinary  conception  of  the 
object  under  its  changed  aspect  And,  further,  when  tbe  conversion  has 
taken  place,  the  natural  aspect  of  the  object  continues  to  intrude  itself, 
sometimes  suddenly,  sometimes  gradually,  and  for  a  longer  or  shorter  in- 
terval, when  the  converse  will  again  succeed  it.  This  is  due  to  the  involun* 
iMTj  alternation  of  tbe  attention,  between  tbe  conception  suggested  to  the 
naind  by  the  visual  impressions  derived  from  both  eyes,  and  that  which  is 
derived  from  either  eye  singly  ;  the  latter,  moreover,  harmonizing  with  and 
being  strengthened  by  our  recollection  of  the  object  as  we  have  seen  it  before, 
or  (if  it  be  new  to  us)  by  our  notion  of  itjs  natural  appearance,  A  remarkable 
illusion  in  respect  to  the  direction  of  lines  is  exhibited  in  the  accompanying 
diagram  (Fig,  275),  constructed  by  ZtiUner,^  which  if  regar<led  vertically,  and 
still  more  If  at  an  angle  of  48^  from  the  Y>eri)endicular  with  one  eye,  presents 
tbe  folbjwing  peculiarities;  Firstly,  the  dark  longitudinal  lines  do  not  ap- 
pear to  be  parallel,  but  to  converge  alrnve  and  below  alternately;  secondly, 
the  two  hafyes  of  each  oblique  stria,  traver^iing  a  iongitudinariine,  do  not 
appear  to  be,  as  they  really  are,  continuous  with  one  another,  but  tbe  lower 
half  seems  to  be  displaced  downwards ;  and  thirdly,  sometimes,  though  not 
always,  a  stereosamic  eflect  is  perceived,  as  though'  tbe  lines  were  drawn  on 
m  sheet  of  paper  folded  longitudinally,  Hering'  explains  this  by  a  train  of 
reasoning  too  long  to  be  here  inserted,  but  to  the  eflect  that  ail  acute  angles 
under  60"",  on  account  of  the  natural  curvature  of  the  retina,  appear  less 
than  they  really  are, 

fi2B,  The  persistenee  during  a  certaio  interval  of  (mpresmofts  made  upon  (he 
retina i  gives  rise  to  a  number  of  curious  visual  phenomena,  which  can  be 
here  only  briefly  adverted  to^  The  prolongation  of  the  impression  will  be 
governed,  in  part,  by  its  previous  duration  :  thus  when  we  rapidly  move  an 
ignited  point  through  a  circle,  tbe  impression  itself  is  momentary,  and  re- 
mains  but  for  a  short  period :  whilst,  if  we  have  been  for  some  time  looking 
at  a  window,  and  then  close  our  eyes,  the  impression  of  the  dark  bars  trav- 
ersing tbe  illuminated  apace  is  preserved  for  several  seconds.     One  of  the 


i  Popg:endorff'B  Annalen  d©r  Pbya.,  Bd.  ex,  p.  COO. 

'  Funke'g  Lebrbuch  der  Pbysiologie,  vol  ii^  1866^  p-  416, 
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results  of  this  persistence  is  the  combitmtion  iuto  a  sitigle  imag^,  of  two  or 
more  objects  presented  to  the  eye  in  successive  [Movements ;  but  these  must  I 
he  of  a  kind  which  eau  he  united,  otherwise  a  confused  picture  is  produc«^* 
Thus  iu  a  little  toy,  called  the  Thaumatrope,  which  was  introduced  some 
years  ago,  the  two  objects  were  pa  id  ted  on  the  opposite  sides  of  a  eanl, — * 
bird,  for  instance,  on  one,  and  a  cage  on  the  other;  and  when  the  card  was 
made  (by  twisting  a  pair  of  strings)  to  revolve  about  one  of  its  dtanieter^^  in 
such  a  manner  as  to  be  alternately  presenting  the  two  sides  to  the  eye  at 
minute  intervals,  the  two  pictures  were  blended,  the  bird  being  aeen  m  thi 
cage.  A  far  more  curious  illusiou,  however,  was  that  fir^t  brought  into 
notice  by  Professor  Faraday ;  who  showed  that,  if  two  toothed  wheels,  placed 
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one  hehind  the  other,  he  made  to  revolve  with  equal  velocity,  a  stationarf 
specttruFu  will  be  seen  j  whili^t  if  one  he  made  to  revolve  more  rapidly  than 
tne  other,  or  the  number  of  teeth  be  different,  the  spectrum  abo  will  revolve. 
The  same  takes  place  when  a  single  wheel  is  made  to  revolve  before  a  mir* 
ror,  the  wheel  and  its  image  answering  the  purpose  of  the  two  wheels  in  the 
former  ease.  On  thia  principle,  a  number  of  very  ingenioua  toys  have  been 
eouj^trueted ;  in  some  of  the.^e,  the  same  figure  or  object  is  seen  in  a  variety 
of  positions;  and  the  sncee^ive  impressions,  passing  rapidly  before  the  eye, 
give  rise  by  their  combination  to  the  idea  that  the  object  is  itself  moving 
through  tbeae  positions  J — It  is  interesting  to  remark,  moreover,  that  when 


'  A  Tpry  be^atiful  *' philo«ftphicftl  toy  ''  wit^  i^hown  to  Llie  Author  iome  ycsHn  »iac«, 
by  iy  inventor,  Mr.  Robert*,  the  celcbrMtfid  muctiiniit  uf  Manchester;  eimsiKtmsj  m 
an  uppMrNtuf  by  whit-h  it  was  rnndu  jvuifciiblc?  to  rend  wnrd*  prtnted  on  «t  t^^rd^  nhKcm^h 
the  atpd  it&elf  was  mude  to  revolve  on  iU  nxfs  even  10^00(1  time*  in  m,  minat«.  Tht 
principle  of  ita  eonslnietTon  wiis  simply  t)iig,^thHt  iho  ey**  cnussht  »  stit^ci^ssifin  eif 
c1impM^»  of  the  card,  through  n  nnrrow'pHt  bpfor«  whicli  a  dUk  with  a  tingle  &ftf** 
ipondinc  perforitjon  was  m^do  to  revolve;  the  rnte  of  niovnmenlof  this  dink  bdn^  » 
lidjiHted  lo  Ibrttof  tliL*  ojtrd^  thut  whRnever  the  eye  camslit  si^jht  of  the  \ik\Uir,  Hwt* 
momet^tftrift^  in  the  iarae  position,  ^o  thiit,  by  the  ^uet'e^^litn  of  Inind^nt  im|if^«i*iiii 
thui  iDftde  upon  the  retinui  lht>  word^  printed]  on  the  curd  could  be  dittiiu'iily  rt!«d« 
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the  eye  hm  been  for  some  time  contemplating  an  object  in  motion,  and  b 
then  directed  towanls  j^tationiiry  objects,  thtse  appear  for  a  short  time  to 
have  a  like  movement  Any  railroad  traveller  may  try  this?!  simple  ex|>eri- 
nient,  by  iirst  looking  at  the  hedgesi  etc.,  which  he  is  rapidly  pai?sing,  and 
then  at  some  part  of  the  interior  of  tiie  carriage  itself^  especially  one  which 

Ere?5ent6  a  series  of  pa  rail  el  line**  But  when  the  impreasiou  of  movement 
aa  been  of  knger  duratioti.  its  efiecU  are  lem  transient ;  thus  a  person  who 
has  been  for  some  time  on  board  s-bip,  ^eee  the  floors,  walls,  and  ceilings  of  hi.^ 
apartments  on  shore  in  a  state  of  continual  up  and  down  motion,  even  for 
some  days  atler  he  has  landed.  This  would  seem  to  be  rather  a  semorial 
than  a  retinal  phenomenon. 

629.  When  the  Retina  has  been  exjMJsed  for  some  time  to  a  strong  im- 
pression of  some  particular  kind,  it  seems  less  susceptible  of  feebler  impres- 
sions of  the  same  kind.  Thus*^  if  we  look  at  any  brightly  luminous  object, 
and  then  turn  our  eyes  on  a  sheet  of  white  paper,  we  shall  perceive  a  dark 
8pot  upon  it;  the  pi:>rtion  of  the  retina  which  had  been  affected  by  the  bright 
image,  not  being  able  to  receive  an  impression  from  the  fainter  rays  reflected 
by  the  paper.  The  dark  sticctrum  does  not  at  once  disapj>ear,  but  assumes 
different  colors  in  succession ^ — these  being  expressions  of  the  states  through 
which  the  retina  is  passing,  in  its  transition  to  the  natural  condition.  If  the 
eye  has  received  a  strong  impression  from  a  colored  object,  the  spectrum 
ex  bi  bits  the  coMplmneniary  color;'  thus,  if  the  eye  be  fixed  for  any  length  of 
time  upon  a  bright  red  sjiot  on  a  white  ground^  and  be  then  suddenly  turned 
so  as  to  rest  upi>n  the  white  surface,  we  see  a  si>ectrum  of  a  grtjen  color. — 
The  same  explanation  applies  to  the  curious  phenomenon  of  *'  colored  shad- 
ows." It  may  not  unfrcqnently  be  observed  at  sunset,  that,  when  the  light 
of  the  sun  acquires  a  bright  orange  color  from  the  clouds  through  which  it 
passes,  the  shadows  cast  by  it  have  a  blue  tint*  Again,  in  a  room  with  red 
curtains,  the  light  which  passes  through  these  producer  green  shadows.  In 
both  instances,  a  strong  impression  of  one  color  is  made  on  the  general  sur- 
face  of  the  retina;  and  at  any  particular  spots,  therefore,  at  which  the  light 
is  colorless  but  very  faint,  that  color  is  not  perceived,  its  complement  only 
being  visible.  The  correctness  of  this  explanation  is  proved  by  the  fact, 
that,  if  the  shadow  be  viewed  through  a  tube,  in  such  a  manner  that  the 
colored  ground  is  excluded,  it  seems  like  an  ordinary  shadow.  It  is  not 
unlikely  that,  as  Miiller  suggests,  the  predominant  action  of  one  color  on  the 
retina  disturbs  (as  it  were)  the  equilibrium  of  its  condition,  aud  excites  in  it 
a  teiidency  to  the  devehipment  of  a  state  corresponding  to  that  which  is 
prtjduced  by  the  impression  of  the  crjmplementary  color;  for  the  latter  is 
perceived,  as  he  remarks,  even  where  it  does  not  exist;  as  when  the  eye, 
after  receiving  a  strong  impression  from  a  colored  spit,  and  being  directed 
upon  a  cora^etely  dark  surface  or  into  a  dark  cavity,  still  perceives  the 
spectrum.  This  change,  indeed,  extends  beyond  the  spot  on  which  the  im- 
pressiou  is  made  (§  633);  for,  as  is  well  known  to  Artists,  the  sensory  im- 
pression produced  by  any  color  is  greatly  affected  by  neighboring  hues. 
Thus,  if  four  strips  of  colored  paper,  or  any  other  fabric,  a,  b,  c,  d, — two 
of  them.  A,  B|  of  one  color  {t.g.^  red),  and  the  other  two,  c,  d,  of  some  differ- 
ent color  (e.<7»,  blue), — be  laid  side  by  side  at  intervals  of  about  half  an  inch, 
the  hues  of  the  two  central  strips  b,  c,  will  be  decidedly  motlified  by  each 


*  Bj  ih©  '*  compkTnentary''  color  is  mpant  that  which  would  be  required  t*i  mako 
white  or  eolorle*^  bght,  when  mixetJ  with  the  original :  ihns  red  la  the  complem**nt 
af  gre<*n  (which  may  hi  msde  hy  mixirig  y^Maw  and  hlui*) ;  blue  is  tha  c^impk^uieiit 
of  oTMOge  (red  nud  yellow j  \  an4  yelhjw  cif  purpb  (red  wnd  bUie)  \  iind  t'U6  ter^A  in 
nil  iaitaneei. 
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Other's  prosimitTj  each  approximatiog  to  the  hue  of  the  oompleineiitftfj 
color  of  the  other ;  so  that  instead  of 


A 

red 

B                       C 

red                    blue 

we  fihall  see 

blue, 

A 
red 

B                    C 
orange-red        ^reeiii»h-blue 

D 

blue. 

Id  the  experimeDts  of  Mandela tamni/  it  was  found  that  the  acuteneA 
perception  of  the  eye  for  slightly  different  shades  of  color  was  greatest  In 
the  yellow  spectrum,  and  then  successively  less  in  the  blue, jjrK-u,  indigo, 
and  fitmlly  in  the  red,  in  which  it  was  least/  Lamansky'  finds  that  the 
seualtivene^s  of  the  eye  for  color  is  ei-eatest  iq  the  order  greea,  yellow,  and 
blue^  and  least  for  red.  With  faint  illnmination  blue  is  bitter  seen  than  red, 
aod  greeu  and  yellow  than  bine.  In  commencing  atrophy  of  the  optic  oerve^ 
red  color  blindness  first  appears,  LaniaQ!*ky  finds  the  time  requisite  for  the 
reception  of  red  three  times  greater  than  that  for  blue.  Kunkel,  however^* 
states  that  the  order  of  rapidity  of  perception  is,  red  (0*0573  sec.),  blue 
{0.0910  sec.),  and  green  (0JS3  sec).  The  time  requisite  for  distinct  vision 
of  a  line  is  extremely  brief  From  experiments  with  the  Electric  Spark, 
O.  N*  Rood^  estimates  it  for  a  black  line  at  not  more  than  four  billioutbs  of 
a  second*  The  means  by  which  differences  of  color  are  recognized  are  at 
present  unknown.  Young  suggested  that  there  might  be  ditferent  nerves, 
each  having  the  power  of  discriminating  one  of  the  fundamental  colons,  hut 
the  structure  of  the  Retina  gives  no  support  to  this  view.  The  lanilnated 
structure  observed  by  Max  Schultsse  in  the  proximal  extremities  of  the  rod« 
and  cones  may  possibly  have  some  relation  to  this  power,  for  if  the  lamina 
possessefi  a  dinerent  refractive  power  in  the  several  rods  and  conee^  thej 
would  only  transmit  light  of  a  certain  color. 

630.  The  observations  of  Schultze  seem  to  point  clearly  to  the  conclusion 
that  the  j>erception  of  colors  is  due  to  the  cones  and  not  to  the  rods,  for  nol 
only  is  the  fovea  centralis  of  the  human  eye,  where  coned  alone  are  pr«^nt, 
the  part  most  acutely  sensitive  to  variations  of  color,  but  in  animals  of  noc- 
turnal hiibits  like  the  owl  and  the  bat,  no  cones  are  discoTerablej  and  we  may 
conclude  that  vision  in  them  is  reduced  to  the  quantitative  perceptioo  of 
light;  or,  in  other  words,  to  the  differences  between  shades  of  light  and 
darkness.  A  simple  experiment  shows  that  our  notions  of  color  art%  like 
those  of  temjierature,  relative  and  not  positive,  for  although  when  a  pair  of 
smoked  glas^^s  are  worn  before  the  eyes,  surrounding  objects  at  first  appear 
strongly  tinged  with  their  color,  very  short  experience  enables  the  wearer  tn 
distinguish  between  different  colors,  and  he  sees  or  seems  to  himself  to  ttS 
white  objects  of  a  fine  white  color,  until  he  undeceives  himself  by  remoriiif 
them. 

631.  Upon  the  properties  of  the  Eye  in  regard  to  Color,  are  founded  the 
laws  of  harmonious  coloring,  which  iJave  an  obvious  analogy  with  those  of 
musical  harmony.  All  complementary  colors  have  an  agiieea'ble  effect  when 
judiciously  disposed  in  combination^  and  all  bright  colors,  which  are  not 
complementary,  have  a  disagreeable  effect,  if  they  are  predominant :  thii  ii 

I  Arrhiv  f,  Ophthalmol,  Bd,  liii,  Abtheil,  ii,  p.  899. 

*  A  rpniftrkftble  p^hpnomenon  of  n^urretit  viuion  is  described  by  Prof.  Toun^  ia 
Amcr.  JiHirn.  of  Sci.,  vol  Hi,  No.  16. 


»  V,  Grafe'i  Arebiv,  M,  xvii,  p.  123. 
*  Lond.  Med.  IWcord,  1874,  p.  710- 
'  American  Juuro*  of  Scli^ni^e  ind  Art, 


r*  a,  voU  U,  p.  U&- 
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sspeciallj  the  case  in  regard  to  the  simple  colors,  strong  combinations  of  any 
;wo  of  which,  without  any  color  that  is  complementary  to  either  of  them, 
ftre  extremely  offensive.  Painters  who  are  ignorant  of  tnese  laws,  introduce 
i  large  quantity  of  dull  gray  into  their  pictures,  in  order  to  diminish  the 
{lariDg  effects  which  they  would  otherwise  produce ;  but  this  benefit  is  ob- 
mined  by  a  sacrifice  of  the  vividness  and  force,  which  may  be  secured  in 
combination  with  the  richest  harmony,  by  a  proper  attention  to  physiological 
principles.' — Some  persons  whose  visual  powers  are  excellent  in  every  other 
respect,  are  more  or  less  deficient  in  tne  power  of  discriminating  colors. 
This  defect  (which  is  now  commonly  known  as  **  Daltonism,"  from  the  name 
>f  the  distinguished  philosopher  who  was  himself  the  subject  of  it)  may  be 
K>  complete,  that  nothing  can  be  perceived  save  different  degrees  of  light 
ind  shadow ;  more  commonly,  however,  it  exists  only  with  regard  to  partio- 
slar  colors,  especially  such  as  have  a  complementary  relation  to  one  another, 
10  that  persons  thus  affected  are  unable  (e.g.)  to  distinguish  ripe  cherries 
unoDg  the  leaves  of  the  tree,  save  by  their  form  ;  whilst  in  some  individuals 
it  does  no  more  than  confuse  colors  that  are  nearly  related,  such  as  green 
ind  blue,  especially  when  they  are  seen  by  artificial  light.' 

632.  The  three  fundamental  colors,  as  was  originally  shown  by  Thomas 
f  ouDg,  arc  red,  green,  and  violet.  The  most  common  form  of  color-blind- 
nen  is  that  for  the  red  rays,  which  in  some  cases  is  incomplete,  so  that  whilst 
brilliant  reds  can  be  distmguished  from  other  colors,  low  tones  are  not  rec- 

yiized  from  gray  or  black.  Purkinje  long  aeo  showed  that  the  periphery 
the  Retina  exhibited  defective  perception  of  the  different  colors,  red  light 
tppearing  gray ;  yellow,  green ;  green,  oluish ;  but  blue  and  violet  unaltered. 
Aie  ordinary  form  of  color-blindness  would  therefore  seem  to  be  only  an 
fixiension  of  the  want  of  perceptivity  normal  in  the  periphery  of  the  Retina.' 
Niemetschek^  has  shown  that  the  affection  may  either  be  congenital  or  ac- 
luired,  and  that  whilst  the  retina  and  refractive  media  are  usually  healthy, 
uid  the  sharpness  of  vision  is  normal,  there  is  more  or  less  disturbance  or 
lesioii  of  those  portions  of  the  frontal  convolutions  which  intervene  between 
the  orbits. 

633.  The  impressions  made  by  luminous  objects  upon  the  Retina  are  not 
precisely  confined  to  the  s[)ots  upon  which  their  rays  impinge,  but  extend 
themselves  to  a  greater  or  less  distance  around  ;  which  phenomenon  has  been 
termed  irradiation.    Thus  if  we  make  a  circular  white  spot  upon  a  black 


>  This  8ubjcH:t  has  been  most  carefully  and  elaborately  investigated  by  M.  Chevreul, 
vboM  recent  Treatise  on  Colors  baa  almost  exhausted  the  inquiry  into  the  mode  in 
which  the  Visual  sense  of  Man  is  affected  by  them.  For  a  generafvicw  of  the  nature 
ind  Attributes  of  Light,  see  Art.  Light,  by  Sir  J .  Herschel,  in  the  last  edition  of  the 
Encyclopedia  Metropolitana. 

«  See  especially  the  Memoir  of  Prof.  Seebeck,  in  Poggendorff's  Annalen,  Bd.  xlii 
fl8S7) ;  tbatuf  Prof.  Wartmann,  in  Taylor's  Scientific  Memoirs,  vol.  iv,  p.  156; 
Mr.  Pole's  case,  recorded  in  the  Proceedings  of  the  Royal  Society,  1856-67,  vol.  viii, 
p.  172,  and  the  interesting  commentary  upon  it  by  Sir  J.  Herschel,  in  idem,  vol.  x, 
p.  72.  See  also  Preyer,  Centralblatt,  1869,  p.  72.  A  difference  appears  to  exist  be- 
tween the  effects  of  reflected  and  transmitted  light  in  cases  of  color  blindness.  See 
Janffreson,  Lancet,  1872,  pp.  601,  670.     Clarke,  idem,  p.  635. 

■  For  an  interesting  case  in  which  the  patient  was  affected  with  monocular  green 
blindness  and  could  yet  see  blue,  though  this  color,  if  it  were  a  mixture  of  green  and 
violet,  ought  to  have  appeared  violet  to  him,  spe  Preyer,  Centralblatt,  1872,  No.  8 ; 
•ee  ftlso  Lebert,  Klin.  Monatschr.  f.  Augenheilk.,  1873,  p.  867.  The  observations  of 
ScheUke  rGriife's  Archiv,  Bd.  ix.  Heft  iii,  p  41)  and  Woinow  (idem,  Bd.  xvi,  Heft 
i,  p.  200)  have  shown  that  the  peripheral  parts  of  the  retina  are,  even  in  healthy  per- 
lons,  inHensihIe  to  red,  and  perhaps  to  green,  the  latter  color  being  perceived  as  yel- 
low.    See  also  Rahlmann,  Abst.  in  Centralblatt,  1878,  p.  857. 

«  See  Prag.  Vierteljahrs.,  Bd.  c,  1868,  p.  224. 
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grfiurKl,  and  a  black  spot  of  precisely  the  same  dimensions  upon  a  white 
grouiJil,  the  former  will  seem  to  be  cousidcrably  larger  than  the  latter:  ap- 
parently because  the  excilatiou  of  the  retina  by  the  luminous  inmreasioti 
tends  to  gpre^d  itself  in  each  case  over  the  adjacent  non-exciteti  space. 
Hence  it  is  that  we  are  able  to  distinguish  any  small  magoitudei*,  Mich  aa 
letters  or  the  lines  of  a  diagram,  at  a  much  greater  distance  when  they  are 
marked  in  white  on  a  black  ground,  than  when  inscribed  in  black  uiion  a 
white  ground.  Another  curious  case  of  the  same  kind  has  beeu-noticed  by 
Sir  D.  Brewster.*  *'  If  we  shut  one  eye,  and  iMrect  the  other  ia  any  tixed 
point,  such  as  the  head  of  a  pin,  we  shall  see  indistinctly  all  other  ubjecta 
within  the  sphere  of  vision*  Let  one  of  these  objects  thus  indistinctly  ^«eii, 
he  a  strip  of  white  paper  or  a  pen  lying  on  a  green  c!oth.  Then,  after  a 
short  time,  the  strip  of  paper,  or  the  pen,  will  disappear  altogether,  as  if  it 
were  entirely  removed  ;  the  impr^sion  of  the  green  cloth  upon  the  surrouud* 
ing  parts  of  the  retiua,  exteuding  over  that  part  of  it  which  the  image  of 
the  pen  occupied.  Id  a  short  time  the  vanished  image  will  reap|x*a.r,  and 
again  vanish  j  when  both  eyes  are  oj>en,  the  very  same  effect  take^  place,  hut 
not  st>  readily  as  with  one  eye.  If  the  object  seen  indistinctly  is  a  black 
stripe  on  a  white  ground,  it  will  vanish  in  a  similar  manner  When  i\m 
object  seen  obliquely  is  luminous,  such  as  a  candle,  it  will  never  vanish  eu* 
tirelvH,  until  its  light  is  much  weakened  by  being  placed  at  a  great  distauoe; 
but  it  swells  and  contracts,  and  is  encircled  by  a  nebulous  halo." 

634.  The  power  of  receiving  and  transmitting  visual  Impressions  is  by  no 
means  uniformly  diffused  over  the  entire  Retina.  In  the  whole  field  of  vision 
which  at  any  time  lies  before  us,  we  only  see  with  perfect  disti neatness  thai 
part  to  whiuh  the  axes  of  our  eyes  are  directed,  and  of  which  the  iniagr, 
therefore,  is  formed  upon  the  "  yellow  spot"  (§  616),  Nevertheless  we  have 
a  sufficiently  distinct  i>erceptiou  of  the  remainder  of  the  field,  to  enable  us 
to  judge  of  the  reJatious  of  the  objects  which  are  distinctly  seen  to  those 
which  surround  them  ;  and  the  mobility  of  our  eyes  enables  us,  under  the 
guidance  of  onr  visual  sense  (§  04l)»  to  direct  the  most  sensitive  sp^it  of  the 
retina  to  every  part  of  the  field  in  succesifion,  not  only  without  efllirt,  but 
even  almost  without  the  consciousness  that  we  are  doing  so. — Clone  rally 
speaking,  the  indiatinctuess  of  vision  for  objects  seen  out  of  the  axis  of  ih^ 
eye,  increases  with  the  distance  of  their  images  from  the  (antral  point',  or, 
in  other  words,  the  impressibility  of  the  several  parts  of  the  retina  dimin- 
ishes, according  to  their  distance  from  the  *'  yellow  spot.*'  Fur  a  sujall  spae® 
around  it,  however,  the  vision  is  tolerably  accurate,  and  the  extent  of  this 
circle  of  clear  "indirect  vyon,"  as  it  is  termed,  varies  in  different  |>e4>ple; 
Volkmann,  for  instance,  can  read  an  entire  word  by  the  light  of  a  single 
electrical  spark,  and  must  therefore  have  instantaneously  a  direct  and  p^r* 
feet  perception  of  every  part  of  it,  whilst  by  others  only'a  letter  or  two  can 
be  distinguished*  It  appears  also  from  the  experiments  of  Aubert  and 
Foi^ter,'  and  of  Heymann,*  tliat  when  tlie  Eye  is  accommodated  for  iie&r 
objects,  the  limits  of  clear  lateral  perception  are  increased,  or  at  lea^t  iht 
perceptibility  of  that  circle  is  intensified  ;  so  that  of  two  objects  which  throw 
images  of  equal  si^  on  the  Retina,  the  smalier  and  more  approximated  one 
is  distinctly  perceived  at  a  greater  distance  from  the  yellow  spot  than  the 
larger  and  more  distant  object*  But  there  is  one  part  of  the  retinal  surface^ 
namely,  the  seat  of  entrance  of  the  Optic  Nerve,  which  is  remarkable  for 
its  imperfect  receptivity ;  as  is  shown  by  the  tbllowing  experiment   Let  two 


*  Treatise  on  Optiiis,  in  Lurdner^i  Oyclopwdlaf  p*  206» 
■  Archiv  r  Ophtbttlmol,  Bd.  tii,  p.  I. 

*  Acta  Ac«dom,  C.L,  C,G.  Nature  Curiotorumi  Dresden,  1964. 
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black  spots  be  made  .upon  a  piece  of  paper,  about  four  or  ^ye  inches  apart ; 
then  let  the  left  eye  be  closea,  and  the  right  eye  be  strongly  fixed  upon  the 
left-hand  spot ;  if  the  paper  be  then  moved  backwards  and  forwards,  so  as 
to  change  its  distance  from  the  eye,  a  point  will  be  found  at  which  the  right- 
liAnd  spot  is  no  longer  visible,  though  it  is  clearly  seen  when  the  paper  is 
brought  nearer  or  removed  further.  In  this  position  of  the  eye  and  the 
>bject,  the  rays  from  the  right-haud  spot  cross  to  the  nasal  side  of  the  globe, 
ind  fall  upon  the  point  of  the  retina  which  has  just  been  mentioned.  If  the 
Mune  experiment  ne  tried  with  candles,  the  image  will  not  entirely  disappear, 
but  will  become  a  cloudy  mass  of  light.  It  is  not  correct  to  say,  as  is  some- 
dmes  done,  that  the  retina  is  not  impressible  by  light  at  this  f)oiut ;  since, 
if  such  were  the  case,  we  should  see  a  dark  spot  in  our  field  of  view  when- 
ever we  use  only  one  eye,  which  is  not  the  case.  The  fact  seems  rather  to 
be,  that  this  portion  of  the  retina  is  very  inferior  to  the  surrounding  parts 
in  its  receptivity  for  luminous  impressions ;  whilst,  on  the  other  hand,  there 
m  an  unusual  tendency  to  the  extension  of  (heir  condition  to  it  by  **  irradia- 
tion "  (§  63«S) ;  so  that,  in  the  experiment  just  described,  if  the  black  spots 
be  made  upon  a  colored  ground,  this  color  will  take  the  place  of  the  spot 
irhich  disappears.' 
635.  That  an  electrical  current  is  produced  when  light  is  allowed  to  fall 

Son  the  Retina,  was  first  established  by  Holmgren.'  He  observed  an  os- 
lation  of  the  needle  of  the  galvanometer  under  these  circumstances  in  all 
reriebrates  except  Fishes.  In  the  Frog  the  oscillation  is  positive,  but  in  all 
others  it  is  negative,  but  positive  when  the  light  is  withdrawn ;  the  yellow 
rays  are  the  most  active  in  this  respect.  The  subject  has  been  also  taken  up 
by  Dewar  and  McKendrick,'  who  have  corroborated  and  extended  Holm- 
gren's observations.  The  impression  made  by  rays  of  light  upon  the  Retina 
may  be  to  a  certain  extent  imitated  by  other  physical  agencies,  which  thus 

E've  rise  to  various  objective  visual  phenomena.  Advantage  has  recently 
«n  taken  by  Dr.  8erre,*  of  the  power  of  mechanical  pressure  to  produce 
luminous  spectra,  for  the  investigation  of  the  "  law  of  visual  direction  " 
(S  620) ;  and  the  results  which  he  has  obtained  are  of  very  great  interest. 
When  any  part  of  the  globe  of  the  eye  is  compressed  (the  experimenter  being 
in  a  completely  darkened  room),  a  luminous  figure  is  seen  to  be  projected  in 
the  direction  opposite  to  the  spot  pressed  upon.  Its  form  varies  according 
to  that  of  the  compressing  body,  and  to  the  degree  in  which  the  retina  is 
aflected  by  it.  Thus  if  the  pressure  be  made  by  the  point  of  the  finger,  or 
by  any  other  circular  surface,  upon  a  part  of  the  globe  over  the  interior  of 
which  the  retina  is  continuous,  the  spectrum  or  phoi*phhte  (as  it  is  termed  by 
Dr.  Serre),  is  also  circular ;  if  the  compn»ssing  body,  on  the  other  hand,  bJe 
square  at  its  extremity,  the  "  phosphdne  "  is  also  square ;  and  if  it  be  trian- 
gular, the  "phosph^ne  "  is  triangular  too.  But  if  the  pressure  be  made  near 
the  anterior  edge  of  the  retina  (which  is  what  most  commonly  happens,  un- 
less the  most  favorable  situation  be  designedly  chosen),  the  figure  of  the 
"phosphene  "  is  incomplete ;  and  the  degree  of  its  deficiency  corresponds  with 
tbe  proportion  of  the  area  of  compression  that  does  not  lie  over  the  retinal 
expansion.  Hence  there  can  be  no  hesitation  in  ret^arding  the  production 
of  this  spectrum  as  the  immediate  result  of  the  affection  of  the  sensorium  by 

I  The  diameter  of  the  blind  spot  as  obtiiined  by  experiment  on  Xha  livini;  eye  is 
1.56  mm.  (Listing);  1.61C  mm.  (Hannover  and  Thomsen) ;  181mm.  (llclmbollz). 
The  dinmeter  of  the  optic  disk,  according  lo  Weber,  in  the  dead  subject,  varies  from 
2.10  mm.  to  1.72  mm. 

»  See  Abptract  in  Humphry  and  Turner's  Journal  of  Anat.  and  Phys.,  1S72,  p.  226. 

•  See  Humphry  and  Turner's  Journxl  of  Anat.  and  Phys.,  1873,  vol.  vii,  p.  276. 

*  See  his  Eirsai  sur  lea  Phosph^nes.     Paris,  1853. 
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tbe  pressure  of  the  retina  ;  and  a§  it  seems  to  our  perceptive  consciousness  \a 
h»ve  a  distinct  objective  existence,  and  as  its  position  bears  a  conistaDt  and 
definite  relation  to  that  of  the  portion  ofthe  retina  on  which  the  impresgioa 
la  inade^  it  seems  obviona  that  any  ^uch  affection  of  tbe  retina  not  only  im- 
mediately suggests  to  our  minds  the  notion  of  an  external  objective  cause  of 
tlie  impression,  but  also  indicates  to  our  consciousness  the  dif^edion  of  the 
object. — But  further,  besides  the  principal  **  phosph^ne,"  another^  of  smaller 
dimensions,  is  usually  to  be  seen,  in  a  direction  nearly  the  same  as  that  on 
which  the  pr^sure  is  made ;  this  i@  the  result  of  the  transmissiou  of  the 
pressure  to  the  opposite  side  of  the  globe,  by  an  alteration  of  its  figure  and 
of  the  position  of  its  contents,  which  corresponds  to  the  fracture  of  the  skull 
by  eontre-coup.  The  form  of  this  smaller  or  secondary  **  phosph^ae  ^'  L*  not 
affected  by  the  cause  which  sometimes  renders  the  larger  or  primary  spec- 
trum incomplete ;  since,  as  we  cauoot  anywhere  apply  pressure  to  the  living 
Human  eye,  save  on  some  part  of  its  anterior  hemis^phere,  the  "  eontre-coup '' 
will  alwsiys*  take  place  at  the  opposite  spot  in  the  posterior  hemisphere,  over 
which  the  retina  is  continuous,  save  at  the  entrance  of  the  optic  nerve.  By 
KU  extensive  series  of  ohservaiiouij  upon  the  relation  of  the  |KJ:jitious  of  tbe 
primary  and  secondary  "  phosph^nes,"  both  to  each  other  and  to  the  eeat  of 
compression,  Dr,  8erre  has  deanced  the  important  conclusion,  that  the  Hoes 
joining  the  imaginary  spectra  and  the  spots  i>f  the  retina  upon  whose  affec- 
tion they  respectively  proceed ,  pass  through  a  common  *' centre  of  direction  " 
whose  position  is  in  the  middle  of  the  crystalline  lens-  And  benee  it  seemi 
to  be  a  legitimate  conclusion^  that  our  sense  of  the  relative  directions  of  ex- 
ternal objects  is  derive^)  from  a  kind  of  mental  projection  of  each  p>inl  of 
the  retinal  image,  in  the  line  which  joins  it  to  this  "  centre  of  direction/' 

636,  Another  very  curious  subjective  phenomenon  of  Vision,  b  the  repre- 
sentation which  J  under  particular  circumstances,  we  may  mentally  obtain  of 
the  retina  itself-  as  in  the  following  experiment,  first  devi^  by  Purkiaje, 
and  known  by  his  name.  "If  in  a  room  otherwise  clark,  a  lighte^l  candle  be 
moved  to  and  fro,  or  in  a  circle,  at  a  distance  of  six  inches  before  the  eye«, 
we  jierceive,  after  a  short  time,  a  dark  arborescent  figure  ramifying  over  the 
whole  field  of  vision  ;  this  appearance  is  produced  by  the  vasa  etmlmlia 
distributed  over  the  retina,  or  by  the  parts  of  the  retina  covered  by  lln^m 
vesvsels.  There  are,  properly  speaking,  two  arborciMi^cnt  figures^  the  trunks  of 
wliich  are  not  coincident,  but  on  the  contrary  arise  in  the  right  and  left 
divisions  of  the  field,  and  immediately  take  opposite  directions.  One  trunk 
belongs  to  each  eye,  but  their  branches  intersect  each  other  in  the  ctitumoM 
field  of  vision*  The  explanation  of  this  phenomenon  is  as  follows:  By  the 
movement  of  the  cnndle  to  and  fro«  the  light  is  made  to  act  on  the  whole 
exteut  of  the  retina,  and  all  the  parts  of  the  membrane  which  are  not  im* 
mediately  covered  by  the  vas^a  central ia  are  feebly  ii Ruminated;  thusc  pirtii, 
on  the  contrary,  which  are  covered  with  those  vessels,  cannot  be  acle<l  on 
by  the  light,  *and  are  perceived,  therefore,  as  dark  arborescent  Bgures. 
Thc^e  figures  appear  to  lie  before  the  eye,  and  t^>  be  snsijeuded  in  the  field 
of  virion  ;"  ^  and  as  the  vmads  appear  magnifies!,  and  display  a  rcmarkahlci 
pftrallautic  gliding  movement  over  the  vijsua!  field,  data  are  aHonled  hy 
which  H.  Muller  has  calculated  that  the  true  |)ercipieiitsur&oe  of  the  retina 
must  be  situated  at  a  certain  distance  from  the  vessels,  oorre§|K>nding  in  fact 
with  the  bacillar  layer.^     We  have  thus  another  demonstration  of  the  fiict« 

'  MQlier'a  Klemont*  of  Physiology  (Buly^*  TninsIfttTun),  p.  1153. 

*  For  llie  explMUMliun  of  various  otht^r  cntopticul  pbi'nc}[nenn»  see  •Jnmm  Ji^o, 
B*A.,  in  Proceedings  of  the  Royiil  S<«tety,  vol.  viii,  p>  <J03.  Ho  obiiefv*«  tlini  ib« 
luTi|^  Ik-hiii^  of  lighi  which  Uguc  from  Crimes  reii^nrded  with  ^^  wmkiiig  oyi?»'^  pr<joini 
i^om  Huh  bufw  of  fluid  along  lh«  Enurgms  of  the  lldi. 
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that,  in  ordinary  Vision,  the  immediate  object  of  our  sensation  is  a  certain 
condition  of  the  retina,  which  is  excited  by  the  formation  of  a  luminous 

637.  The  visual  power  is  susceptible  of  extraordinary  improvement,  through 
the  habitual  direction  of  our  attention  to  the  effects  produced  upon  our  cou- 
■ciousness  by  the  impressions  transmitted  to  the  Sensorium  from  the  Eye ; 
and  this  improvement  may  take  place,  either  in  regard  to  the  quickness  and 
leadiDeas  with  which  objects  generally  are  perceived,  or  in  the  faculty  of 
dkcrimiDating  the  slightest  differences  in  form,  shade,  color,  etc.,  or  of  dis- 
oemiog  bodies  of  extreme  minuteness.  In  regard  to  all  these  points  it  may  be 
noticed  that  the  habit  of  attention  to  any  particular  class  of  objects,  sharpens 
the  discriminating  power  for  that  class  alone  ;  and  that  it  is  usually  rather 
the  mental  than  the  corporeal  vision  which  undergoes  improvement.  Thus 
the  seaman  who  makes  out  the  "  loom  of  the  land,"  where  the  landsman  can 
discern  nothing  but  an  indefinite  haze  above  the  horizon,  or  who  can  distin- 
guish the  size,  rig,  and  course  of  a  vessel,  which  the  landsman  can  but  just 
see  as  a  formless  speck,  does  so  in  virtue  of  the  aptitude  of  his  mind  for 
receiving  suggestions  from  minute  indications  such  as  pass  unnoticed  by 
those  who  have  not  been  accustomed  to  form  their  ideas  upon  the  same  kind 
of  experiences.  And  the  Microscopist,  who  is  constantly  on  the  outlook  for 
the  various  forms  of  organic  structure  with  which  his  mind  is  familiar,  dis- 
cerns these  without  difficulty  or  hesitatitm,  where  an  ordinary  observer  sees 
nothing  but  a  confused  jumble  of  tissue.  Extremely  slight  variations  in  the 
relative  illumination  of  two  objects  can  readily  be  discerned.  According  to 
Arago^  the  difference  can  be  perceived  when  it  amouuts  to  no  more  than 
about  s^th,  according  to  Volkmann  when  it  is  from  g'oth  to  j^o^^y  ^^  Stein- 
heil  Vs^'  ^^^  ^^  Masson,  t^q^^*  Aubert'  has  shown  that  these  variations 
in  the  results  obtained  by  different  observers  are  probably  due  to  their 
having  employed  different  amounts  of  illumination  ;  since  the  perception  of 
slight  variations  is  much  greater,  within  certain  limits,  with  moderately 
bright  than  with  feeble  illuminating  powers. — It  is  interesting  to  observe 
that  the  power  of  descrying  objects  at  vast  distances  appears  to  be  heredi- 
tarily possessed  by  two  races  of  men,  the  Mongols  of  Northern  Asia,  and  the 
Hottentots  of  Southern  Africa,  both  of  which  habitually  dwell  on  vast 
plains  that  seem  to  stretch  without  limit  in  every  direction.  It  seems  prob- 
able that  this  power  was  in  the  first  instance  acquired  by  habit  in  every  case; 
and  that,  as  frequently  happens  with  acquired  peculiarities  which  are  kept 
op  by  constant  use  in  successive  generations,^  it  has  become  fixedly  he- 
lediury. 

6.  Sense  of  Hearing, 

638.  In  the  Ear,  as  in  the  Eye,  the  impressions  made  upon  the  sensory 
nerve  are  not  at  once  produced  by  the  body  which  originates  the  sensation  ; 
but  they  are  propagated  to  it,  through  a  medium  capable  of  transmitting 
them.  We  obviously  take  cognizance  by  the  mind,  therefore,  not  of  the 
sonorous  object,  but  of  the  condition  of  the  auditory  nerve ;  and  all  the 
ideas  we  form  of  sounds,  as  to  their  nature,  intensity,  direction,  etc.,  must  be 
based  upon  the  changes  which  they  produce  in  it.  The  complex  contriv- 
ances which  we  meet  with  in  the  organ  of  Hearing  among  higher  animals, 
are  evidently  intended  to  give  them  greater  power  of  discriminating  sounds 
than  is  possessed  by  the  lower  tribes ;  in  wliich  lost  it  is  reduced  to  a  form 

'  Astronomie,  vol.  i,  p.  194  *  Physiologie  der  Netzhaut,  1864. 

•  See  Princ.  of  Comp.  Pbysiol.,  |  G20. 
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SO  simple  that  it  mav  be  questioned  whether  thev  cati  be  said  to  possess  an 
orgau  of  hearing^  if  by  this  term  we  imply  aoy tiling  more  than  the  mere 
COD  scion  su  ess  ol  sonorous  vibrations. — There  is  a  considerable  diHerenoe, 
however^  between  the  Eye  and  the  Ear^  in  regard  to  the  special  purptjees 
toT  which  they  are  respectively  adapted.  In  the  former  we  have  seen  that 
the  whole  object  of  the  instninient  is  to  direct  the  tmys  of  light  receiveil  by 
it,  in  such  a  manner  as  to  occasion  them  to  fall  upon  the  expansion  of  the 
optic  nerve  in  similar  relative  posittons,  and  with  cor  respond  ingpro|>ortiooal 
intensities^  to  those  which  they  possessed  when  issuing  from  the  oliject.  We 
ha%*e  no  reason  to  believe  any  tiling  of  this  kind  to  be  the  purpose  of  the 
Ear;  indeed  it  would  be  ioconsistent  with  the  laws  of  the  pnvpagalion  of 
sound,  Sonorous  vibrations  having  the  most  various  directions,  and  the 
most  unequal  rate^  of  succession,  are  transmitted  by  all  media  wilh<int  modi- 
Beat  ion,  however  numerous  their  lines  ijf  intersection  ;  and  wherever  ihe»e 
untlnlationa  fall  upon  the  auditory  nerve^  they  must  cause  the  seuj^tion  of 
corretip<inding  sounds.  Still  it  is  probable  that  some  portions  of  the  complex 
organ  of  hearing,  lu  Man  and  in  the  higher  animals,  are  more  adapttd  than 
othem  to  receive  impresi'ions  of  a  particular  character;  and  that  thus  we 
may  be  esjiecially  informed  of  the  direction  of  a  sound  by  one  part  of  th« 
organ,  of  ita  musical  tone  by  another,  and  some  other  of  *ita  quatitie.^  by  a 
third, 

639.  A  single  impulse  communicated  to  the  Auditory  nerve  through  an 
appropriate  apparatus,  seems  to  be  sufficient  to  estcite  the  momeutary  i^usa* 
tion  of  mutifi;  but  most  frequently  a  series  of  such  impulses  is  concerned, 
there  being  but  few  sounds  which  do  not  partake,  in  a  greater  or  les^  degree, 
of  the  character  of  a  tone.  Any  continuous  sound  or  tone  \b  dependent 
upon  a  succession  of  impulses ;  and  its  aeuleness  or  depth  is  g<^verned  by 
the  rapidity  with  which  these  succeed  one  another.  It  is  not  ditiicuU  to  aa- 
eertain  by  experiment,  what  number  of  such  impulses  or  nndulationt  are 
required  to  give  every  tone  which  the  ear  can  appreciate.  Thus  if»  as  in  ihe 
inslrunierU  termed  the  Byren,  a  circular  plate  with  a  number  of  a|^^rtun's  at 
regular  intervals  be  made  to  revolve'  over  the  top  of  a  pipe  throngli  which 
air  is  propel  let!,  a  enceessiou  of  short  pyffif  will  be  allowed  to  it^ue  fmm  this; 
and,  if  the  revolution  be  sufficiently  rapid,  these  impulses  will  unite  into  a 
detinite  tone.  In  the  same  manner,' if  a  spring  be  fixed  near  the  edge  of  a 
revolving  lt>othed  wheel,  in  such  a  manner  as  to  be  caught  by  every  tooth 
as  it  pas&f?p,  a  suceesslon  of  dkh  will  be  beard  ;  and  these  too,  if  the  revo- 
lution of  the  wheel  be  sufficiently  rapiH,  will  produce  a  tone.  The  number 
of  apertureii  in  the  plate  which  pass  the  orifice  of  the  pipe  in  a  given  time, 
or  the  number  of  teeth  which  poi^  the  spring,  being  known,  it  is  easy  to  ^ee 
that  this  must  be  the  number  of  impuleea  requireil  to  produce  the  given  tone- 
Each  impulse  produces  a  double  vibration,  forwurds  and  backwards  (jis  is 
seen  when  a  string  is  put  in  vibration,  by  pulling  it  out  of  the  stmigbt  line); 
hence  the  number  of  single  vibrations  is  always  double  that  of  the  impuli-es. — 
The  maximum  and  minimum  of  the  intervals  of  succe^ive  puW^,  still  ap- 
preciable by  the  ear  as  determinate  musical  sounds,  have  been  determined 
ny  M.  Despretz.^     According  to  this  observer  the  number  of  complete  vibm* 


'  C«>Tnpt4*s  Rendus,  torn.  ii»  p  1214  Hertiiann,  Grurdnss  der  Pby?iolf»gii?,  ISffT, 
givt^*  thw  looit*  nt  4(1  dnd  1ti,CKM>  Rouble  Vibrntion&;  HelmluilfK  nt  *lfi  nmi  Sh.OQO 
iin^le  vibrnUiin^j  or  about  11  mHHV<*».  lllttkw  ( Bujitoii  M<*d.  iind  Surg.  Journ.t  1875, 
vuL  X,  No.  20)  found  tb^it  cliildreii  of  12-t3  ye«rs  <jf  age  could  pt^rc^ive  a  n.^tc  prt^- 
ducpd  by  40.1M50  single  viljr»ilit»ns  nt  a  distnmie  of  M  UgI.  Yoimg  iicrsont  nf  l^*J& 
yeiirs  ibo  ^nrtiL'  only  hI  a  dii^tHncu  ot  13-16  feet,  but  a  iii'tt  pridui^^Kl  by  !^t),S44  «iinpl4 
vibrations  tit  S4  fm.  Adulta  of  28-SO  yeiirs  could  cinly  ht'ar  at  S4  fnei  a  nolc  pn*- 
diictd  by  S2,7ti8  vibrnUuna.     Tbe  doep^al  time  of  ^rebeeififcl  infttrumeuu  i$  Uit  B  of 
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tions  required  to  produce  an  appreciable  musical  sound,  in  persons  endowed 
with  an  acute  sense  of  hearing,  may  vary  from  8  for  the  lowest,  to  36,500 
lor  the  highest  note.  From  some  observations  of  Dr.  Wollaston,  it  seems 
probable  that  the  ears  of  different  individuals  are  differently  constituted  in 
this  respect;  some  not  being  able  to  hear  very  acute  tones  produced  by 
Insects,  or  even  Birds,  which  are  distinctly  audible  to  others.  Again,  the 
soand  resulting  from  16  impulses  per  second  is  not,  as  has  been  usually  sup- 
posed, the  lowest  appreciable  note  ;  on  the  contrary,  M.  Savart  has  succeeded 
in  rendering  tones  distinguishable,  though  they  can  scarcely  be  termed  musi- 
cal, which  are  produced  by  only  7  or  8  impulses  in  a  second  ;  and  continuous 
sounds  of  a  still  deeper  tone  could  be  heard,  if  the  individual  pulses  were 
sufficiently  prolonged.  In  regard,  however,  to  the  precise  time  during  which 
a  sonorous  impression  remains  upon  the  ear,  it  is  difficult  to  procure  exact 
information,  since  it  departs  more  gradually  than  do  visual  impressions  from 
the  eye.  This  is  certain,  however, — that  it  is  much  longer  than  the  interval 
between  the  successive  pulses  in  the  production  of  tones;  since  it  was  found 
by  M.  Savart,  that,  one  or  even  several  teeth  might  be  removed  from  the 
toothed  wheel,  without  a  perceptible  break  in  its  sound, — showing  that,  when 
the  tone  was  once  established,  the  impression  of  it  remained  during  an  inter- 
mission of  some  length. 

640.  A  very  recondite  investigation  into  the  theory  of  Acoustics,  and 
especially  into  the  conditions  on  which  the  distinct  qualities  of  musical  tones 
depend,  has  recently  been  undertaken  by  Helmholtz.^  It  is  possible,  he 
observes,  to  produce  sounds  consisting  of  only  a  single  primary  or  fundor 
mental  note;  the  fundamental  note  of  a  sonorous  body  being  the  lowest  tone 
which  it  yields  when  the  whole  of  it  is  in  vibration  together ;  but  in  by  far 
the  greater  number  of  instances,  sounds  however  produced,  and  whether 
musical  in  their  character  or  not,  are  compounded  of  the  fundamental  note 
and  a  number  of  secondary,  collateral  or  harmonic  notes ;  and  the  peculiar 
quality  or  timbre  of  particular  instruments  appears  to  be  determined  by  a 
variation  in  the  mode  of  grouping  of  the  secondary  sounds.  Each  such 
group  Helmholtz  designates  a  ''  sound  color."  In  a  series  of  experiments 
upon  the  vowel  sounds,  a,  e,  i,  o,  and  u,  he  has  remarked  that  we  distinguish 
them  from  one  another'  by  the  harmonic  sounds  which  accompany  the  chief 
or  fundamental  note,  and  he  endeavors  to  render  this  evident  by  the  follow- 
ing experiments.  He  terms  the  fundamental  note  the  first  (1),  whilst  the 
harmonics  (2,  3,  4,  5,  6,  etc.)  are  notes  produced  by  two,  three,  four,  five,  or 
six  times  the  number  of  vibrations  of  the  fundamental  note.  Thus,  taking 
the  middle  C  of  the  piano  as  the  fundamental  note,  the  harmonics  will  be 
C,  (octave)  G,  C,  (double  octave)  E,  G,,  etc.  Now  if  the  vowel  a  be  sung 
2  .34  56 

close  to  a  piano  with  the  damper  up,  not  only  will  the  wire  corresponding 
to  the  fundamental  note  be  thrown  into  vibration,  but  also  the  wires  corre- 
sponding to  the  3d  and  5th  harmonics,  or  those  vibrating  three  times  and 
five  times  as  often  as  the  fundamental  note,  and  also  more  feebly  the  2d, 
4th,  and  7th  harmonic  notes.  When  the  vowel  o  is  sung,  the  3d  harmonic 
note  vibrates  somewhat  more  weakly  than  when  o  is  sung ;  the  2d  and  5th 
harmonics  very  weakly.  With  u  the  fundamental  note  vibrates  almost 
alone;  the  third  harmonic  very  feebly.     With  e  the  2d  harmonic  wire  is 

the  double  Bass  with  41^  vibrations,  the  highest  the  d»  of  the  Piccolo  flute  with  4752 
vibrations  (Tyndtill). 

*  Die  Lehre  von  den  Ton-cmpfindunijen  als  physiologische  Grundlage  fur  die 
Theoric  der  Musik,  Braun^'chweig.  18')2. 

'  It  must  be  borne  in  mind  that  the  Ocnrian  pronunciation  of  the  vowels  is  here 
implied. 
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thrown  into  powerful  vibration,  but  the  higher  barmonins  are  scarcelv  pro* 
duced.  With  t,  as  with  n,  it  is  difficult  to  proDoun€e  it  loudly  enough  to 
excite  vibration?  in  any  hut  the  fundamental  note;  the  2d  and  Hd  harmonica, 
howe%'er,  apfiear  to  aid  in  deterniiiiing  the  clear  charaeter  of  the  note,  and 
dight  vibrations  may  be  ob^r^^ed  in  the  5th  harmonic*  The  wires  of  the 
piano  in  these  instances  may  be  said  to  analy^se  ibe  vocal  sonnd  into  \ts 
secondary  element^^  or  partial  notes;  and  Helmholtx  has^  shown  that  the 
same  result  may  be  attaineiJ  by  placing  in  connection  with  the  ear  a  seri^ 
of  glass  vesseli^,  producing  by  their  vibratitm  harmonic  note«,  and  ascer- 
taining  with  which  nt^ie  or  kind  of  note  they  n?j?otjate  most  powerfully.  In 
another  seriesofexf>eriraciil^,in!?tead  of  analyzing  the  vocal  sounds  a«i' above 
mentioned,  Helniholtz  endeavored  to  produce  them  mfiiihetic*iilift  by  accom- 
panying a  given  fundamental  note  with  its  several  harmonies,  Tbii*;  was 
accomplished  by  ii  system  of  tuning-forki?^  arranged  in  harmonic  series^  which 
could  be  thrown  into  vibration  at  will  In  vartoust  order.  Thus  the  funda- 
mental note  of  the  first  tuning-fork,  resembling  the  vowel  ii,  the  vowel  sound 
or  musical  color  o  was  produced  if  the  harmonics  2  were  powerfully,  And  Z 
and  4  were  weakly  i^ounded ;  e  was  produced  by  the  3d  octave  resonating 
powerfully  with  the  fundamental  note,  the  2  harmonic  note  moderately,  and 
the  4  and  5  hannonics  feebly,  and  so  on  for  the  other  vowel  sounds. — ^^The 
power  which  we  posses^s  of  distinguish iug  the  characters  belonging  to  similar 
notes  produced  by  different  instruments^  appears,  therefore,  to  be  due  to  & 
kind  of  analysis  being  performed  by  the  ear,  similar  to  that  effected  by  the 
wires  of  the  piano;  and  we  shall  see  that  it  is  not  unreasonable  to  attribute 
thiJ*  function  esi>ecially  to  the  branches  of  the  auditory  nerve  distributed 
upon  the  lamina  spiralis  of  the  cochlea.  It  may  be  said,  indee^l^  to  have 
received  direct  confirmation  from  the  observations  of  Hensen^  npon  the 
auditory  hairs  on  the  free  surface  of  a  Decapod  Crustacean  (Mysi^il,  Thase 
were  seen  under  the  microscope  to  vibrate  in  certain  groups  corre^p<m<ling 
with  the  special  note  sounded  in  their  vicinity.  In  the  case  of  the  human 
ear  very  effective  "damping  apparatus"  miistexist,  since  through  the  greater 
part  of  the  musical  scale  a  trill  of  ten  alternate  notes  in  the  second  can  be 
distinctly  differentiated,  which  would  be  cfmfnseti  if  the  sensatiOD  of  each 
note  persisted  much  longer  than  the  sound  itself, 

641.  The  essential  mrt  of  an  Organ  of  Hearing  h  obviously  a  nerve 
endowed  with  the  peculiar  property  of  receiving  sonorous  undulations,  atid 
of  transmitting  their  effects  to  the  Sensor i urn.  This  nerve  k  spread  out 
over  the  surface  of  a  delicate  membrane  which  lines  the  Vestibule  and  it« 
prolongations;  and  this  membrane  incloses  a  fluid,  which  is  the  medium 
whereby  the  sonorous  vibrations  received  through  the  external  ear  are  com- 
municated  to  the  nerve.  We  learn  from  an  examination  of  the  com{mra* 
tive  structure  of  the  auditor}^  apparatus  in  the  lower  animals,  and  frona  the 
study  of  its  development  in  the  higher,  that  the  part  which »  being  moat  coo- 
fitantly  present,  and  being  also  the  earliest  in  its  development,  may  be  con- 
Bid  ered  as  the  most  essential,  is  the  simple  Vestibular  cavity ;  which  exiflts 
where  there  are  no  vestiges  either  of  Semicircular  Canals,  or  Cochlea,  or  of 
Tympanic  apparatus.  8uch  a  condition  presents  itself  in  some  of  the  higher 
In  vert  eh  rat  a  and  in  the  lowest  Fishes ;  but  as  we  ascend  the  Verteb  rated 
aeries,  we  find  the  semicircular  canals  growing  out  (m  it  were>  of  the  Veiti- 
bule  in  Fishes,  a  Tympanitic  apparatus  superadded  in  Reptil©!*,  and  & 
Cochlea  fii^t  acquiring  a  more  than  rudimentary  develonment  in  the  class 
of  Birds,  although   only  presenting  in  Mammalia  that  characteristic  form 
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Ikwi  which  it  derives  its  name,'  In  regard  to  the  mode  id  which  the  ulti* 
mate  £ubdLvbiou£i  uf  the  Auditory  nerve  are  distributed  upon  tbe  h'uing 
membrane  of  the  labyrititb,  the  observatioris  of  Hiidi tiger  and  others  have 
de m o nstm ted ^tb at  tliere  are  certain  spots  named  cristre  acustitie  in  the  am- 
pullse  and  ntaculie  acugticje  in  the  sacculi^  whieb  are  of  a  yellowish  color. 
The  epithelium  of  these  parts  presents  two  formi^!  of  celk,  of  which  one  is 
cokimnai"  and  supporting,  whilst  the  other  k  fusiform  (Fig,  276j,  and  seems 

Flo.  27G. 


Dlfignni  of  thei  mod^  of  rrrnjinnriiju  of  the  ntirJltory  nenre  In  the  nmpiillfl?  and  taeciiln  1,  enrTflnRC 
of  tTi«  wsll  of  the  r]ii|jm)Iii;  2.  8tr«ciun?Utas  bBtseraMnt-nnrmhnini' ;  3,  rtouMj-cotitonriHt  nerTe-fibre; 
4,  AXiR-rylliidpr  tn^ttriahig  the  K!Lwmebt-iui?iiibra.oe;  S^plexiform  union  of  Huf  nc^rre-^hti^n  with  in- 
terfp4.'r9i^  rm^bl;  ^  rculform  cells*  witb  nucleui  mnd  dark  Abn;  In  tlieLr  iulerlor;  7,  fuiiportiiig  cells; 


to  repref*etit  the  terminal  organs  of  the  vestibular  nerves.  The  fu^aiforra 
celb  are  each  connected  at  their  ba^e  with  a  branch  of  the  auditory  nerve, 
and  tenninate  in  a  long  hair-like  process.  They  contain  a  certain  amount 
of  yellowish  pigraeut.  The  structure  of  the  cochlea  has  recently  been  ma- 
terial ly  elucidated  by  the  extraordinarily  minute  and  delicate  dissections  of 
Corti/  Bchultze^  Kolliker,  and  others,  and  may  readily  be  understood  from 


»  Fcjr  II  mop«?  (if'tniled  sketch  of  the^  Compurniive  Anntomy  0f  tlie  Oritiin  of  Hcar- 
inp5,  »e>e  the  Auihnr's  Princuilpft  of  Comparaiivo  Pby^inhigy.  ||  711-714, 

>  See  his  Mf^nuor  in  Ko'liki^r  «nd  Siebuld's  Zt*it*,  fdr  wis*.  Zrw»l<t(ji^,  \H'A,  Bd*  iii, 
Heft  1  ;  fttofj  Prut  Kdllikei-'E  Mikfo?=kop.  Annfoniie*  Bd.  ii»  |  289*  UTid  hh  Mtiminl  of 
Mkfo>^c*»pic  ATi»lOttiy»  I860;  Fick^  Aunt  u  PhysiioL  der  Sinrjt^s  Ori^HUf.  18G2,  ji* 
122;  Ri'idiTiirf'''*  Dhs  Gi?hor'Orf;finf%  Miinchcn*  1867i  with  an  Atka  of  Pbot«>|c;rMphs  j 
KeicJiprt»  Abbfind.  d.  k.  Aknd.  der  wh^.  jsu  Berlin  ;  C  Hiu^ses  Ob  the*  Mod?  of  T«r- 
jninftti<*n  tit  the  Ac^uslie  Ni*r¥**s  in  Bird^^  in  thp  GSttingPn  NuchritHilynt  1867^  iind 
KSlUker'*  Zt^it*.,  Bd   atviij  p.  59S;  Pritcbiipd,  in  Monthly  Micrfw?(iop,  Journ.^  11^78, 
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an  exammation  of  Figs.  277  and  278  ^  tlje  former  of  wbkh  represienU  ai 

tiou   tb  ruugli  oae  of  tbe  coils  of  the  eochlea,  whilst  th^  latter  shuwa  iti 


FiiJ,  277. 


Fte.  ^78. 


MV 


n»fi 


ST 


N 


Flo.  S77. — StTtiop  through  oue  i»f  the  pq[1»  df  tli6 
Cocbien.  J^T,  Mali  t  j  TJipaiil ;  «T,  neaJa  rLtitltbiiM  i  cc, 
C^nvHs  doctiLtnif ;  n,  fDfimbraDC'  of  Eclsaner,  con«1«t' 
Inf  *f  El  stnglij  lafor  of  nucleated  Asiieppd  eells^e^C^ 
tendtng  frcitu  ju«t  bt^bitii)  the  teKh  of  ibu  [Itnhuftlct 
tli«u[)f)ef  pArL  of  ihe  lig«fueat  of  tbc  CoohkA ;  lit  to 
/i^.lamtDa  sptrRlis  nii!mbniDaLxa;l!#Jlinbqii.Uniin» 
ep[riili«;  hU,  bijIcujs  Aplratli;  i^t^f  Atip^Uan  4ptrft1e  ht^^itc^ 
on  ne,  tbe  nt^rTtii  eoctil«fttifl,  indftated  Jiy  ttie  V4acl£ 
llof ;  Zw,  UmifiA  «pl rails  D3i«ft:  l^  menibrftim  tK- 
torl»;  6,  rai'iiibTniiii  liusilJiriB;  Oj,  «rg*ii  of  Corti  i 
1^,  llgAmeotum  splrnle;  fV.  t^elU  uf  CjAudlu*;  1^ 
pfOKlmml  fiKl  of  CortI  i  2,  dhltl  rud  of  Cortj. 


/^'l 


Ft",  27S.— Verttoftl  »i'ctloD  of  the  orgau  of  Cwiti  in 
the  DoK,  rimmnlA«d  8<MJ  dlnnietc'ra.  n-by  lioiiirij,;o- 
EtemiQ  Uyerof  ibe  tiierahrfttiii  buftLlarU;  u.  iHvmxU>^ 
ulir  Layer,  cofri'tpoiMJing^  to  the  stiiit  of  lh«  Eon& 
l>ecilniiU^  tr,  tfmpaiiftl  Ujer,  wjth  nucb-l,  jBtrauular 
i:i:Jl  prrtIo|kliitiiii^  aoil  irati«Viers>e  «ecllatia  of  tibrtUaf 
eotintTtivir  tiMUi^:  a,  tiLbium  tjiU|»cilcui[i  af  (be 
crbtm  i^plralls;  a'.  (^oolSnujttloD  of  the  tympabiim 
^liostviinidf  th^lfttiituH  HplmMj  mi^n;  f, thitki^hcd 
cordiijf>nv'i?'mt'iit  of  iho  membr»Dft  bMJUrin  Imnie- 
dlitvlj  exti^rnftl  to  the  |wuf«  of  the  aerve«,  A; 
(1^  ^as  fipirale;  e,  bl4M*dvei»cl ; /,  oerre  fuclcali;  ff, 

e^pitbdlutu  of  the  syk-u4  flplraliA  Intern  u*  fnoi  vvh  J 

preserved);  i,  iti  Ititenial  hair-c^il;  £,  ita  hotat  pro-  -3 

^fH ;  «iirr9iiradliig  the  Utter,  Above  the  inlai  of  emcrfeuce  of  th«  nerrei,  Air«  a  fo*  nuclei  And  a  I 
fFftfitilarmASi  Into  which  the  nert^-fthrea  BtreAra  (granute-Inf er) :  t,  Innipr  pirt  of  Ihc 
of  tbe  int^TDil  pUtmr  sud  b&lTs  of  thi^  Intemmt  bi(r-Ofcll ;  ■"!  capUulmof  thci  two  ;>•  i  u^ 

gethefp— tb«  hod  J  of  the  eitc^TDnl  fiillAr  bai  here  been  cut  through  lit  middle,  bt'bf  im]  .  •■(! 

h»M\  o,  of  the  Dtit  pniAf  come  Into  view  ;  i^  Iwie  with  nuclemtad  r*iBi*ioa  of  prij|o|j|iuui  of  ttie  l»- 
tertinl  pUUr;  p,  q,  r,  thri!«  e3Cl«riiiil  halr-f^clb  (Adiy  trACe»of  the  halut  prf^erTcdy,  the  flmt  oii<f  Atoet 
complvti?,  of  the  two  otbi^o  only  thehej.ds  arcieen^  t,  hAAAl  portion  of  two  other  hAir-crll*::  «,  Bfta- 
Mn'»  iupponlng  ecN ;  W,  latnlnA  reetcn)»rlB;  w,  A  nerre-flhre  puailng  to  the  flrf  l  halr-cMjtll,  p,  vhkh  cu 
be  followifd  bene&ih  the  Arch  to  the  pdltit  of  emergence  of  th«  fterrev. 

tkular  the  details  of  the  part  knowD  m  the  organ  of  Cortl  The  ultimate 
brnndiea  of  the  auditory  oerve  appear  also,  as  in  the  lahyrinthj  to  t^rtni- 

vol  ix,  p.  K'»0;  A,  V.  Winiwarter,  Wi«n,  AlcMd.  Sitn^^ber-,   Bd,  Iti,  Ablh,  I;  mid 

Abstniol  in  Dniralbliitl,  1870,  p.  853;  Giittateln,  UentriilbUU,  1870,  p,  f^' 

385;  and  Hiilingep  and  Wntdevrp,  in  SlrJckep'e  Hum.  nnd  Comp  II 
Soe.  Trana,,  1873,  voL  iii,  in  which  notkei  of  iiU  riacent  Utenttur©  upo:. 
win  tie  fpUEid. 
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Date  in  hair-cells  (see  Fig.  278).  The  number  of  the  arches  of  Corti  is 
eetiraated  by  Kolliker  at  3000,  or  about  33  to  each  half  uote  of  the  ordi- 
narily audible  seven  octaves. 

642.  In  order  to  gain  any  definite  idea  of  the  uses  of  different  parts  of 
the  Ear,  it  is  necessary  to  bear  in  mind  that  sounds  may  be  propagated 
amongst  solid  or  fluid  bodies  in  three  ways :  by  reciprocation,  by  resonance, 
and  by  eonduetion, — 1.  Vibrations  of  reciprocation  are  excited  in  a  sound- 
ing body,  when  it  is  capable  of  yielding  a  musical  tone  of  definite  pitch, 
and  another  body  of  the  same  pitch  is  made  to  sound  near  it.  Thus  if  two 
strings  of  the  same  length  and  tension  be  placed  alongside  of  each  other, 
and  one  of  them  be  sounded  with  a  violin  bow,  the  other  will  be  thrown  into 
reciprocal  vibration ;  or  if  the  same  tone  be  produced  near  the  string  in  any 
other  manner,  as  by  a  flute  or  a  tuning-fork,  the  same  efiect  will  result. — z. 
Vibrations  of  resonance  are  of  somewhat  the  same  character ;  but  they  occur 
when  a  sounding  body  is  placed  in  connection  with  any  other,  of  which  one 
or  more  parts  may  oe  thrown  into  reciprocal  vibration ;  even  though  the 
tone  of  the  whole  be  difl*erent,  or  it  be  not  capable  of  producing  a  definite 
tone  at  all.  This  is  the  case,  for  example,  when  a  tuning-fork  in  vibration 
is  placed  upon  a  sound-board  ;  for  even  though  the  whole  board  have  no  defi- 
nite fundamental  note,  it  will  divide  itself  into  a  number  of  parts,  which  will 
reciprocate  the  original  sound,  so  as  greatly  to  increase  its  intensity ;  and  the 
same  sound-board  will  act  equally  well  for  tuning-forks  of  several  difierent 
degrees  of  pitch.  When  a  smaller  body  is  used  for  resonance,  however,  it 
is  essential  that  there  should  be  a  relation  between  its  fundamental  note  and 
that  of  the  sonorous  body ;  otherwise  no  distinct  resonance  is  produced. 
Thus,  if  a  tuning-fork  in  vibration  be  held  over  a  column  of  air  m  a  tube, 
of  such  a  length  that  the  same  note  would  be  given  by  its  vibration,  its 
sound  will  be  reciprocated.  And  if  it  be  held  over  a  pipe,  the  column  of 
air  in  which  is  a  multiple  of  this,  the  column  will  divide  itself  into  that 
number  of  shorter  parts,  each  of  which  will  reciprocate  the  original  sound, 
and  the  total  action  will  be  one  of  resonance.  But  if  the  length  of  the  pipe 
bear  no  such  correspondence  with  the  note  sounded  by  the  tuning-fork,  no 
resonance  is  given  by  the  column  of  air  it  contains. — 3.  Vibrations  of  con- 
duciian  are  the  only  ones  by  which  sounds  can  strictly  be  said  to  be  propa- 
gated: these  are  distinguishable  into  various  kinds,  into  which  it  is  not 
requisite  here  to  inouire.  It  should  be  remarked,  however,  that  all  media, 
fluid,  liquid,  or  solia,  are  capable  of  transmitting  sound  in  this  manner;  a 
vacuum  being  the  only  space  through  which  it  cannot  pass.  The  transmis- 
sion is  usually  much  more  rapid  through  solid  bodies  than  through  liquid; 
and  through  liquid  than  through  gaseous.  The  greatest  diminution  in  the 
intensity  of  sound  is  usually  perceived  when  a  change  takes  place  in  the 
medium  through  which  it  is  propagated,  especially  from  the  aeriform  to  the 
liquid. 

643.  The  detailed  application  of  these  principles  has  been  most  elaborately 
worked  out  by  Professor  Miiller;  and  the  following  statement  is  little  more 
than  an  abstract  of  the  results  of  his  experimental  investigations;  of  which 
the  first  series  bears  specially  on  the  case  of  those  animals,  which,  living 
immersed  in  water,  receive  the  sonorous  undulations  through  that  medium. 
The  labyrinth  of  such  as  possess  a  dijJtinct  organ  of  hearing,  is  either  entirely 
inclosed  within  the  bones  of  the  head,  as  in  the  Cephalopoda  and  in  the  Cy- 
dostome  and  Osseous  Fishes;  or,  its  cavity  being  prolonged  to  the  surface 
of  the  body,  it  is  there  brought  into  communication  with  the  conducting  me- 
dium by  means  of  a  membrane,  besides  receiving  the  vibrations  through  the 
medium  of  tbe  solids  of  the  body,  as  is  the  case  in  Cartilaginous  Fishes  and 
Crustacea:  i.  Sonorous  vibrations,  excited  in  water,  are  imparted  with  con- 
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svderable  inteQsitj  to  solid  bodies. — il  Sonorous  vibrations  of  solid  bcMiies 
are  communicated  with  greater  ioteDsity  to  other  solid  bodies  brought  in  c*>n- 
tact  with  theoj  than  to  water;  but  with  much  greater  inten*$itr  to  water  than 
to  atmospheric  air, — iii,  Souorou^  vibrations  are  commuuicAted  from  air  to 
water  with  great  difficulty,  this  difficulty  very  much  exceeding  that  with  which 
they  are  propagated  from  one  part  of  the  air  to  another;  but  their  transition 
from  air  to  water  is  much  facilitate^l  by  the  intervention  of  a  lax  membrane 
extended  between  them, — iv%  8ouoroiu«  vibrations  are  not  only  imparted  from 
water  to  solid  bodies?  with  definite  surfaces  which  are  in  contact  with  the 
water,  but  are  also  returned  with  increa.Hefl  intensity  hy  these  bodies  to  the 
water ;  so  that  the  sound  is  heard  loudly  in  the  vicinity  of  those  bodies,  in 
situations  where,  if  it  had  its  origin  in  the  conducting  power  of  the  water 
alone»  it  would  be  faint. — v.  Sonorous  undulations,  propagated  through 
water,  are  partinlly  reflected  by  the  surfaces  of  solid  bodies,— vl  Thin  mera- 
branes  conduct  sound  in  water  without  anv  loss  of  its  ioteosity,  whether  they 
be  tense  or  lax, — vu.  When  sonorous  vibrations  are  commiiuicated  from 
water  to  air  inclosed  in  membranes  or  solid  bodies^  a  considerable  tocreaae 
in  the  intensity  of  the  sound  is  produced*  by  the  resonance  of  the  air  thtts 
circumscribed, — viii.  A  body  of  air  inclosed  in  a  menibrane,  and  surrounded 
by  water,  also  increases  the  intensity  of  the  sound  by  resonance,  when  the 
Bonorous  undulations  are  communicated  to  it  by  a  solid  body. 

644.  Animals  living  in  air  are  nearly  always  provided  with  an  opening 
Into  the  vestibule,  the  fcneMra  ovalkt  covered  by  a  thin  membrane;  and  gen- 
erally with  a  Tympanic  apparatus  also.  The  following  experimental  resulte 
bear  upon  the  manner  in  which  the  Ear  of  such  animals  is  a ffeett'd  byst>und: 

IX.  Sonorous  undulations,  in  passing  from  air  directly  into  water^  suffer  a 
considerable  diminution  in  their  strength  ■  while  on  the  contrary,  if  a  tetise 
membrane  exist  between  the  air  and  the  water,  the  sonorous  undulations  am 
communicated  from  the  former  to  the  latter  medium  with  great  in  tensity, — 

X,  The  sonorous  vibrations  are  also  communicated  without  any  |)ereeptible 
loss  of  intensity  from  the  air  to  the  water,  when,  to  the  membrane  forming  the 
medium  of  communication,  there  is  attached  a  short  solid  boily,  which  occu- 
pies the  greater  part  of  its  surface,  and  is  alone  in  contact  with  the  water, — 
XI-  A  small  solid  body,  fixed  in  an  oj^ening  by  means  of  a  border  of  ntein* 
brane,  so  as  to  be  movable,  communicatee  sonorous  vibrations  from  air  on 
one  side  to  water  or  the  fluid  of  the  labyrinth  on  the  other,  much  IwHter  than 
solid  media  not  so  constructed.  But  the  propagation  of  sound  Ut  the  fluid 
is  rendered  much  more  perfect  if  the  solid  conductor,  thus  octmpying  the 
ojiening,  is  by  its  other  end  fixetl  to  the  middle  of  the  tense  niemhrane  which 
has  atmospheric  air  on  both  sides, — The  fact  stated  in  tx  is  evidently  one  of 
great  importance  in  the  fjhysiology  of  hearing;  and  fully  explains  the  imltir« 
of  the  process  in  those  animals  which  receive  the  sonorous  vibrations  through 
air,  but  which  have  no  tympanic  apparatus.  In  x  we  have  the  clucidaiion 
of  the  action  of  the  fenestra  ovaliF,  and  of  the  movable  plate  of  the  stapes 
which  occupies  it,  in  animals  living  in  air  but  destitute  of  tympanic  appi* 
ratus;  this  is  naturally  the  case  in  many  Amphibia ;  and  it  may  happen  as 
the  result  of  disease  in  the  Human  subject.  In  xt  we  have  a  very  interest- 
ing demonstration  of  the  purpose  and  action  of  the  tympanum,  in  the  mow 
perfect  forms  of  the  auditory  apparatus. — We  are  now  prepared  to  impure, 
in  somewhat  more  of  detail,  into  the  actions  of  the  different  parLs  of  this  ap- 
paratus; and  it  will  be  better  to  commence  with  thoise  of  the  Middle  and  ii- 
ternnf  Eur,  the  accessory  organs  being  afterwards  considered. 

645.  The  Membrana  Tijmpani  consists  of  three  layers:  an  eMcrnal  one  c<mi* 
tinuous  with  the  cutis  of  the  external  meatus,  and  consisting  of  dermoid  tis- 
sue with  a  cohering  of  epidermic  cells ;  an  internal,  which  is  extremely  tbto, 
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oontinuous  in  like  manner  with  the  mucous  membrane  lining  the  tympanic 
cavity,  and  also  composed  of  dermoid  tissue  and  epithelium  ;  and  a  middle 
layer,  which,  according  to  Mr.  Toynbee,'  may  be  separated  into  two  distinct 
laminiB  whose  fibres  run  in  contrary  directions,  those  of  the  external  layer 
(which  is  the  stronger  of  the  two)  radiating  from  the  malleus  towards  the 
peripheral  ring  to  which  thev  are  attached,  whilst  those  of  the  internal  are 
annular.  The  fibres  of  whicli  these  laminae  are  composed  appear  to  be  ten- 
dinous; and  the  membrane  as  a  whole  is  almost  inextensible.  Mr.  Toynbee 
points  out  the  existence  of  a  tubular  ligament,  inclosing  the  tendon  of  the 
tensor  tympani  muscle ;  and  considers  that  the  membrane  is  maintained  by 
this  ligament  in  a  state  of  moderate  tension,  the  assistance  of  the  muscle 
being  only  required  to  augment  this. — The  function  of  the  Membrana  Tipn- 
pani  seems  obviously  to  be  the  reception  of  sonorous  undulations  from  the 
ur,  in  such  a  manner  tliat  it  may  be  thrown  by  them  into  a  reciprocal  vibra- 
Uon,  which  is  communicated  to  the  chain  of  bones,  and,  as  is  shown  in  the 
accompanying  little  diagram,  through  them  to  the  membrane  of  the  fenestra 
ovalis.  Helmholtz  has  shown  that  the  curvature  of  the  membrana  tympani, 
whilst  it  diminishes  the  amplitude  of  the  vibrations,  increases 
their  force.     In  its  usual  state,  this  membrane  is  scarcely  on  no.  279. 

the  stretch ;  and  this  is  found  by  experiment  to  be,  for  a  small  ^ 

nembrane,  the  best  condition  for  the  propagation  of  ordinary 
undulations.    This  is  easily  rendered  sensible  in  one's  own 

KBon;  for  an  increased  tension  may  be  given  to  the  mem- 
na  tympani,  either  by  holding  the  breath  and  forcing  air 
into  the  Eustachian  tube,  so  as  to  distend  it  from  within,  or  by  exhausting 
the  cavity,  so  as  to  cause  the  external  air  to  make  increased  pressure  upon 
it;  and  in  either  case,  the  hearing  is  immediately  found  to  become  indistinct. 
It  is  i>bserved,  however,  that  grave  and  acute  sounds  are  not  equally  affected 
by  this  action ;  for  the  experimenter  renders  himself  deaf  to  grave  sounds, 
whilst  acute  sounds  are  heard  even  more  distinctly  than  before.  This  fact  is 
readily  understood,  by  referring  to  the  laws  of  Acoustics  already  mentioned.' 
The  greater  the  tension  to  which  the  membrana  tympani  is  subjected,  the 
more  acute  will  be  its  fundamental  tone;  and  as  no  proper  reciprocation  can 
take  place  in  it  to  any  sound  tower  than  its  fundamental  tone,  its  power  of 
repeating  perfectly  the  vibrations  proper  to  the  deeper  notes  will  diminish. 
The  nearer  a  sound  approaches  to  the  fundamental  note  proper  to  the  tense 
membrane,  the  more  distinctly  will  it  be  heard.  On  the  other  hand,  when 
the  membrane  is  in  its  naturally  relaxed  condition,  its  fundamental  note  is 
very  low,  and  it  is  capable  of  repeating  a  much  greater  variety  of  sounds ;  for, 
then  it  receives  unaulations  of  a  higher  tone  than  those  to  which  the  whole 
membrane  would  reciprocate,  it  divides  itself  into  distinct  segments  of  vi bra- 
ion,  which  are  separated  by  lines  of  rest;  and  every  one  of  these  recipro- 
cates the  sound,'  at  the  same  time  rendering  it  more  intense  by  multiplica- 

*  Philosophical  Transaotion!»,  1851. 

■  Spo  th#»  KxporimcntRof  Sohaprinppr  (Wi«^n.  Aknd.  Sitz.-bor.,  Bd.  Ixii,  1870),  who 
MMKWffod  the  fMciilty  of  voluntarily  contractinfi:  his  ton-ior  tympani. 

•  Thin  is  vf»ry  easily  proved  by  experiment  on  a  membrane  stretched  over  a  resonant 
avity;  for  if  li^^ht  sand  bestrewed  upon  it,  and  afitroni;  musical  tone  be  produced  in 
ts  vicinity,  the  membrane  will  immediately  be  set  in  vibraticm,  not  as  a  whole  (unless 
t»  fundamental  note  be  in  unison  with  that  sounded),  hut  in  different  se;|i:ments  of 
vhich  every  one  reciprocates  the  sound;  from  the  vifiratini;  parts,  the  sand  will  be 
riolf'ntly  thrown  off;  but  it  will  settle  on  the  intermediate  lines  of  rest,  whirh  are 
cnowA  HS  the  nodal  lines,  formincj  a  variety  of  carious  tipures.  See  also  Donders  on 
.he  sound  colori*  of  the  vowels,  in  Donders  and  Berlius,  Archiv  f  d.  Holland.  Bel- 
.r&'.r«^  xiir  Natur  und  Ueilkunde,  Bd.  iii,  p.  446.  By  means  of  a  mmlitlcation  of  Scott*8 
brm  of  Konig's  phonautograph,  Donders  obtained  very  beautiful  pictures  or  series 
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iion  (^  642)»  These  facts  euable  os  to  UDderstaud  the  iuflueoce  of  the  tenwr 
iifmpaHt  muscle,  in  augmcDting  the  teusioa  of  the  membrane,  ancl  thus  en- 
abling  it  to  vibrate  in  reciprocation  to  sounds  having  a  great  variety  of  fun- 
damental note^.  It  appeare  to  be  antagonized  by  the  stapedius^  the  cuntmc- 
tlon  of  which  seems  to  diminish  the  tension  of  the  menibrana  tyuiponir  aod 
to  take  off  pressure  from  the  fluid  of  the  labyrinth.  Thei?e  two  muscles  cob- 
joiutly  may  be  considered  to  regulate  the  transmission  of  sonorous  uiulula- 
tious  to  the  fluid  of  the  internal  sac,  preventing  it  from  being  too  vuilejuly 
aflTected  by  loud  sounds,  iu  the  same  manner  that  the  iris  regulates  the  ad* 
mis-sion  of  light  to  the  eye  (§  612);  and  the  analogy  extends  also  to  their 
nervous  supply,  the  stapedius  being  excited  to  action  by  a  branch  of  the 
Pacial,  whilst  the  tensor  tympani  receives  its  nerves  from  the  Otic  gan- 
gliouJ  Tiiey  are  probably  put  into  conjoint  action  when  we  are  liAtefiitnj  for 
faint  sounds,  so  as  to  bring  the  tympanum  into  the  state  of  tensiou  bart 
adapted  to  reciprocate  them;  whilst  by  a  like  preparation,  the  coucu!si$m 
effucts  of  a  loud  sound  that  is  anttcipated,  are  more  effectually  mwlemu-d 
th^n  when  it  strikes  the  ear  without  warning.  It  is  probably  owing  to  »u 
imperfect  action  of  these  muscles,  that  some  persons  tre  deaf  to  grave  guilds, 
whilst  they  reitdily  hear  the  more  acute.  Helmholtz'  observei,  that  by  X\m 
transference  of  the  vibrations  of  the  tyrapauum  to  the  much  smaller  mein* 
brane  of  the  fenestra  ovalis,  raecbanical  power  is  gained  fur  the  establish- 
ment of  vibrations  in  the  comparatively  incompressible  fluid  of  the  labyrluth. 
He  observes  also  that  the  inferior  aspects  oi  the  articular  surfaces  of  the 
malleus  and  incus  are  furnished  with  small  teeth,  so  arranged  that  when  the 
malleus  moves  outwards  the  articular  surfaces  easily  separate  as  far  as  th« 
somewhat  loose  capsule  will  allow,  whilst  when  the  malleus  moves  inwards 
these  two  bones  become  firmly  locked.  The  result  of  this  is,  that  when  air 
is  blown  into  the  tympanic  cavity,  the  membrana  tympani  can  move  out- 
wards without  dragging  the  stapes  out  of  the  fenestra  ovalis. 

64G.  The  uses  of  the  Tympank  Cavity  are  very  obvious.  One  of  its  pur- 
poses is  to  render  the  vibrations  of  the  membrane  quite  free;  and  the  other, 
to  isolate  the  cbaiu  of  bones  in  such  a  manner  as  to  prevent  their  vibraU<»n3 
from  being  weakened  by  diffusion  through  the  ^surrounding  solid  part^,  Aj 
to  the  objects  of  the  Eustachian  Tabe^  opinions  have  been  mucli  divided. 
Many  of  these  opinions,  however, — such  as  the  one  most  commonly  enter* 
tained,  that  it  serves  the  same  purpose  as  the  hole  in  an  ordinary*  drum, 
removing  an  impediment  to  the  free  vibrailon  of  the  membrane  that  would 
be  offered  by  the  complete  inclosure  of  the  air  within, — are  at  once  negatived 
by  the  fact,  which  seems  to  have  been  demonstrated  by  Mr.Toyobeeand  Dr. 
Jago,'  that  the  guttural  orifice  of  the  tube  is  usually  closed^  being  only 
opened  dunug  the  act  of  swallowing/  The  principal  object  of  the  Eusta- 
chian tube  (which  is  always  found  where  there  is  a  tympanic  cavity)  secma 
to  be  the  maintenance  of  equilibrium  between  the  air  within  the  tympauum 


of  curve»^  representing  com pUcat<'d  vibrations,  not  only  of  ih«  voct1»f  Km  ^u.i  *»f  tht 
notfs  prwtlu*!ed  by  thu  piLseiiij;o  of  Ihe^  into  consonants;  of  the  Mmnd  vari- 

ous Tnusicfvl  in§tnim«nt*,  Rnd  of  vnrioua  notP*| — itll  of  which  present  cui  [.ro* 

printe  fuTax,     See  also  TyndwU's  vrork.  On  J^ound^  1867,  for  a  full  r^ame  nt  ni\  T**v^i  | 
re^parchtift,  als«  Squir©  on  The  Quality  of  Musical   Sounds,  Quarts  Journ  of  &'i., 
18fj6,  p.  600. 

»  S*M  5lr.  C.  Brooke  in  Lnnoetf  18IS,  p.  880 ;  and  Mr,  Toynb^  in  Brit,  and  Fof, 
Med.'Chir  IU*v,,  vol,  xi,  p  235. 

'  Ueber  die  Meebantk  der  Gehorknochenebon^  Pfl%er*s  Archiv,  t&lB  S**  Hum* 
pbry  and  Turn*r*e  Journal  of  Anatomy,  yoL  iii,  1868»  |>,  219;  also  8u<Ui»  NoW  Tork 
Med,  Jourti.,  June,  1874. 

*  Seo  his  very  inicre^jting  essays  in  the  Med.-Ohlr.  Review,  1807,  p|>*  175  Mid  i 

^  Ltfc,  cit.)  and  Froceedings  of  the  Royal  Society ,  1652. 
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and  the  exteraal  air ;  and  Dr.  Jago  holds  that  the  normally  closed  condition 
is  a  provision  against  the  ingress  of  aerial  undulations  from  the  throat, 
which,  if  admitted,  would  threaten  the  memhrana  tympani  with  incessant 
oecillations,  and  that  as  the  moment  seized  for  bringing  the  tympanum  into 
communication  with  the  fauces  must  be  one  in  which  there  can  be  no  respi- 
ratory current,  the  period  selected  is  the  instant  of  swallowiue,  at  which 
iDBtant  there  is  a  compulsory  suspension  of  respiration;  so  that  neither  shout- 
ing, singing,  whistling,  nor  coughing  can  be  performed.^  It  also  has  the  office 
of  conveving  away  mucus  secreted  in  the  cavity  of  the  tympanum,  by  means 
of  the  vibratile  cilia  which  clothe  its  lining  membrane ;  and  the  deafness 
consequent  on  occlusion  of  this  tube,  is  in  part  explicable  by  the  accumula- 
tion which  then  takes  place  in  the  cavity.  From  what  has  been  stated,  it  is 
evident  that  sonorous  undulations  in  the  air  will  be  propagated  to  the  fluid 
contained  in  the  labyrinth — through  the  tympanum,  tne  chain  of  bones,* 
and  the  membrane  of  the  fenestra  ovalia  to  which  the  stapes  is  attached — 
without  any  loss,  but  rather  an  increase  of  intensity.  It  is  of  great  impor- 
tance, as  Dr.  Jago  has  shown,  that  the  external  surface  of  the  membrani 
^mpani  should  be  clean  and  free  from  moisture,  since  if  it  be  rendered  moist 
tbe  power  of  hearing  is  immediately  lessened  ;  and  since  its  inner  surface  b 
continually  moist,  an  additional  argument  is  furnished  for  the  view  that 
■onorous  undulations  are  chiefly  conveyed  through  the  ossicula,  and  not 
through  the  air  contained  in  the  tympanum.  Why  water  should  be  chosen 
Bfl  the  medium  through  which  the  impression  is  to  be  made  upon  the  nerve, 
it  is  impossible  for  us  to  say  with  anything  like  certainty,  in  our  present 
■tate  of  ignorance,  as  to  the  physical  character  of  that  impression.  But  the 
problem  being  to  communicate  to  water  the  sonorous  undulations  of  air,  the 
experimental  results  already  detailed  satisfactorily  prove  that — whilst  this 
may  be  accomplished,  in  a  degree  suflicient  for  the  wants  of  the  inferior 
animals,  by  the  simple  interposition  of  a  membrane  between  the  air  and  the 
fluid — the  tympanic  apparatus  of  the  higher  classes  is  most  admirably 
adapted  for  this  purpose.  The  fenestra  ovalis  is  not,  however,  the  only 
channel  of  communication  between  the  tym])anuin  and  the  labyrinth ;  for 
there  is  in  most  animals  a  second  aperture,  ihn  fenestra  rotunda,  leading  into 
the  cochlea,  and  simply  covered  with  a  membrane.  It  is  generally  supposed 
that,  the  labyrinth  being  filled  with  a  nearly  incompressible  fluid,  this  second 
aperture  is  necessar}'  to  allow  the  free  vibration  of  that  fluid  ;  the  membrane 

'  Luck  (Archiv  f.  Ohrenhoilk.,  Bd.  iii,  p  186)  inaintHins  that  exchange  of  air  in 
the  lympanum  takes  place  during  the  ordinary  act^*  of  respiration,  and  that  it  is  «o< 
Kmit'-d  to  the  instant  of  swallowincc.  See  Zuckerkandl,  Zur  Anat.  u.  Phypiol.  der 
Tuba  Eustaohiana.  MonRtj*Fch.  f  Ohrenheilk.,  Deo.  1878,  and  Kuapp's  Archives  of 
Ophth.  and  Otol.,  1874,  vol.  iv,  No.  1,  p.  1*J6. 

'  For  papers  t^howing  that  sounds  are  chiefly  conducted  throu&:h  the  bones  of  the 
tympunnm,  see  J.  Jago,  in  Proceedings  of  Royal  Society,  1857-59,  vol.  ix,  p.  134; 
and  J.  Toynbee,  in  idem,  1850-60,  vol.  x,  p.  82.  See  alA)  on  this  point  Dr.  Gustav 
Brnnn«*n,  on  The  Connection  between  the  Ossich'S  of  Hearing,  in  Knapp's  Archives 
of  Ophthalmology  and  Otology,  vol.  iii,  No.  2,  p.  145,  and  Burnett,  Monthly  Journal 
of  AutbI  Surgery,  July,  1871;  Polilzer,  Archiv  f.  Ohnnheilk  ,  Bd.iv,  Heftl.  Buck^ 
however  (Hinton's  Report  on  Otology,  Med.-Chir.  R«*v.,  April,  1873,  p.  489),  found, 
on  mi-A»uring  with  a  micrometer  the  little  lines  into  which  starch-granules  scattered 
over  the  ossicula  are  thrown,  that  the  vibrations  of  the  malleus  are  twice  as  largo  as 
thnno  of  the  incus,  and  four  times  as  larire  as  those  of  tho  stapes,  hence  the  intensity 
of  the  sound-waves  appears  to  undergo  diminuti(>n  on  their  passage  from  the  mem- 
bmna  tympani  to  the  labyrinth.  The  views  of  Moller,  admitting  waves  of  cond«*n- 
Mtion  and  ntfefHCtion,  are  supported,  in  part  at  least,  by  Hcnsen  and  Schmidckam 
(Unt«*rbucb.  a.  Kinder.  Instituts,  1809)  and  Ilenke  (ZeiU.  f.  rat.  M^kI.,  Bd.  xxxi), 
who  fastened  glass  threads  to  the  ossicula,  and  ob-served  great  variation  in  the  ampli- 
tude of  tho  vibrations,  which  were  sometimes  vertical  and  sometimes  transverse 
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of  the  feoeetra  rotunda  \yeiug  made  to  bulge  oiitt  as  that  of  the  fenestrik  oval 
is  pushed  in.  It  may  be  easily  shown  by  experinieut,  however,  a**^  well  m 
by  reference  to  comparative  anatomy,  that  no  such  contrivance  is  Decenary ; 
for  sonorous  undulations  may  be  excited  in  a  non-elaslic  tluid,  completit'ly 
incloseii  within  solid  walls  at  every  part,  except  where  these  are  repliiced  by 
the  mcnibmue  through  wliich  the  vibratious  are  pro|>agated ;  and  thi*  is 
precisely  the  condition,  not  only  of  Invertebraled  animals,  but  eveo  of  Frogi ; 
in  which  last  a  tympanic  apparatus  exists,  without  a  second  orifice  into  3]a 
labyrinth.  Moreover,  it  is  certain  that  the  vibrations  of  the  air  in  the  cavity 
of  the  tynipanum  must  of  themselves  act  upon  the  membrane  of  the  feue»im 
rotunda;  and  ihk  h  i)erhaps  the  most  direct  manner  in  which  the  fluid  m 
the  cochlea  wil!  be  affected,  although  it  will  ultimately  be  thrown  into  much 
more  powerful  action,  by  the  transmission  of  vibrations  froai  the  vestibule. 
For  it  has  been  satisfactorily  deternjined  by  experiment  (xit),  that  vibntilous 
are  transmitted  with  very  much  greater  intensity  to  water,  when  a  tense 
membrane,  and  a  chain  of  insuJated  solid  bodies  capable  of  free  movement, 
are  successively  the  conducting  media,  than  when  the  media  of  communica- 
tion between  the  viljmting  air  and  the  water  are  the  mme  tense  membrane, 
air,  and  a  second  membnine;  or,  to  apjjiy  this  faet  to  the  or^an  of  heartiigf 
the  same  vibrations  of  the  air  act  upon  the  fluid  of  the  labynnth  with  mueh 
greater  intensity,  through  the  medium  of  the  chain  of  auditory  bones  and 
the  fenestra  oval  is,  than  through  tlie  medium  of  the  air  of  the  tympttuum 
and  the  membrane  closing  the  fenestra  rotunda,  which  last,  it  is  mainta^tned 
by  Dr.  Jago,  has  little  if  any  influence  in  the  transmission  of  sounds  to  the 
internal  Ear.— The  fenestra  rotunda  is  not  to  be  considered  as  having  any 
peculiar  relation  witli  the  cochlea,  since,  in  the  Turtle  tribe,  the  former  exisLs 
without  the  latter 

G47.  It  is  obviously  in  the  7Ui%rm/A,  as  a  whole,  that  the  sonorous  Tibim- 
tions  are  brought  to  bear  upon  the  Auditory  nerve  spread  out  to  receive 
them.  In  regard  to  the  special  functions  of  particular  parts  of  the  labyriuthy 
however,  no  certainty  can  be  said  to  exist.  The  membrane  which  lines  it« 
cavities  not  ouly  conlaius  a  liquid  (the  emhlt^mph),  but  is  also  separated 
from  the  osseous  wall  by  auothcr  collection  of  liquid,  the  pcrilpnph^  sci  that 
it  is  suspended,  as  it  were,  iu  a  liquid  which  bathes  both  its  surfaces.  In 
the  cavity  of  the  Vestibule,  which  is  subdivided  by  a  membranous  purtitioa 
into  two,  are  round  small  masses  of  concretionary  particles,  coUcctively 
named  oiocoma^  or  ear* powder;  these  are  obviously  the  rudiments  of  th« 
otolithic  or  ear-stoues,  whose  presence,  tu  animals  with  a  less  perfect  auditory 
apparatus,  seems  needful  to  intensify  the  undulations, — It  is  commonly  sup- 
po^^d  that  the  Senikireular  Canah  have  for  their  peculiar  function,  to  re- 
ceive the  impressions  by  which  we  distiuguish  the  in reciiQn  of  sounds;  and 
it  is  certainly  a  p<»werful  argument  in  support  of  this  view,  that,  in  ^mmi 
every  instance  in  which  these  parts  exist  at  all,  they  hold  the  same  relative 
p(.>sitions  as  in  Man,  their  thi^c  planes  being  nearly  at  right  angle*  li>  one 
another.  The  idea,  however,  must  be  regarded  as  a  mere  speeulatiotij  the 
value  of  which  cannot  be  decided  without  an  increased  knowledge  t*f  the 
laws  according  to  which  stmorous  vibrations  are  transmitted  ;  but  it  receives 
a  certiiin  degree  of  confirmation  from  the  curious  movements  witnes^  by 
M.  Floureus^  after  section  of  one  or  other  of  the^  canals  (§  526> — H^ara- 
ing  the  special  function  of  the  Cochlea,  there?  is  precisely  the  same  uneertaiQiY. 
It  has  been  surmised  hy  M.  Bug^,  that  by  the  Cochlea  we  are  Gfipecialfy 


'  Aiid  cohflrmi-tl  by  Lwwenberg  (Afchlves  of  Ophthflimahigy  und  Olology»  ¥«»l. 
lit,  N<i.  2,  p.  31,  1^74),  wlw  iitlribuleii  tb<;iii  lu  irWi^^ion,  wrid  iii>l  to  parAlytb  af  tin 
nerrea. 
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OMibled  to  estimate  the  pitch  of  sounds,  particularly  of  the  voice ;  and  he 
adduces,  in  support  of  this  idea,  the  fact,  that  the  development  of  the  cochlea 
fidlows  a  very  similar  proportion  with  the  compass  of  the  voice.  This  is 
■lOch  the  greatest  in  the  Mammalia ;  less  in  Birds ;  and  in  Reptiles  which 
have  little  true  vocal  power,  the  cochlea  is  reduced  to  its  lowest  form,  dis- 
appearing entirely  in  the  Amphibia.  That  there  should  be  an  acoustic  rela- 
tion between  the  voice  and  ear  of  each  species  of  animal,  cannot  be  re- 


e    ,^ 


g      q    r 

▼erticftl  Section  of  Uie  Haman  Ear,  the  internal  portions  on  an  enlarged  scale :  a,  b,  e,  external  ear; 
4  Mitranee  to  auditory  canal,/;  e,e,  petrous  portion  of  temporal  bone;  g,  membrana  tympani;  h, 
cvrltyof  the  tymfianum,  the  chain  of  bones  being  reraovi-d;  i,  openings  from  this  cavity  into  the 
cella,  Jt  excavated  in  the  hone ;  on  the  side  opposite  the  membrana  tympani  are  seen  the  fenestra 
•talia  and  rotunda;  ft,  Eustachian  tube;  /.vestibule;  m,  semicircular  canals ;  n,  cochlea;  o,  auditory 
itrre ;  p,  canal  for  carotid  artery ;  9,  part  of  glenoid  fossa ;  r,  styloid  process ;  «,  mastoid  process. 

Rrded  as  improbable ;  and  the  speculation  of  M.  Dug^  derives  confirmation 
»m  the  researches  of  Helmholtz,  who  appears  to  consider  that  the  function 
of  the  cochlea  stands  in  intimate  relation  with  our  power  of  discriminating 
diflereDces  in  the  quality  of  sounds.  This  will  naturally  follow  from  his 
demonstration  that  the  tivihre  depends  upou  the  harmonic  combinations ;  if 
it  be  the  function  of  the  cochlea  to  discriminate />i7M.  According  to  his 
obeenrations,  the  individual  branches  of  the  auditory  nerve  are  only  capable 
of  distinguishing  simple,  pendulum-like  vibrations;  but,  as  already  stated 
({  640),  all  ordinary  sounds  are  compound  in  their  nature,  the  fundamental 
note  being  accompanied  by  harmonics ;  these  throw  corresponding  fibres  into 
vibration,  and  produce  an  impression  which  may  be  likened  to  a  color.  Tlie 
analogy  which  exists  between  the  power  of  distinguishing  colors  and  that  of 
diacriminating  musical  tones  has  long  been  recognized ;  and  whilst  we  find 
that  some  persons  are  endowed  with  the  latter,  which  is  commonly  known  as 
«  "  musical  ear,"  in  a  degree  that  renders  it  a  source  of  great  discomfort  to 
them  (since  every  discordant  sound  is  a  positive  torment),  others  are  alto- 
gether destitute  of  it, — the  deficiency  being  very  analogous  to  the  "  color- 
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blindness"  formerly  described  (§631),     It  is  not  a  little  curious,  that  \he\ 
two  defects  are  occasionally  coexistent  in  the  same  iDdividuale/ 

[The  late  Dr.  Samuel  Jackson,  Professor  of  the  Institutes  of  Medicine  in 
the  University  of  Pennsylvania,  thought  that  the  semicircular  caoala  acted 
by  isuppressiog  the  sonorous  undulations  or  vibrations  of  the  Ijtiiph  of  the 
vestibule,  which  are  the  imme^iiate  excitanta  of  the  sense  of  hearing.  Tbey 
arrest  the  waves  of  reflexion,  which  would  necessarily  occur  in  a  simple 
cavity,  wholly  limited  by  plane  surfaces,  as  the  vestibule  would  be  without 
these  appendages,  and  as  is  the  cuse  with  the  rudimentary  vestibule  or  inter- 
nal ear  of  the  In  vertebra  ta.  The  production  of  mere  sound  or  noise  of  dif- 
ferent intensities  would  result  frc*ra  reflected  undulatory  vibrations  main- 
tained  in  the  labyrinthic  fluid,  while  the  perception  of  immense  numbers  of  ^ 
fine  and  delicate  tones,  and  varying  qualities  of  sound,  now  so  characteristic^^ 
of  the  hearing  of  man  and  the  higher  animals,  would  be  rendered  impossible  ^^ 
in  the  confusion  of  vibrations  to  and  fro  in  the  fluid  of  the  labyrinth,  but  for 
the  semicircular  canals,  by  which  the?  are  suppressed.  These  canals,  in  the 
apparatus  of  hearing,  were  considered  by  Dn  Jackson  as  corresponding,  in 
function,  with  the  pigmenlum  nigrum  of  the  choroid  coat  in  the  organ  of 
vision.  The  precise  mode  in  which  this  suppression  is  accomplished,  will  be 
better  appreciated  by  following  up  Dr,  Jackson's  compari^m:  ^J 

"The  two  senses  and  their  apparatus  are  homologous.     The  essential  pbe^^f 
nomcna  and  laws  of  each  are  identicah     The  knowledge  of  those  of  the  one  ^1 
sense  demonstrates  those  of  the  other.     The  conditions  of  perfect  virion  and 
perfect  hearing  are  the  same.     They  are,  1st*  The  existence  of  separate,  in- 
dependent, sensitive  spaces  or  sections  of  the  retina  for  distinct  images  and 
perceptions  of  visual  impressions.     Volkninnu  estimates  these  to  be  (10005 
mm.;  and  others  at  jfloio^jo  ^^  ^^  '°^^-     2^*  ^  single  distinct  impression  ^ 
made  by  the  molecular  vibration  of  the  ether,  the  exeitor  of  the  sense  of  ^1 
sight  ■ 

"  The  above  conditions  are  obtained  (a)  by  the  special  anatomical  arrange- 
ment of  the  retina  ;  {b)  by  the  refracting  apparatus  of  the  globe  of  the  eye, 
that  concentrates  the  undulatory  rays  of  the  ether,  proceeding  from  every  j 
point  of  a  visual  object,  on  the  distinct,  sensitive  points  or  spaces  of  the! 
retina;  (c)  by  the  suppression  of  the  undulatory  vibrations,  immediately  they  [ 
have  excited  an  imprest^ion  on  the  retina,  bv  the  black  pigment  of  the  cho- 
roid coat*    Their  reflection  from  the  exterior  surface  of  the  sclerotic  coat, 
and  reiterated  excitement  of  the  retinal  surfaces,  is  thus  prevented,     lo  Al- 
binos the  pigment  of  the  choroid  is  either  deficient  or  absent,  and  the  ooiis^ 
quen<?e  is  indistinct  vision  m  daylight,  from  the  general  excitt*ment  of  the 
retina  by  the  reflected  undulations  of  the  ether  occupying  the  gluh^  of  the 
eye. 

''  The  same  conditions  are  obtained  in  hearing :  1st,  By  the  auditive  nefre 
being  decomposed  into  its  separate  filaments  and  ganglionic  vesicles,  amount- 
ing to  some  thousands,  and  spread  out  in  a  manner  to  receive  single,  iudi- 
vidua]  impressions  in  the  membranous  vestibule,  ampulhe,  and  ou  the  lamina 
spiralis  of  the  cochlea.  2d.  By  the  molecular  nndulatiouB  or  vibrations  ex- 
cited in  the  fluids,  perilymph  and  endalymph,  by  the  sonorous  undulatiom  { 
communicated  by  the  stapes,  occupjHng  tfie  fenestra  oval  is.  From  tlil**  pami 
they  radiate  in  expanding  waves  of  nudulatious,  strike  on,  and  posa  through 
the  membranous  vestibule  and  ampul  he,  on  which  the  filaments  of  the  vet- 
tibular  branch  of  the  auditive  nerve  are  arranged,  producing  a  single,  distio^ 

*  See  A  culleetion  of  luch  caica  by  Dr*  PUoy  Ettrle,  la  Araer.  Joarn.  of  Mt4*  Bd%  , 

vol.  XXXV, 
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impression,  reinforced  by  the  resonauce  of  the  superimposed  otoconis,  and 
exciting  a  single  and  distinct  impulse  and  perception  of  sound.  These  bodies 
act  like  the  sounding-board  of  the  piano.  The  sonorous  vibration  having 
thus  completed  its  ofhce,  the  specific  excitation  of  the  sense  of  hearing  must, 
like  that  of  the  visual  vibration,  cease,  or  be  suppressed.  This  occurs,  in 
part,  in  the  ampulla),  but  mostly  in  the  semicircular  canals. 

"The  vibrations  of  the  cndolymph,  reaching  the  ampullu[>,  are  partially 
broken  and  weakened  at  their  openings:  those  entering  the  ampullar  again 
expand,  losing  thereby  their  im])etus,  and  either  die  away  against  the  mem- 
hranous  walls,  or  come  in  contact  with  the  vibrations  of  the  perilymph  or 
their  exterior.  The  two  can  scarcely  be  in  perfect  consonance  of  expansion 
or  condensation,  and  interference  ensues,  by  which  they  are  suppressed.  In 
thb  mode  all  the  feebler  vibrations  are  terminated.  Ihose  of  greater  force 
enter  simultaneously  the  two  opposite  oi)enings  of  the  semicircular  canals. 
The  orifices  and  commencement  of  each  canal  differ  as  to  size  and  form,  and 
consequently  each  entering  wave  of  undulatory  vibration  is  modified,  thus 
losing  their  consonance  of  expansion,  and  when  they  meet  interference  and 
sappression  result.  Refiection  of  sonorous  vibrations  is  completely  provided 
against. 

**  Parallel  conditions  exist  in  the  cochlea.  Its  two  canals — the  superior 
scala  vestibuli,  and  the  inferior  scala  tympani — are  filled  with  lymph  fluid, 
continuous  and  identical  with  that  of  the  vestibule.  The  first,  the  scala 
vestibuli,  is  the  principal  seat  of  hearing.  On  its  lamina  spiralis  is  expanded 
a  sentient  nervous  structure,  the  recipient  of  the  sonorous  vil)rations  excita- 
tive of  the  sense  of  hearing.  It  is  the  homotype  of  the  retina  of  the  eye. 
The  scala  tympani  furnishes  space  for  spreading  out  the  filaments  of  the 
nerve,  but  the  terminal  extremities  pass  through  the  membranous  spiral 
lamina,  to  be  incorporated  with  the  sentient  organ  of  hearing  in  the  superior 
canal  or  scala  vestibuli.  The  filaments  of  the  inferior  canal  or  scala  tym- 
pani are  mere  conductors  of  the  nervous  excitement  of  the  auditive  sentient 
membrane.  The  scala  tympani,  similar  to  the  semicircular  canals,  has  no 
direct  connection  with  the  production  of  hearing.  It  is  the  homotype  of  the 
semicircular  canals,  and  performs  the  same  office. 

*'  The  sonorous  vibrations,  starting  from  the  sta|)es  and  fenestra  ovalis, 
rushing  into  the  adjacent  opening  of  the  scala  vestibuli,  excite,  by  their  im- 
pulse, the  auditory  membrane  or  retina,  spread  over  its  lamina  spiralis,  and 
reach  its  termination,  where  it  opens  into  the  scala  tympani.  Feeble  vibra- 
tions may  subside  spontaneously  by  exhaustion  from  their  extension.  The 
stronger  pass  on  into  the  scala  tympani,  where  they  fade  away,  or  are  sui>- 
preseed  by  the  interference  of  vibrations  entering  the  inferior  canal  by  the 
fenestra  rotunda  from  the  tympanum.  The  condition  for  perfect  hearing, 
for  the  distinct  perception  and  appreciation  of  the  finest  tones  and  notes,  so 
that  each  vibration  shall  make  but  one,  single,  distinct  impression,  and  then 
be  suppressed,  is  thus  amply  fulfilled. 

"Analogous  provisions  are  perceived  to  exist  in  the  tympanum,  to  pre- 
serve in  that  cavity  the  perfect  wave  systems  of  undulations,  indisi)ensable 
to  the  perfection  of  the  sense  of  hearing.  Vibrations  existing  in  air,  con- 
tained in  a  cavity  with  plane  walls,  would  continue  to  be  reflected  from  side 
to  side,  producing  confused  sounds  or  noise.  The  air  in  the  tympanum  is 
thrown  into  vibrations  by  impulses  of  the  membrani  tympani.  They  are 
communicated,  pure,  and  in  perfect  accord,  to  the  membrane  of  the  fenestra 
rotunda.  This  curious  and  beautiful  result  is  eflected  in  the  following  man- 
ner: on  one  side  the  tympanum  commuuicatos,  by  numerous  openings,  with 
the  mastoid  cells  communicating  with  one  another.  All  the  vibrations  im- 
pinging on  this  side  are  suppressed  in  the  mastoid  cells.     Those  that  reach 
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the  opposite  Buh  are  swallowed  up  and  lost  in  the  Eustachian  tube.    All] 
r^ouaoce  and  reflection  of  vibrations  are  euppressed,  and  the  wave-ssTstemil 
of  sonorous  vibrations  traverse  the  tympanum  undisturbed,  enter,  with  aug- 
meoted  force,  the  lymph  fluid  of  the  seala  tympanic  and  meet  the  corre- 
sponding undulations  coming  from  the  scala  vestioultj  from  which  both  STt- 
terns  are  suppressed  by  interference, 

"The  small  space  through  which  the  vibrations  pass,  and  the  rapidity  of 
their  movetnents  in  fluids,  cause  the  impressions  they  make  on  the  nervgui  I 
sentient  organ,  and  the  perceptions  they  excise,  to  appear  as  an  instautaneoua  | 
act.     The  mind  has  cognizance  of  them,  however  diversified  tbey  may  be,  m  I 
a  unity  of  isounds  simultaneously  instant  In  action  j  whence  it  fonns  the  com- 
pound' idea  of  perfect  harmony* 

"An  analogous  phenomenon  occurs  in  vision*    When  a  body,  eompoted  , 
of  different  forms  and  coIotb,  is  pra»ented  to  the  eye — a^  a  "bouquet  of| 
flowers,  a  tandgimjie,  or  picture^ — e^ch  different  form,  cobr,  tint,  and  diading, 
are  perceived  bleuded,  but  perfect  and  distinct,  forming  the  image  of  a  single 
object*     Yet  thousands  of  ether  vibrations  are  traversing  the  eye,  and  are 
exciting  each  a  separate^  distinct  imprcj^sion,  without  confusion,  on  the  retina, 
and  as  many  distmct  and  separate  perceptions,  from  which  a  oorrespondiDg  i 
conipouud  idea  of  a  single  object  is  formed  by  the  mind.-'] 

648*  We  have  now  to  consider  the  functions  of  the  accessory  parts, — tha  ' 
External  Ear,  and  the  ^feattts.  The  Cartilage  of  the  external  ear  roa/ 
propagate  sonorous  vibrations  in  two  ways;  by  reflection,  and  by  conduc- 
tion- In  reflection,  the  concha  is  the  most  important  piirt,  since  it  direct! 
the  reflected  undulations  towards  the  tragus,  whence  they  are  Hn\>wn  into 
the  auditory  passage.  The  other  inequalities  of  the  external  ear  cannot  pro- 
mote hearing  by  reflection  ;  and  the  purpose  of  the  extension  (jf  it^  cartilage 
is  evidently  to  receive  the  sonorous  vibrations  from  the  air,  and  to  cunduct 
them  to  it^' source  of  attachment.  In  this  point  of  view  the  inequaUiifss  be* 
come  of  importance;  tor  those  elevations  and  depressions  upon  which  the 
undulations  iall  perpendicularly,  will  be  aflccted  by  them  in  the  most  in  tens** 
degree;  and  in  consequence  of  the  varied  form  and  position  of  these  in- 
equalitip^«,  sonorous  undulations,  in  whatever  direction  they  may  c*ime,  must  j 
fftU  advantageouslv  upon  &t>me  of  them, — -The  functions  of  the  Meatus  ap- 
pear to  be  threefold.  The  s<morous  undulations  entering  from  the  atmos- 
phere are  propagate*!  directly,  without  dispersion,  to  the  membrana  tym- 
pani ;  the  sonorous  undulations  received  on  the  external  ear  are  conveyed 
along  the  walls  of  the  meatus  to  the  membra na  tympaDi ;  whilst  the  aix 
which  it  contains^  like  all  insulated  masses  of  air,  increases  the  intensity  of 
sounds  by  resonance.  That  in  ordinary  bearing,  the  direct  transmis^ioii  of 
atmospheric  vibrations  to  the  mem  bran  a  tympani  is  the  principal  meatia  of 
exciting  the  reciprocal  vibrations  of  the  latter,  is  suflicieutly  evident ;  the 
undulations  which  directly  enter  the  passage^  will  pass  straight  on  to  tlie 
membniue;  while  those  that  enter  obliquely  will  be  reflected  from  side  to 
side,  and  at  last  will  fall  obliquely  on  the  membrane,  thus  perhaps  eoa- 
tributiug  to  the  uotion  of  direction.  The  power  of  the  lining  of  the  meatus 
to  conduct  sound  from  the  external  ear,  is  made  evident  by  the  fact  that, 
when  both  ears  are  closely  stopjied,  the  sound  of  a  pipe  having  its  lower  ex* 
tremity  covere<l  by  a  membrane,  is  heard  more  distinctly  when  it  is  appli«<i 
to  the  cartilage  of  the  external  ear  itself,  than  when  it  is  placed  in  contact 
with  the  surface  of  the  bead.  The  resonant  action  of  the  air  in  the  tube  ii 
easily  demonstrated,  by  lengthening  the  passage  by  the  introduction  uf  auotllflr 
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tube;  the  inteDsity  of  external  sounds,  and  also  that  of  the  individuars  own 
voire,  as  heard  by  himself,  is  then  much  increased. 

649.  Many  facta  prove,  however,  that  the  fluid  of  the  Labyrinth  may  be 
thrown  into  vibration  in  other  ways  than  by  the  Tympanic  apparatus.  Thus 
in  Osseous  Fishes,  it  is  only  by  the  vibrations  transmitted  through  the  bones 
of  the  head,  that  hearing  can  take  place.  There  are  many  persons,  again, 
who  can  distinctly  hear  sounds  which  are  thus  transmitted  to  them ;  although, 
through  some  imperfection  of  the  tympanic  apparatus,  they  are  almost  in- 
aeneible  to  those  which  they  receive  in  the  ordinary  way.  It  is  evident, 
where  this  is  the  case,  that  the  nerve  must  be  in  a  state  ftiUy  capable  of  func- 
tional activity ;  and  on  the  other  hand,  where  sounds  cannot  thus  be  perceived, 
there  will  be  good  reason  to  believe  that  the  nerve  is  diseased.  Urbautschitsch^ 
finds  that  there  are  three  deaf-spots  in  each  ear,  or  spots  in  which  a  vibrating 
tuning-fork  passed  in  front  of  the  ear  is  not  heard.  The  two  chief  areas  have 
the  form  of  two  little  triangles,  one  of  which  extends  forwards  and  upwards, 
the  other  backwards  and  upwards. 

650.  The  power  of  distinguishing  the  direction  of  sounds  appears  to  be,  in 
Man  at  least,  for  the  most  part  acquired  by  habit ;  for  it  is  some  time  before 
the  infant  seems  to  know  anything  of  the  direction  of  noises  which  attract 
bis  attention.  Our  judgment  as  to  this  point  is  pmbably  assisted,  in  most 
cases,  by  a  difference  in  the  intensity  of  the  sensations  received  through  the 
two  ears  respectively ;  but  since  we  have  a  certain  power  of  appreciating  di- 
leetion  when  one  ear  alone  is  used,  this  power  must  depend  upon  an  exercise 
of  perceptive  discrimination  (which  is  probably  acquired,  rather  than  in- 
tuitive) in  regard  to  the  im])ressions  which  we  receive  through  its  means; 
and  it  has  been  already  mentioned  that  the  Semicircular  canals  (§  647)  ap- 
pear to  furnish  the  instrumentality  by  which  our  minds  are  enabled  to  take 
cognizance  of  such  differences. — 'The  idea  of  the  distance  of  the  sonorous 
body  is  another  acquired  perception,  depending  principally  upon  the  loud- 
ness or  fointness  of  the  sound,  when  we  nave  no  other  indications  to  guide 
OS.  In  this  respect  there  is  a  great  similarity  between  the  perception  of  the 
distance  of  an  object,  through  the  Eye  by  its  size,  and  through  the  Ear  by 
the  intensity  of  its  sound.  When  we  are  acquainted  with  the  usual  intensity 
of  its  sound,  we  can  judge  of  its  distance  ;  and  vice  verfd,  when  we  know  its 
distance,  we  can  at  once  form  an  idea  of  its  real  strength  of  tone  from  that 
with  which  our  ears  are  impressed.  In  this  manner,  the  mind  may  be 
afTected  with  corresponding  deceptions  through  both  senses ;  for  as,  in  the 
Phantasmagoria,  the  figure  being  gradually  diminished  while  its  distance 
remains  the  same,  it  appears  to  the  spectators  to  recede  (the  illusion  being 
more  complete  if  its  brightness  be  at  the  same  time  diminished);  so  the 
effect  of  a  distant  full  military  band  gradually  approaching,  may  be  alike 
given  by  a  corresponding  crescendo  of  concealed  instruments^.  It  is  upon  the 
complete  imitation  of  the  conditions  which  govern  our  ideas  of  the  intensity 
and  direction,  as  well  as  of  the  character,  of  sounds,  that  the  deceptions  of 
the  Ventriloquist  are  founded.  A  very  curious  instance  of  the  degree  in 
which  our  auditory  interpretation  is  affected  by  other  sense-perceptions,  is 
afforded  by  the  "  Crhost "  exhibition  which  has  recently  been  so  popular ; 
for  it  is  scarcely  possible  to  avoid  referring  to  the  place  where  they  seem 
to  be  made,  sounds  which  are  really  produced  elsewhere. 

651.  The  Auditory  sense,  like  the  visual,  may  vary  considerably  among 
different  individuals,  l)oth  as  regards  its  genenil  acuteness,  and  as  respects 
its  discriminative  power  for  particular  classes  of  impressions.  Much  de- 
pends upon  the  habit  of  atiefition  to  its  indications ;  and  thus  it  comes  to 

1  Centrttlblatt  f.  d.  Med.  Wiss.,  1872,  No.  3. 
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pnm,  that  the  power  of  hearing  very  faint  sounds  and  of  recogoldng  their 
source  becomes  augmented  to  a  wonderful  degree  in  tho^  individuals  wbt? 
are  obliged  to  tni^t  to  the  knowledge  thus  acquired  for  the  directioti  of  their 
own  actions ;  whilst,  in  like  manner,  the  power  of  distinguishing  slight  dif- 
ferences in  the  pitch  of  sounds,  may  be  so  cultivatjed  (where  it  U  Dot  con* 
genitally  defieient)  as  to  attain  an  inteusily  ibat  seems  very  extraordinary 
to  those  who  have  not  accustomed  themselves  to  listen  for  them*  The  gen- 
eral cultivation  of  this  sense  is  perhaps  most  remarkable  in  blind  perK>n*, 
who  have  enabled  themselves,  oy  reliance  upon  it,  to  walk  about  Ireely, 
even  in  the  crowded  thoroughfares  of  the  metrofmlis ;  and  who  are  not  only 
able  to  judge  of  the  habits  of  individuals  whom  they  meet,  by  the  sound  of 
their  footsteps  (at  once  recogniziug^  for  instance,  the  footstep  of  a  policeman 
ou  duty),  but  can  even  tell  when  they  are  paiJ.^ing  a  stationary  object  (^uch 
as  a  la  mil- post),  provided  it  he  as  high  as  the  ear  or  nearly  m^  by  the 
reverberatiou  of  the  sound  of  their  own  foot^Hte[is,  and  can  didcrimiuate  be- 
tween a  iamp*post  and  a  man  standing  M\U  in  the  pa?iition  of  one,  by  tb« 
Rime  means.*  The  efleet  of  habitual  attention  in  increasing  the  dbcnminft- 
tive  po\ver  for  impressions  of  one  particular  kind,  is  perbajjs  be^t  ^en  in  the 
ability  which  is  possessed  by  certain  Conductors  of  orchestral  performances, 
to  detect  the  slightest  departure  from  time  or  tune  in  the  sound  of  any  one 
of  Cperhap)  a  hundred  instruments  that  are  simultaneouslv  mounding'  and 
to  fix  without  hesitatiim  ufxm  the  faulty  instrumentalist.  Seebcck.  indeed, 
affirms  thiU  aecomnlished  musicians  can  detect  a  difiTerence  in  pitch  be- 
tween two  sioundi?  which  only  differ  l>y  yA^^^^  '"  *^<^  number  of  tbeir  vibm- 
tions."  According  to  the  researches  of  jVI>L  Reux  and  Wolff,'  our  faculty 
of  estimating  ditferences  in  the  intensity  of  sounds  is  much  It'ss  perfect. 
When  the  Inteni^ities  of  two  sounds  are  to  one  another  as  T  to  10,  the  dif- 
ference can  be  distinguished,  but  not  when  they  are  in  the  relation  of  9  to 
10.  The  advantage  resulting  from  the  simultaneous  employnient  of  the 
two  ears  in  distinguishing  minute  differences  in  the  intensity  and  pitch  of  ' 
mHtnds,  is  well  shown  in  the  experiment  suggested  by  M.  Weber,  i»f  hid  ding 
two  watches  in  the  hand  before  one  ear,  when  it  will  be  found  that  the  suc- 
cessive sounds  can  be  distinctly  beard,  though  they  cannot  be  distinguished 
one  from  the  other,  whilst  if  one  be  held  in  front  of  each  ear  the  two  souudfi 
can  be  clearly  discriminated, 

652.  Facts  of  much  interest  have  been  ascertained^  some  of  which  hare 
been  already  alluded  to  (|  471),  in  regard  to  an  occasional  difference  in  tlie 
rapidity  of  the  perception  of  sensory  impressiims  received  through  the  Eye 
and  through  the  Ear  respectively*  "these  facts  are  the  result  of  eomparisom 
made  aniongst  diilereut  Astronomical  observers,  who  may  be  watcbing  the 
same  visual  phenomenon,  and  "timing"  their  observations  by  the  came 
clock  ;  for  it  has  been  renuirked,  that  some  persons  see  the  same  occurrence, 
a  third  or  even  a  half  of  a  second  earlier  than  others.  There  is  no  reason 
to  suppose  from  this,  however,  that  there  is  any  difference  in  the  rate  td 
transmission  of  the  ^n&ory  impressitms  in  the  two  nerves.  The  fact  seems 
rather  to  be,  that  the  Benson  urn  does  not  readily  pejrceive  two  impres^ioiii 
of  different  kinds  with  etjual  distiiictness;  and  that,  when  several  such  iw- 
pressione  are  made  on  the  seuse«  at  the  same  time,  the  mind  takee  eoguizaDcd 
of  one  only,  or  perceives  them  in  succession.  When,  therefore,  both  sgbt 
and  hearing  are  directed  simultatKiously  to  two  objects,  the  eommunteadoa 
of  the  impression  through  one  sense  will  necessarily  precede  that  made  bf 

*  See  the  actMiunl  of  a  Mind  boot*  I  ace  seiler  ^iven  by  Mr.  H.  Ilayb«w,  In  hii 
London  Lnbor  and  ibe  Loridtm  Poor,  vol.  i,  p.  402, 

*  See  Ludwig,  PUysioiocie,  vol.  L  p.  380 1  and  B4u1ard,  Physiol.,  1802*  p.  jaSS. 

*  Afchiv  f.  Phyi.  Heilk.,  185G.  ^  »  f 
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the  other.  The  ioterval  between  the  two  sen stit ions  is  greater  in  ao me  per- 
is thiin  in  others;  for  some  can  receive  Rnd  be  conscious  of  many  impres- 
,  an&;  seemingly  at  the  ^ame  moment ;  wiiilst  in  others,  a  perceptible  space 
Must  elapse,  the  "  persoual  er|uatiou  "  of  each  observer  iu  an  Observatory 
haiS,  therefore,  to  be  determined  and  allowed  for* 

65^.  Amongs^t  other  important  offices  of  the  sense  of  Hearing,  is  that  of 
supply tng  the  sensations  by  which  the  Voice  is  regulated.  It  is  well  known 
that  thoiie  who  are  bom  entirely  deaf,  are  also  dumb ;  that  is,  they  do  not 
spoTitaneously  or  imitatively  form  articulate  sounds,  though  not  the  leiist 
defect  may  exist  iu  their  organs  of  voice.  Hence  it  appears  that  the  vot.^1 
musrles  are  usually  guided  lo  their  actiou  by  the  ReDsations  feceived  through 
the  Ears,  in  the  same  manner  as  other  muscles  are  guided  by  the  ^^nsations 
recdved  through  themselves;  but  when  the  fV*rmer  are  deficient,  the  action 
of  the  vocal  mu.*icles  may  be  guided  by  the  latter  (§  537). — That  the  per- 
ceptioQis  obtai neil  by  the  auditory  nerve  should  be  capable  of  beiug  more 
quickly  perceived  and  registered  than  those  received  through  the  optic  is 
not  surprising,  since  the  murse  of  the  former  is  much  shorter  tha^i  tiiat  of 
the  latter.  The  folhiwing  table  gives  the  results  of  several  observers  In 
regard  to  the  physiological  time  of  the  several  senses  of  sight,  heiiringi  and 
touch  ;  or  in  other  words  the  whole  term  occupied  between  the  occurrence  of 
an  event  and  its  registration  : 

For  tUIod.  For  besrliif.  For  C'oniiiKiii  Hiuailoti. 
Hir-rh,     ,        *        ,0.2                      0,H9  0  182  tottjd. 

HHnkel,    .         .         .     0.2057  a  1505  O.llitS    '' 

Dcmders,  .        .         .     0  1f^8  0  18  0  154   n*^k. 

Witucti,*.        ,        ,     0.11*4  0.182  OJiiOl  furehfind. 

By  subtracting  the  physiological  time  for  auditory  im previous  from  tho.se 
for  optical  im previous,  it  appears  that  the  rapidity  of  the  conduction  of 
sensory  impulses  is  comparatively  alow.  On  the  highest  estimate  not  ex- 
ceeding 7.*^  metres  per  second,  and  on  the  lowest,  amounting  to  only  LOGS 
metres  per  second. 

T^te  Measure  fif  Sensntions^^^Thti  oberrvatiofii  miide  liy  Wober  (J  5941  and  others 
on  ihy  iieveraJ  s«n?e&^  htivo  led  lo  ilie  c^tiibii^timoru  by  Feobiier  of  h  paycho-jihyiiicHl 
Ihw'  nppliciiblt)  to  tho  quuiilitHtivc  seui^Ktions  of  U-njjwrHturp,  pressure^  miiijculiir  px- 
erium,  smind,  Ugbt,  itnd  nf  fiitii^iie.  At  firi^t  ^ii^ht  ji  wi>uid  teem  impassible  to  mpm^ 
are  A  giTii^Hiicin,  but  inft^^rnuch  h^  ihe  cifkniion  of  imy  nerve  which  leads  to  Sf-nsHiian 
is  cAU!«cd  bj  (external  or  i^hj-sicai  coiidi  lions  whu-h  wtr  can  vary  or  qimntilAtivHy 
del*^rtiiint%  wc  pu&se^^  m  tins  »  nit^ani  cjf  meii^uring  j^ensntions*  'f  bus,  if  a  weight  of 
hnlf  HA  imticm  he  hutd  in  thu  bund,  und  unuihf^r  bnlf  uuncf^  be  addud,  &  d^ff^rHnee  is 
injjtwnlly  fdl ;  but  the  ndditiori  of  hidf  mh  ounco  lo  twenty  poiindi^  is  not  BpprpciHted, 
The  »iiit)e  it  true  of  light  tmd  sound*    It  would  hene«  appear  that  for  an  eKcltfttlon 


^  In  nil  the  be,st  Ub^torviitoHofi,  nn  iirriin;^f?rn*»nt  U  now  mndo  f*ir  reenrdin^  observtw 
tions  whicb  »upi^rsi'<3e«  the  nei-ejfit^^ity  of  limjnjsj  them  by  aimiilUneous  attention  ItJ  tbe 
clock,  Thfl  ot>aerver  who  is  watobin^  the  tran^tit  of  b.  star  (for  exuinpli*)  across  lh«5 
meridian,  *inijdy  pre-sen  a  buttito  at  the  tnorn^*nt  wh**n  he  witnei?^ed  ltd  contact  with 
the  oross  wirti.  This  pre6aur«  bri-akB  an  cb'cirie  rircuit,  which  h  so  connected  wiib 
a  t*bronom4*t4*r  m  to  stop  it  instantaneously,  iind  thus  HUtomnticHily  to  record  ihe 
priH.'i*i?  tbuc  of  ibu  phenomenon.  Since  thi*  ptan  has  been  adopted,  it  hiie  been  found 
tbut  the  ^*  pf^r^onal  equatlnn  '-  nearly  or  alto^*  iher  disappoarA ;  thui*  eonflrmlni*  the 
view  lejlvf^n  aViovia  as  to  iti  dependence  on  the  dii^traction  of  the  attenlion  between  the 
two  f^bJHct^  of  perception.  For  interefttint?  pNpera  on  the  subjt'^t  of  ihU  pafrtijrhph, 
Bee  Much,  Un  the  Sen^e  of  Time  in  the  Ear,  MoleschottV  Uniers,^  Bd.  i,  18(>*i,  Ucft 
2.  AUo  Mach,  On  the  Accommodation  of  the  Ear,  in  idcOTt  p.  2t)l. 
'  See  Yon  WitUch  *  paper  m  Henle  and  Meiwoer'sEeiUcbrift,  I66g,  Bd,  xxxU  p*  87* 
•  Fethner,  Elnraentt*  der  P^ychopbyeik,  2  vols.^  Loipfie,  1650;  Delhteufj  He- 
rhprchea  The*»riQueiet  Es^t'^rimcnlalcs  eur  la  Me^uredce  Sensations^  Brujtelk**,  1873  j 
Bibot,  La  Pivcholofiie  Physiologique  en  AUemngne,  in  La  Eev,  Scient.,  No,  24, 
I87l»     This  iection  is  chiefly  drawn  from  Wundt,  Ph^alologie,  1873. 
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t^  be  felt.  It  must  be  proportitmalely  more  f**ebie  ns  the  excitatian  to  which  it  ii 
adf^ed  i?  feebli*,  wthI  stranger  in  pniporlion  lo  the  str**rtgth  of  ih^  origmtil  or  pnmnrjr 
excUiUion.  Ht'acf*  tbt>  cundu^ton  may  be  drawn  that  the  irit«n»itj  of  m  §i>n«^atiofi 
incp**ftfti^a,  rnjt  diPt^cllj  in  propoption  to  the  inlpn^ity  of  the  exeitJilirm  ihat  pr<Ji1uc«i 
iU  but  in  some  Plbi^r  ratio*  Now  it  may  be  asked,  what  proportion  d«ps  thu  incnNiie 
in  the  int^riiiit)'  of  the  s<^n»ation  Wur  lo  the  incnmsein  th<*  inienftity  of  thi?  »t]iiiiiliist 
And  in  order  loiiuqnire  thifl  knowlodg^et  thrre  mi*th*>d5  of  expprimf^ntHtion  hiiT^  )i*^n 
nd«>plpd,  Tiampd  hy  Ferhner  respectively  th*»  meth^^dof  the  ^maiUnt  pfrcfjifihlf  diffT' 
enec*.  tbe  method  of  inte  and  fahe  ^sfitnates,  tkn^  the  t]i(?thod  of  mean  frrcur^  The 
firMi  niEthod  ennshlA  in  this;  Two  weight*,  A  and  B,  are  lo  be  compared.  If  ihey 
uro  nearly  alike,  Ibey  may  be  jitdjjed  to  be  equal  ;  if  the  diflerence  be  considerable, 
it  will  pusily  be  rpeu^niapd  If  the  difference  rf  bptween  A  and  B  he  gradtially  in- 
creii.*pd  or  gr^diiully  diminUh<;d,  a  point  will  he  nrrtved  at  when  the  difference  la'iiuiy 
jupt  discernihlei  and  the  smaller  the  difference  perceptible^  the  more  acute  is  the  ^n- 
»ibility  of  the  subject.  Tbe  seeond  mrihod  con^i^is  in  taking  two  welgbta,  the  differ- 
ence between  which  is  &o  amall  that  an  error  in  judgment  is  fio?jsiblo.  In  proportion 
M  the  difference  increases ,  tbe  number  of  accurate  conclusions  will  aujjmont  at  th« 
ejfpen*e  of  the  inaccurate  one^,  If  Ibp  total  number  of  experiment*  be  100,  and  the 
numter  of  true  <>etiniHtes  be  70>  wc  hiii^e  the  propnrtion  J^^  estabU&bed  by  tho  coin- 
puri^on  of,  tht*  two  weigh ta  A  and  B.  Now  suppose  a  weight  tt  to  be  given,  we  se^k 
to  determine  the  weijijht  h^  wbicb  compared  wilb  a  will  give  the  ?ame  proportion  of 
^j^.  Cas^'e  of  indeci»iion  mu.st  be  pliiced  half  to  the  account  of  tbe  trut^  and  half  to 
the  account  of  the  fabe  e&limate.  The  thinl  Tntihod  Cfjn^i&ta  in  taking  a  weigbtt  A, 
exactly  determined  by  balnnce,  and  it  i&  pougbl  by  the  judgment  alone  to  fix  on 
another  weight  whicli  il  jedCT;t*d  equal  to  the  fir$t.  In  general  the  iecond  weight 
differs  from  tbe  fir«t  by  a  quanlitv,  rf,  which  is  fmall  in  prnportiim  to  the  arutcn«ai 
of  tbe  gensihilily  of  the  subject.  I'his  experiment  is  fn-qnently  repented,  the  po*itiTe 
and  negative  errora  added,  the  tlgn*  being  neglected.  Tbe  total  k  di*'ided  by  Ihe 
number  of  triaU,  and  tbe  mean  error  la  thug  obtained.  By  the  employ ment  of  on© 
or  other  of  the.'^e  methodii  the  foUowing  result*  art*  obtained  : 

Senmiion  af  Weight — Tbe  hand  la  extend^^d  and  supported,  tbe  eyes  are  bandaged, 
and  Kucces^ive  weigbta,  as  a  drachm,  an  ounce,  a  pound,  etc.,  are  phuHnl  upon  it.  On 
ench  weight  various  emiill  additional  wdghtji  arc  phiced  till  a  difttinct  differenee  h 
perceived.  Tbe  reeults  of  nnraerous  experiments  by  the  first  meth<^d  have  shf^wn 
that  a  very  simple  relation  is  mjiintained,  vi/,.^  that  wbaiever  may  be  tbe  weight 
orl^iiiully  placed  on  tbe  band,  it  rci^uireB  an  addition  of  otie*third  of  that  wi^lghl  1^ 
enable  a  dip^tinet  difference  to  be  perceived, 

Sm^ttikm  aj  Mu»ctdar  E^ort.^ThU  U  a  much  more  delicate  means  of  fstimatlfi^ 
differences  of  weight  than  the  foregoing,  eiiice  nt*l  only  doe.'*  ihc  sense  of  pin^wuiVi  liwt 
the  Fenii©  of  museulflr  effort  guide  the  judgment  j  and  ex(>erimenta  have  ahown  that 
an  fldditi*«n«l  weiubl  of  yS^tb?  can  be  detected,  i\<r.,  a  weight  of  6  graint  addi:d  lo 
1CH>  graina,  or  of  CO  grains  to  1000,  is  perceplible. 

The  Siftmtiirn  of  Ttmptnditre  si^ms  to  follow  tbe  &ame  law  as  that  of  simple  pT«i- 
aiire  without  muscular  estertion*  an  addition  of  one-tbird  being  requi^ik*  lo  be  p»r- 
ceived.  In  regard  to  liglit,  pbi^tometrical  experiments  have  &buwn  that  the  intensity 
of  a  candle  or  other  souree  of  light  mui^t  be  increased  j|pih  in  order  that  tbe  incrciw 
ibould  be  perecplibie.  Por  the  at  nidation  of  pound,  I  be  ineren^e  or  dimiautioo  muit 
be  equal  to  one-third  Ken  a  and  Wolff  found  that  for  two  sounds  to  be  clearlv  dis- 
tinguished they  mu.n  be  in  the  rehiilon  of  100 :  72,  The  proportion  given  by  Vulk* 
mann  is  4  :  3,  which  equals  100  :  75* 

From  ad  this  it  would  upfjear  that  If  S  represent  the  value  of  the  minimum  p«N 
oeptible  sedation,  the  second  possible  srn^atron  would  be  for  tactile  impreisioni  Ci  4- 
J-  for  muscular  effort,  S  -f  y^  ;  for  teniperalure,  S  -j-  J ;  for  light,  S  +  ^J^  j  fot 
iound,  H  +  J  J  and  the  results  of  numerous  experiment*  are  as  follow  : 

Conataat  proporliiiDalt.  Perec'pOb1«  mlairaaiu. 

Touch  J,  .    .     .     ,     ,     Pressure  of  0.002  grm*  (o  0,0.>  grm.,  according  to  tli«i 

of  tbe  body  to  beeJtperimented  on     (Auhvft.) 
ConiractJon  of  the  internaL  rectus  of  tbe  ey<»  to  the  extent  di 

0,004  mm. 
(The  heat  of  the  skin  being  taken  at  18,4**  Cent,)  J**  0*tti 

(?^,  Fecbner} 
Bnil  of  cork  weighing  0  001  grm.  fitlltng  0.001  m.  on  a  pTiti 

of  glasSf  the  ear  being  at  a  distance  of  01  mlUimetf««,  i| 

inches.  (Schafhaull.) 
Illumination  of  black  velvet  by  ft  candle  at  &  diiUtie«  of  8 


Muecular  effort  ^^ 
Temperature  J,*  . 
Sound  },.... 
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In  »?ekin^  to  find  a  Ihw  which  shiitl  empf^if  Ihe  gcnernl  relation  of  excitation  nnd 
of  ^ensntion,  it  h  to  be  noted  ihitt  we  poaafja  >  knowledge  uf  the  two  necessitrv  de- 
mentis niinipiy,  iho  meaitire^  of  tht*  constant  proportinnHl  nnd  the  measure  of  the 
smnlleijt  p(>Te»'ptib1«  6«D;^Rttan.  Thi*  firi^t  ^uppm^^  the  unit  for  dividing  thn  ^tnndard 
into  e^^ufll  part?,  the  second  serves  lo  grndMute  Uj  dnee  it  determines  the  xcro  nnd 
itindort  it  ot  r«r  use.  Ttiia  oa»3*  be  undurst*M»d  by  reference  lo  the  followiofir  flixure: 
In  a  llne^  Xi  ^^  indefinite  length,  h  zero^O.h  noted.  Thi$  answers  tcithu  ralnlnititn 
of  een^tion.  StHrttng  from  the  pfilntO«  the  line  x  ^^  divided  into  equal  pitru,  I,  2^ 
Zt  4^  etc  ♦  which  represent  the  lUL-rements  of  sensation,  From  the  point  0*  a  lints*  0  ft, 
of  utiy  Iviigih  is  drawn;  it  repre^&ents  the  minimuni  sitmuluef  say  the  i^^th  of  a 
grtimme  if  «f^nsation$  of  preijSiire  are  under  ouni^idtjrHtion.  Now^  tine*  the  constant 
proportional,  that  is  to  sa^i  the  &malte»t  pereeptible  difference  =  }  for  pres&urei  n  line 

FiQ.  3St, 


drawn  from  the  ptiint  1  must  eqtml  the  line  0  b  plui  }  of  this  line  ^  from  the  pi»int  2 
A  line  eqiml  to  the  Uno  1,  plus  J  of  1 ;  from  the  fmint  3  ft  lino  eqiinl  to  2,  plus  J  of  2; 
and  from  the  point  4  a  line  equal  to  ^^  plu*  J  of  3.  The  third  added  h  thus  ufways 
AH  increasing  (quantity,  and  us  the  vertical  lines  have  necessarily  tho  «ame  relation 
im  one  nnothor  &&  the  weigh t«  they  represent,  it  Is  clear  that  the  differences  of  li^m^ih 
btlweeo  the  line  Oand  the  line.*  4^  6,  6,  etc  ,  indicate  what  weight  must  be  employed 
in  order  that  the  perceptible  difference  ihouJd  he  qundrupled,  quintupled^  etc.  The 
psycho- physical  law  which  Fechner  lia»  deduced  from  thld  U  that  within  certain  limita 
MHAniiun  irwrfMseH  «*  the  bignrithmt  of  ihentimulus;  in  Olhet  wordi^  sensation'?  in* 
create  as  the  logarithms,  whIUt  the  ejEcitationa  inereage  at  ordinflry  number*.  If  we 
represent  the  stimulus  as  R  and  the  corresponding  sensation  as  Sj  while  C  reprpsents 
the  eon!4tant  proportionnl,  then  H  ='  0  \o^.  K  when  the  minimum  sLimuhH  u  taken 
=  I*  Thi*  psycho-phyjilcai  law  only  hold'*  good  within  a  certain  limit,  B^'yejnd  this 
the  ^en^ation  iiicrea.^cs  more  and  more  slowly,  and  smm  a  maximum  excitation  is 
reached,  beyond  which  the  relation  between  stimulus  and  senaation  no  longer  obtains. 


CHAPTER   XV, 


Olf  THE  STRtJCTURE  AND  FUNCTIONS    OP  MUSCtTLAR  TISSHE* 

1*  Srudur^  of  Mmmdwt  Tmm, 

654.  The  capability  of  executing  movements  elfecting  change  of  jjlace  op 
of  form  is  a  f>ower  that  is  so  widely  tliatribiited  through  the  animal  body, 
that  it  has  been  questioned  whether  every  cell  or  mass  of  germinal  matter 
does  not  possess  it  at  some  period  of  its  development.  The  gradual  alter- 
ation of  snape  exhibited  by  the  white  corpusclea  of  the  blocS.  (^  VII  ^,\ii^ 
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the  corpuscles  of  lymph  (§  154)  and  pus  fS  377),  by  the  salivary  ci>rpttscle» 
(S  102),  aud  couuective  tissue  (§  40  )>  and  by  pigment^  (§  39),  aod  cartU^e- 
celli*,  as  well  aa  the  rhythmical  protoplasmic  movements  observed  m  the  eggs 
of  osseoiia  fishes/  rep^e5^2nt,  (>erhaps,  the  si  m  pi  est  modes  in  which  thl^  power 
is  displayed*  The  mf>vemetits  preiseuted  by  the  greater  uunibcr  of  these 
cells,  or  corpuscles  resemble  tht^e  perfurmed  by  the  germinal  ma^  uf  which 
an  Amfiiba  is  composed,  the  form  altering  from  round  to  oval  or  guitar-shaped, 
and  processes  being  thrust  out  at  various  ptnuts  Into  which  the  horly  of  lh« 
corpuscle  is  again  drawn,  by  which  a  %*erltftble  locomotion  is  efFected,  The 
movemenls  occurring  in  the  fi.ssiou  aud  cleavage  of  cells  appear  t^  belong 
to  the  3ame  category.  In  all  the^e  instances  the  motions  are  usually  slow 
and  interrupted,  butare  rendered  more  euerpetic  and  lively  by  warmth  and 
electricity,  and  are  retarded  by  cokh  In  Dr.  Ransom's  experiments,  the 
presence  of  oxygeu  in  the  surrounding  medium  was  found  to  be  re<|nisite  for 
the  exercise  of  the  property  of  the  rhythmic  contractility  }x)5iscssed  by  the 
food  yolk,  as  well  as  of  the  fi.^ile  contractility  of  the  formative  yolk,  wliibli 
on  the  other  hand,  the  presence  of  carbonic  acid  rapidly  checked,  or  a!t<^ 
getber  arrested  them.'  The  several  movements  here  alluded  to  appear  to  be 
of  the  same  kind  as  those  observed  in  the  contraction  of  muscle,  only  that 
the  pi)wer  is  generally  diffused  through  the  whole  of  the  cell  or  mass  of  ger- 
minal matter,  instead  of  being  limited  to  an  organ  of  definite  structure  ;  jusi 
as  in  some  of  the  lower  animals  the  [>ower  of  perceiving  light  seems  to  \m 
diffused  through  the  body^  when  no  distinct  organ  of  vision  has  as  yet  been 
developed. 

655*  A  second  kind  of  movement  is  presented  by  the  cells  of  ciliated 
epithelium  (§  39),  which  line  parts  of  the  respiratory  and  gen ito-un nary  a|>- 
paratu!^  in  man,  and  iu  turn  appear  to  have  m  their  office  the  establishment 
of  currents  directed  towards  the  exterior  of  the  body  in  the  fluids  covering 
the  surface  of  the^e  membranes ;  whilst  in  animals  they  fret^uently  etmstitute 
important  agents  in  effecting  locomotion,  and  in  the  procurement  of  food. 
The  vibrations,  which  are  upwards  of  700  per  minute,*  da  not  appear  to  be 
in  any  way  under  the  control  of  the  nervous  system,  since  they  persist  long 
after  somatic  death.  When  they  have  become  languid  they  can  be  made  to 
recur  with  vigor  for  a  short  time  by  the  addition  of  a  small  quantity  of  a 
dilute  solution  of  potanh  or  acetic  acid.  Carbonic  acid  gas  soon  arresU  the 
movements,  but  the  admission  of  oxygen  gas  leads  to  their  renewal,^  and 
this  alteniate  action  may  be  kept  up  tor  two  ivr  three  times;  when  they 
have  stoppeci  they  can  also  be  renewed  by  the  action  of  induced  currents  of 
electricity.  The  vibratile  motions  presented  by  the  spermatozoa  appear  to 
be  of  the  same  nature  as  those  of  ciliated  epithelium,  and  each  zooid  may 
be  regarded  as  a  cell,  provided  with  a  single  cilium.  Neither  lu  tbe^  cells 
n  the  corpuscles  mentioned  in  the  foregoing  section  are  any  morpho*' 


nor 


logical  characters  discernible.'* 


*  The  pigment-cell  ft  In  Ihc  Mn  of  the  frog  Appour,  frtim  tbo  cirperin)«*nUi  vf  Mr, 
Lislflr,  Phil,  Tphfis,,  1S58.  to  he  in  *omci  nvfrnsurti  undi^r  tbo  influerictj  «f  the  n^'rvoui 
Byptem,  nnd  the  bhick  pwnicltwi  in  thern  wb«m  aet  free  by  the  rupture  of  the  cfill,  *i* 
hitot  retnArkHble  quWerini^  movomeiilft,  term»*d  BrutiimiHTi  muv^^niGiita. 

*  W,  H<  Kun&om,  M.D  ,  Humphry  and  Turntjr's  Jouni,  uf  An^t.  ind  Pbvsiol, 
vol.  f,  p.  2^7, 

*  See  nUo  Rog«baoh,  Die  rhythm,  Bewa^titig-fjnicbein.  d*r  i>inftiebst«n  OrgiinUco 
und  ihr  V«Thfl]ten  irt'irf'n  physikul.  ngent  tiod  Arjcnrimltteli  in  Vprhnnd.  d.  Fh\'^,- 
Med.  Ge?rtllfich   in  Wurzburg,  Bd.  iiTp*  179;  Abst  Cuntmlblfttl,  l**72,  p.  49t). 

*  KngelmnDn,  Ceniriilbliitt,  1867,  Ho.  42. 

*  See  Kiibne,  Bfhukztt'*  Archiv,  Bd.  ii,  1867,  p.  372,  und  Klein,  in  Siinder*op> 
Phyfiologicttl  Handbook,  1873,  p   21. 

*  [Jnleift  indeed  th^  atrioe  described  by  Dr.  A.  Stuntt  (Z<.«its.  T  rat.  Me4.^  Bd*  ilii, 
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656,  Putting  aside  these  cnsten,  however,  all  the  sensible  movement  of  the 
bod)'  are  effected  by  one  or  other  of  two  forms  of  tissue  to  which  the  term 
muscular  has  been  applied.  The  first  of  these,  termed  the  smooth  or  uu- 
striped  variety  of  musde,  eoosbts  of  flattened  bands,  whieb  are  stated  by 
Kolliker  to  be  compiised  of  long,  fiisiforra  cells  (Fig.  282),  with  one  or  often 
two  elongated  oval  nuclei,  which  become  staff-shajied  atler  death. ^  Around 
the  uucleua  is  a  little  finely  granular  protoplaam,  which  extends  fnr  some 
distance  in  the  axis  of  the  fibre ;  the  length  of  the  cells  varies  from  yf'^sth 
to  ^'oth  of  an  inch,  and  their  breadth  from  ^^e^^s^^i  ^^  tt^T^I^  ^f  an  ioeb. 
This  form  of  muscular  tissue  is  found  iu  a  nearly  pure  state,  unmixed  with 
other  ti.ssue,  in  the  nipple,  corium,  intestinal  canal,  bladder,  prostate,  vagina, 

and  in  the  smaller  arteries,  veins,  and  lym- 
FiQ.  SS2.  phatics;    and   mingled   with   much  areolar^ 

fibrous,  and  elastic  tissue  in  the  trabeculie  of 
the  spleeu  and  corpora  cavernosa,  the  dartos, 
the  circular  fibres  of  the  larger  arteries  and 
veing,  the  urethra.  Fallopian  tubes  and  uterus, 
in  the  trachea  and  bronchi,  and  in  the  ciliary 
muscle  of  the  eye,  the  choroid  coat,  and  the 
iris. 

Fjw.  2S3. 


\ 


Fio.  2i2.— Funifrtftn  cella  cif  Smooth  MiiAriianr  Flhru,  frum 
the  Tvanl  vdn  nf  Mah  ,— fi,  Twu  cdlft  Id  thfir  tmlural  ■^tfife. 
one  at  Ihf-m  Hhnvliig  (he  itKfTnslitipiMl  Diitleu»t  fc,  ii  t^ell 
Ireated  with  fti^^Uc  add,  vllfa  Its  nuck*iai!  t  brouglU  stroOBlr 

Fii>.  2f^.— MnscnUr  Flbf«  hfokta  ftcrnw.  sUowiui  the 
uEilofii  SafC^ltM&ma,  cooDteting^  the  fhigmtaU, 


657.  The  second  variety  of  Muscular  tissue  pr^ents  transverse  striae 
under  the  microscope,  and  occurs  in  all  those  muscles  that  are  usually 
termed  "  voluntar>%"  ihougb  its  presence  in  t!ie  heart»  rectum,  and  pharynx 
shows  that  it  is  not  limited  to  these  alone.  On  examining  the  structure  of  a 
Btrtated  muscle  it  is  found  to  be  easily  sefmrabte  into  coarser  or  finer /«v*ci*(ni/> 
connected  by  means  of  areolar  tissue,  and  these  on  more  minute  dis^^iCCtion 
can  be  shown  to  consist  of  transversely  striated  polygonal /fir e^  with  three 
or  five  angles,  having,  in  Man,  an  average  diameter  of  ;jf  ^th  of  an  inch. 
The  fibres  frequently  terminate  by  free  pointed  extremities  in  the  muscle, 
and  occasionally  divide  ;  at  other  times  they  become  continuous,  either  ab- 
ruptly or  by  imperceptible  gradation,  with  tendinous  or  strong  conneetive- 
tissue  fibres/    Iji  the  ease  of  the  b^rt,  the  tissue  is  stated  by  Eherth'  and 

p.  2&S),  ji»  extend  in  nj  rnirii  the  ba*e  of  each  eilium  to  the  nueleu*  and  nttftcbed  ex- 
tremity of  the  cell,  tkre  to  be  regardod  as  r*^presentTng  extremely  fine  muscuhir  llbret* 
Dr*  Smart's  observations  were  made  on  the  c«lU  of  the  cilliiied  epithelium  of  cortnin 
ipet^ieA  i^r  Eolii,  He  haa  ci>unted  from  -10  to  *J0  bunds  in  eflcli  cell,  and  describes  the 
nuch^u?  of  the  cell  as  hein^  moved  hither  and  thither  by  their  conlractioti 

1  Schwftlbe^  Schi*ltac'»  Archiv  f,  Mieroscnp.  Atiat.j  B*4,  IVj  p>  392,  pi.  xxiv. 

'  Aj*  In  ihe  lon^jue,  Hyde  S»lter,  in  Cyelop.  AnaL  and  Phys.,  voL  iv,  p  1132, 
Hoyer,  buwever^  maintnin!*  that  in  such  in.«taneos  the  transparent  fibrwa  in  which  the 
TOUBcuUr  fibres  apparently  terminate  are  in  reality  tfontraetile.  See  Reichert'e  Archiv, 
IBm,  p.  48  L 

•  Yircbuw**  Arcbivj  1866|  Bd*  xxx?ii,  p.  100, 
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Schweigger-Seidel'  to  be  composed  of  transversely  stmied  oblong  cells, 
oftea  forked  at  their  extremities,  and  containing  one  or  several  nuclei  ( §  233, 
Fig.  119).  The  divarication  of  the  terminal  portions  and  the  occfusinnal 
presence  of  lateral  proee^jses,  give  rise  to  tbe  illusory  appearance,  described 
by  Skey  and  others,  of  aoastonjoi^es  occurring  between  the  fibres/  The 
length  of  the  iibres  in  the  Sartoriui?  varies,  according  to  Krause,  from  one- 
third  of  an  inch  to  one  inch  and  a  half  j  whiUt,  according  to  Dr.  Nicol,*  in 
the  email  muscles  of  the  baiul  they  are  coecinal  with  the  leiii^nh  of  the 
muscle,  and  in  the  muscles  of  the  'forearm  vary  from  ri'^th  of  an  inch  to 
one  inch.  During  life  the  libre^  of  striated  muscle  appear  to  be  semi-trans- 
parent and  of  soft  conr?istence/  After  death  each  fibre  can  be  sipJit  either  i 
longUudinally  into  JibriHfF,,  the  number  of  which  has  been  estimate*]  at  six  ^M 
QT  seven  hundred,  or  transversely  into  a  series  of  disks  j  the  average  diame-  ^^ 
ter  of  the  fibrillEe  is  g:r(n^th  of  an  inch  in  man,  and  they  are  bound  together 
by  a  transparent  sheath,  the  sarcolemma  (Fig.  283)  *  (between  which  aud 
the  contractile  substance  is  sometimes,  as  in  the  muscular  fibres  of  the  crab, 
a  distinct  layer  of  protoplasm).  On  the  surface  of  the  sarcolemma  atid 
sometimes  in  the  interior  of  the  fibre  are  nuclei,  containing  ooe  or  more 
nucleoli^  and  readily  brought  into  view  by  the  action  of  acetic  acid.  Ac- 
cording to  some  ob^rvers  the.*e  are  to  be  regarded  as  the  remains  of  the 
original  celb  from  which  the  niuscnlar  fibres  were  developed ;  other*  have 
regarded  them  as  centres  from  whence  new  muscular  fibres  may  originate; 
others,  as  the  corpuscles  of  the  connective  tissue  distributed  through  the 
muscle,  and  therefore  as  centres  of  nutrition  analogous  t^>  the  lacunw  of 
bone;  and  still  more  recently  It  has  been  maintained  that  they  are  in  con- 
nection with  the  ultimate  terminations  of  nerves.  The  exact  structure  of 
the  fibril Ise  is  still  doubtful     Under  high  powers  of  the  microeeope  tbej 


1  Sirickor's  Hum,  Jind  Coinp.  Histology »  Syd.  Soc,  TrfliisiLj  yoL  i^  p  244. 

'  It  is  us^KwlIy  fttivted  that  no  ?i«reolemma  cxiit*  wround  tbe  etirdUe  tnu*euliir  fibnak 
Winkler,  haw<;ver,  df:^acribf>fi  it  u^  hiiing  prn&ent  in  tlie  form  of  nn  uxtremely  dehcjibe 
mt^inbrnno.     Koiebnrt's  Arfliiv,  1867»  p   -21. 

»  Schmidt's  Jnhrbucher,  Bd.  cxTcxii.  1B66,  p.  H8. 

*  Kubue  (Physiol.  Cbprnie^  1868,  p,  281  ;  nho  Mar^y,  Bev.  do«  Goars  Stnant,  i»lR* 
ili»  p.  797)  obs«rirt»d  ft  Nfftimtoid  worm  (Myoryctea  Weisiomnnii),  move*  with  appur- 
ent  freedom  in  Ihc  interior  of  r  fibre.  Tbe  movements  of  the  worm  di^plncril  tb« 
gtria\  wbicb  as  jt  paired  onward  resumed  ib^ir  niitund  position,  Bi'^?idi'»  (>ii«  fvi- 
denco  of  tbe  isemifluid  ntiture  of  tbe  contt'nt^  of  tb«^  ilbro»  it  hm  bi^n  fotind  ibrtl  vht^n 
a  current  of  elpclncity  h  passed  through  a  few  muscular  fibres,  tbe  gubnanc**  of  lli« 
muscle  Bccumulatt's  around  tbe  negative  pole,  indicating  A  certain  freed<*ta  of  m^rm- 
ro<*nt  in  the  constitnetit  parilcleR. 

*  Tbe  following  autbontips  may  aho  be  cot)»uhed ;  Scbwalbe,  UebeT  den  f«?in, 
Bau  d.  Mu^kelfasiPrn  wirbelloBer  Thiem,  SebuU**''*  Arcbiv,  Bd,  v,  p.  20'm  K*it**l» 
Hi*tol,  Unters.  ZeiU.  f.  wisa.  55onL,  Bd.  aciat,  p.  257-  Srbm*ider,  Uebpr  die  Mii*kf>ln 
der  NomHttiden,  ideto,  p.  284;  Gronncber,  U**Dor  die  3Iu?kelelemente  von  tiordiui^ 
idem,  p.  ^87;  Montgompry.  Zur  Frn^e  ubpr  diw  Struct  v.  Coniract.  <f-  ^Uim- 
kelftisprn,  Genlmlblatt,  1 870,  p.  1^3  ;  Rjinvier,  Note  mr  In  Structure  in;  >at 
MusculHire,  In  Froncb  TransUtion  of  Prey's  HUtoIogy,  I87itj  p.  30*1,  i...^.  ^  .lojiIp* 
RendufiT  t.  Ixxvii,  1873;  MerkeU  Dpr  quergealrt'ine  Mos^kel,  Max  Scbyltz*^*^  Aixbiri 
Bd.  viii»  1872»  p  244  j  Deniia,  Beitriice  «ur  Kenntni^i^  di*r  <|uer^t*streifiP  Mu*kp1f»* 
pern,  Reicheri's  Arcbiv,  lH71,p-  434;  Wa^<*ner^  Ueber  die  Que^^t^eifcn  don  Mij^keln, 
Sitzungfibcr.  d.  Geifell,  zur  Marburg,  1872,  pp*  25,  117,  HI ;  Grunmacb.  Sirnkluf 
der  Muakclfasern  bei  dpn  Inseklen,  Centrfllblati,  I87ii ;  Kngelmann,  Mio*  tintprmch, 
n.  d.  quer^Pftreifte  MuftkBhubaianZi  Pfluger'a  Ar<^biv,  Bd.  vii,  pp.  3IS  Hnd  15l»; 
Sachsj  Diequerslreifte  Muftkelfiisorn,  Rt'iehert's  Art^hiVj  1872,  p.  007;  Kriiu-^tv,  Gol- 
tingen  Naehricbien,  Auef,  1868,  p.  357;  Zeit*.  t  Biolo^le,  Bd.  v,  180Q,  p.  411:  utid 
PflUjyjer'F  Arcbiv,  1873,   Bd.  vii,  p.  608;   FI€M?£:p1.  SchuliRo'i*  Art^hiv,  litl    viii.  1*471, 

&eO,  and    Med.-Chir.   Rov,,    1872,    p.  520;  H^noeqin*,  Lancet,  1870,  vitl.  i,  p.  ^12 j 
ensen,  Arbeiten  &ua  dem  Kiel  Fhyslolog.  ItiBtiLut.,  18tiSj  Dwigbt,  Monib*  |li& 
Jquf,,  Toh  icii,  p.  29, 


STRUCTURE   OF   MUSOULAR   TISSUE.  803 

appear  to  consist  of  alteraate  rectangular  light  and  dark  particles,  constitut- 
ing the  "  sarcous  elements"  of  Mr.  Bowman.  The  dark  particles  are  thicker 
than  the  light  ones,  and  in  consequence  of  their  being  less  easily  acted  on 
by  dilute  hydrochloric  acid  and  gastric  juice,  can  be  obtained  in  a  detached 
or  separate  state  after  short  exposure  to  the  action  of  either  of  these  fluids. 
Brucke  has  described  the  dark  particles  as  refracting  light  doubly  (anisotro- 
pous)  whilst  the  clear  intervening  substance  is  only  singly  refractile  (isotro- 
pousV  I^i*.  Marty n,'  in  examining  a  fortunate  specimen  of  muscular  tissue 
under  a  very  high  power  (1200  linear),  observed  large  and  small  sarcous 
elements  to  occur  alternately,  as  had  previously  been  described  by  Busk  and 
Huxley;'  the  smaller  one  evidently  corresponding  to  the  faint  transverse 
line  traversing  the  clear  space  long  aeo  perceived  and  described  by  Dr. 
Sharpey  and  the  Author,  from  careml  observation  of  Mr.  Lealand*s  prepa- 
lations.*  Careful  accounts  of  the  structure  of  striated  muscle  have  recently 
been  given  by  Engelmann^  and  by  Schiifer."  The  former  observer  describes 
each  fibre  as  being,  when  fresh,  almost  perfectly  transparent  and  homogene- 
ous, but  speedily  undergoing  a  kind  of  coagulation,  which  is  hastened  by  the 
aiddition  of  any  rea^nt,  and  results  in  the  appearance  of  a  series  of  super- 
imposed disks,  varying  in  their  thickness  and  their  action  on  light.  These 
confer  upon  the  tissue  its  peculiar  striated  aspect,  and  the  following  Figure 
(284)  exhibits  them  in  a  diagrammatic  form  ;  the  septal  or  intermediate  (lisk^ 
Ey  he  describes  as  resembling  a  homogeneous  mcmbnine,  which  with  sharp 
focussing  forms  the  darkest  stria  of  the  fibre ;  water  and  various  reagents 
make  it  granular  or  beady,  though  the  fibre  may  still  retain  its  contractile 
power.  It  is  doubly  refracting,  and  its  greatest  thickness  (in  Articulata)  is 
0.0008  mm.  It  is  highly  elastic — i.  e.,  is  compressed  and  extended  with 
difficulty.  It  corresponds  to  the  septum  between  two  compartments  of  mus- 
cular fibre  if  that  view  of  the  structure  of  muscular  fibre  be  taken.  The 
Barcolemma  presents  either  an  annular  groove,  or  an  elevation  where  it  is 
attached  to  it,  and  the  connection  between  the  two  is  usually  firm.  2.  The 
itoiropal  layer  between  the  septum  and  the  collateral  or  secondary  disk  is 
almost  immeasurably  thin.  8.  Tiie  secondary  or  cttUnteral  disk  (n),  Flcigers 
"granule-layer,"  has  a  thickness  of  0.002  mm.  This  is  usually  separated 
from  the  anisotropal  substance  by  a  thin  layer  of  isotropal  substance,  but  is 
sometimes  fused  with  it,  as  can  easily  be  determined  by  polarized  light,  the 
anisotropal  substance  then  appearing  much  thinner,  since  the  collateral  disk 
presents  but  feeble  indications  of  double  refraction.  It  adheres  less  firmly 
to  the  sarcolemma  than  to  the  septal  disk.  In  breaking  a  fibre  across  me- 
chanically, the  rupture  commonly  occurs  between  the  collateral  and  the 


'  BrQckc  further  regards  tbo  dark  particU's  us  uniaxial  positive  crystals,  having 
their  axes  parallel  to  the  direction  of  the  fibres,  and  as  ])eing  composed  of  minute 
lolid  doublv-refracling  particles,  which  he  terms  diMlindnsts.  See  Strieker's  Hum. 
aod  Comp.  Histology,  Svd.  Soc.  Trans.,  vol.  i,  p.  235,  1870. 

»  Beale's  Archiv,  1862,  p.  227. 

•  Note  to  Kolliker's  Man.  of  Hum.  Histology,  Syd.  Soc.  Trans.,  vol.  i,  p.  239. 

•  Dr.  Macnamara  (Med.  Times  and  Gazette)  describes  the  muscular /?Ar<»,s  of  the 
chameleon  when  examined  with  the  highest  powers  (3^5)  as  composed  o^  a  sheath  of 
•arcoleinma  containing  two  longitudinal  flat  bands,  connected  \}y  a  spirally'  wound 
band,  the  shadow  or  the  approximation  of  two  coils  of  which  forms  the  transverse 
■trisp.  Between  the  horizontal  bands  are  open  spMes,  as  is  shown  by  their  never  be- 
coming staine<l  with  carmine.  M.  Kouget  (Brown-Sequard's  Journ.  de  la  Physio- 
logic, and  Med.-Chir.  Rev.;  see  also  Comptes  Kendus,  18G7,  pp  1128,  1232,' and 
1276)  regards  the  elementary  fibrUla  of  striated  muscles  as  being  a  spirally  twisU'd 
ribbon,  of  which  the  coils,  ordinarily  separated  from  one  another  or  stretched,  ap- 
pniximate  on  the  removal  of  all  exciting  and  nutritive  conditions. 

»  Pflugcr's  Archiv,  Bd.  vii,  pp.  33-71. 

•  Thilosoph.  Transact  ,  1873,  p.  429. 
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trn  lis  verse  dlisksf.  In  mammals  the  septal  or  intermediate  and  the  eollaltnl 
disks  appear  to  be  fused  together.  4,  The  imtmpal  /<iy£T  between  the  second- 
HTj  and  transverse  dbka  in  Vertebrate  has  a  thickness  of  0.001  rara<,  and  ia 
Arthropods  of  0,0015.  Tbii*  is  %*ery  mft^  but  still  not  fluid,  as  Kiibne 
thought.  5.  The  iayer  of  anuoirnpul  mb^innee  eooBisting  of  two  transver^ 
and  a  median  disk  (m).  This  layer  after  the  action  of  many  reagents  ap- 
pears to  be  formed  of  &olid  doubly  refracting  rod-like  elements,  the  so-{^lled 
earcoys  elements,  muscle  prisms  or  rtullets*,  which  are  imbedded  in  a  softer, 
singly  refracting  amorphous  substance.  (Fig,  2S5),  The  rf>d9,  according  lo 
Engelmann,  are  certainly  not  preformed  elements.     The  account  given  by 


Fig,  2N. 
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Fio,  284.— Structure  of  tlrfftfed  miHACiilar  fibre  after  EDgclnintin,'  irtym  Tek'pliorni  m^l&durmi 
CNitJtD*H>ii!i  miiwl*?  imm  ihv  attdonien.  tn,  median  <1l»k ;  a,  accgndarf  disk ;  «,  iHiennfldimle  itiak^  otii^ 
Dlfl«d  I0OU  di«na.  Thr  HurLcikmmu  1»  it^en  on  the  K^n  «td«.— Fin.  2^^,  from  Ajt#icu«  fiuvialllia.  H««l 
tetRnus.  d,  wc<»iMlBr^  dtnk;  r,  tult^rmi'diatJ*  di^k ;  i  iwiropoua  disk  biawecn  tramrrne  %a4  ««c^o4«rf 
dUk;  t;  tnulrujKiUft  dbk  belveen  Hcandjirj  And  Inlcrtnetllmte  dttk;  m,  ni<Hlliii  dhk^  ^,  f,  tratiM ersv 
dl«ik.  The  ivrcaui  elcnteuti  mre  iwoncn  at  ibelr  extrciiiltl«,  ind  &l  thefr  eeulroL  M»goifl«l  1000 
dlAtd. 

Fill.  28€.— MuKular  fibre  iinderifalDg  coutmclkm.  &  ■,  port1<»D9  siilll  it  rcvt;  P  P,  eontnelMD  fti«^ 
ee^-ditifl ;  c,  ooiitniijet«d  ^ntoo;  s  t^*^  dlio  ttripes ;  &  5'  A^',  brtghi  sij^i|i«t;  e  e'  «r^,  ltii««  farmed  \tf  roA- 

blLMldft^ 

Bchafer  differs  considerably  from  the  fomgoiog.  He  d^cribes  a  muscular 
fibre  as  consisting  of  a  ground  substance,  appearing  at  fit^t  sight  to  be  com- 
posed of  a  series  of  alternately  dim  and  bright  disK&.  and  of  a  vast  number 
of  minute  rod-like  particles^  to  which  he  applies  the  term  muscle-rods*  *^hich 
are  clofiiely  arranged  side  by  side,  with  their  long  axes  parallel  to  the  axis  of 
the  fibre,  so  a^  to  form  by  their  juxtaposition  iis  many  series  as  thef6  ar* 
disks  of  dim  substance  in  the  fibre.  The  main  part  or  shaft  of  each  muscle- 
Tml  is  imbedded  in  and  traverses  a  disk  of  dim  substance,  while  the  ends, 
which  are  enlarged  into  little  knobs  or  heads,  extend  into  the  bright  disks* 
These  little  knobs  form  the  line  of  dots  which  has  long  been  de^^ribed  lu 
existing  in  the  middle  of  each  bright  stripe.  When  the  fibre  in  Mmiewhat 
extended  this  line  appears  double,  owing  to  the  separation  of  the  heads  of 
the  two  successive  series  of  muscle-rod*  which  meet  in  the  middle  r*f  the 
bright  substance.  In  the  state  of  absolute  rest  (u,  Fig.  286)  the  rod i  aw 
uniformly  cyllndrieal  without  terminal  eilargements,  and  in  Una  eaae  oaljr 


1  Pfluger'i  ArchiY,  Bd.  vii,  p.  70. 
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a  loDgitudinal  fibrillation  is  to  be  seen  in  the  fibre,  all  trace  of  transverse 
itriping  having  disappeared.   In  the  normal  state  of  slight  tension,  however, 
(p),  the  rod  heads  make  their  appearance,  and  with  them  the  bright  sub- 
stance by  which  they  are  surrounded,  so  that  the  dim  ground -substance  now 
Csenta  a  transversely  striated  aspect.     In  contraction  of  the  muscle  the 
ds  of  the  rods  become  enlarged  at  the  expense  of  the  shaft,  the  ends  of 
the  several  muscle-rods  thus  approaching  one  another,  and  forming  with  the 
heads  of  the  next  series  of  muscle-rods,  a  dark  transverse  band  crossing  the 
bright  stripe.    As  the  contraction  proceeds  the  dark  bands  approximate  to 
one  another,  the  bright  borders  encroach  upon  the  dim  stripe,  which  finally 
disappears,  so  that  its  place  is  taken  by  a  single  transverse  oriKht  strif)e  (c). 
Contracted  muscle  consequently  shows  alternate  dark  and  bright  stripes,  the 
former,  however,  being  due  to  the  enlarged  juxtaposed  extremities  of  the 
rods,  the  light  on  tlie  other  hand  being  mainly  composed  ot  the  ground-sub- 
stance which  has  become  accumulated  in  the  intervals  between  their  shafls. 
Examined  by  polarized  light,  the  muscle-rods  give   indications  of  heing 
isotropous  or  singly  refracting,  whilst  the  remainder  of  the  fibre  is  anisotro- 
pous.     The  latter  is  probably  the  true  contractile  part,  whilst  the  rods  are 
znerely  elastic  structures,  serving  to  restore  the  fibre  to  its  original  lengtii. 
The  muscles  receive  a  free  supply  of  blood,  especially  during  action,*  the 


Fio.287. 


Fio.  2M. 
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Fio.  2B7.—Dimgnm  representative  of 
Mr.  Sclififer**  Tiew  of  the  structure  of 
muscular  ilbre. 

1.  Dim  substance. 

2.  Bright  stripe. 
8.  Muscle-rods. 

Fio.  2S8.~TransTerse  section  of  one  of  the  muscles  of  the  thigh  of  the  Lacvrta  agilis,  made  whil:it 
frocen,  and  magnified  4(10  diameters,  n,  nerve,  m,  mu90ular  fibre,  surrounded  by  i)ortions  uf  six 
others,  a,  Nucleus  of  the  norvo-sheath ;  b,  nucleus  uf  the  sarcolemma ;  c,  section  of  nuck'us  of  tormi- 
Bftl  plate  of  nerve  ;  <i,  trausverse  section  uf  terminal  plate,  surrounded  by  granular  material ;  «,  trans- 
verse section  of  muitcle^nuclei ;  /,  fine  fat-drops.  The  angular  dark  particles  are  seotions  uf  groups  of 
isrcoiu  elements ;  the  clear  intervening  spaces  represent  the  fluid  isotropal  part  of  the  niaHcle-»ub- 
■Uace. 

capillary  vessels  being  arranged  in  oblonz  meshes ;  but  their  lymphatics  are 
either  altogether  absent  or  exceedingly  few  in  number.^ — The  mode  of  ter- 
mination of  the  nerves  in  muscle  has  also  recently  been  the  subject  of  much 
investigation.'  According  to  Kiihne  and  Engelmann,  the  motor  nerves 
divide  and  subdivide  till  the  fibres  run  alone  or  only  in  bundles  of  two  or 
three  on  the  outside  of  the  muscular  fibres.  After  a  short  course,  however, 
they  penetrate  the  sarcolemma,  losing  at  the  same  time  their  sheath,  which 


>  Sczclknw,  CentralblHtt,  1870,  p.  GOl. 

•  Teichmnnn,  Das  Saiigader  a\'stem,  1881,  p.  100. 

•  .See  Kilhnc,  Ucber  die  peripheric  Endorgane  dor  Motor  Norvon,  1862;  P^n^el- 
nann,  T.  W.,  Uiitersuch.  iib.  d.  Znsiimmenhaii^  v.  Nerv-  u.  Muskel-fiiser,  Loipzjjc, 
1863;  Kolliker,  Crouniwn  Lecture,  Ifc^W;  Ueaie,  Archive**  of  Medicine,  vol.  iii, 
1862,  p.  5i46;  Philosophical  Transactions,  1808;  Croonian  Lecture,  I860;  and  Distri- 
bution of  Nerves  to  Voluntary  Muscles:  an  Anatomical  Controversy.     Pam^dilct, 

.Churchill,  18G5. 
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becomes  contlouous   with   the  sarcoleroma,  and   the   white  substaoce  of 
Bchwano  ;  whilst  the  axis-cvluiiler,  dipping  in  amnngat  the  fibnlhe,  teMai- 
nates  in  a  nerve-plate  or  disk,  which  melt^  oy  im perceptible  gmdmmnn  iuta 
the  tissue  of  the  muscle  it-nelf.     CohDheim/  whilst  agreeing  with  Kuhue  ia 
admitting  the  penetraiiou  of  the  sarcoleroma  by  the  nerve-lbres,  repreaetits 
the^  as  branching  ami  dividing  to  a  cou  side  fable  extent.     KoIUker,  and 
Beale  and   Krau&e,"  on  the  other  haod,  deny  the  penetration  of  the  s&rcny 
lemma  by  the  tiUirnate  branches  of  the  motor  nerve^^  the  two  former  ob- 
servers deseribiog  them  as  forming  a  plexus^  composed  of  pale  fibres  of  I 
extraordinary  tenuity  (yotjVox^*^  of  an  inch),  intermingled  with  many  nuelei 
lying  on  and  ramiiying  oifer  the  fibres.     Mayo  describes  a  similar  plesiii 
within  the  sarcolemma,  whilst  Krause  admits  the  plate,  but  believer  it  to  be 
outdide  the  sarcolemma*     The  three  accompanying  drawings  w'ill  render  the 
views  of  Kiihue,  Cohnheim,  and  Bejile  intelligible.    The  proportion  of  nerve- « 
fibres  to  muscular  fibres  varies  considerably,'     Tergiist.  finds  in  theiK'ular' 
muscles  of  the  Sheep,  that  there  is  one  nerve-fibre  to  about  6  or  7  mujiruilar 
fibres.     Iq  the  ocular  muscles  of  Man,  there  are  about  3  nerve  to  7  mu><::u- 
lar  fibres.     In  the  biceps  of  a  young  Dog  there  is  one  nerve-fibre  to  831 
muscular  fibres;  in  the  sartorius  of  the  same  animal  1  to  40-HO,     In  the] 
cutaneous  pectoral  of  the  Frog,  the  proportion  is  1 :  23-27  (Reichert);  in] 
the  abductor  digit!  quititi   pedis    1 ;  40 ;    in  the  sartoriu^   1;16|;  in  the 
ocular  muscles  of  the  same  animal,  1  :  10.     In  the  caudal  muiscles  of  the 
Mouse,  1 ;  2ii-!>9. 


Muscular  Flbfe,  wUh  teriulDatiaQ  of  Motor  ncTTe,  frtnu  the  Gu1rocDemlu»  of  ihe  Ruti^  rwnkoii^^ 
mntiliju)  jHfUPU  «f  %  f|»rt(-lwfdt?ntl  nprvfi-flhre;  ^iJiitra-tiiusculLr  BaLlt«d  iKia-cjiludcr ;  e,  uMilpui  nf 
the  ueaHlcmma;  ti,  c)aTft£«  fritrt-iuUJe^  of  the  nerfe;  r,  spucvn  of  Ibe  muaclo-naelcl ; /,  lenmlu^l  kmA  , 
Of  nerv«,  wUli  eeoti^ia  llbre  and  resleulmr  dlUUtloo  of  the  nerTi*    CAa«  C^hDlieiiii.i 

658,  Chetnkal  (hmpmitiQU  of  Muscle. — The  muscles  of  cold-blooded  ani- 
mals are  well  adapted  for  chemical  investigation  on  account  of  the  alowoeai 
with  which  they  undergo  change.  If  the  muscles  of  such  ao  aoimal,  after 
the  removal  of  all  blood  from  the  tissue  by  the  injection  of  a  very  weak 
»olutiou  of  common  salt,  be  subjected  to  pressure,  a  neutral  or  weakly  alka- 
line fluid  k  obtained,  termed  "  musele-plasma/'  which  soon  undergoes  spoa-j 
taneous  coagulation,  and  separates  into  two  parts, — a  eemisolid  porttaa  | 
termed  myosiu  (§  53),  and  a  fluid  serum,  which  at  ordinary  temp«!nitLire 
quickly  acquires  an  acid  reaction.  In  the  latter,  as  obtained  from  vanoas 
animals  by  diiijrent  chemists,  there  have  been  discovered:  1.  Variyu»  aJba- 
minous  compounds;  small  quantities  of  pepsiu  (Brticke);  and  a  substance 

'  Vircbow'a  Artbiv,  18*16,  pp.  W4  And  606. 
'  Zt'its.  f.  rat*  Med, J  Bd.  xstxiti  and  xixtv, 
■  See  TergMl^SchulUQ's  A^rdvlv  t  Mwro»oop.  Anniomis,  Bd.  Is,  p*  1^ 
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analogous  to  ptyalin  (Piotrowski).  2.  A  coloring  matter  similar  to,  if  not 
identical  witL,  hoemoglobin,  3.  Creatin  (§  54 >y  and  perhaps  creatiniu,*  hypo- 
xanthiu  or  garkin,  xanthin,  and  taurin,   4.  luoaiuic  and  uric  acids,   5.  Sugar, 


Fw.  ^©0. 


^    xanthm  \ 

r 

V  Portion  of  Jkn  elemmUir  Muicul^r  Ftbre  from  one  of  tlie  abdomlopl  museli-s  ijf  thti  White  Mouse, 
with  four  dark-liionlRri.Hl  tthtes  it$i  crassiag  orer  Its  surfaee.  A  cfipillmrjr  veateJ,  &,  b  Klao  jbeim  wHli  fitie 
bisTTe^thr^  dlatrtbuUd  ut  It.  To  airold  confuatoD,  a  (%w  odIj  of  Ibfl  tnmiTfrit^  ma|-kiog«  of  ih(?  iiMiJscle 
*ihB  ivpreflenled.  Two  of  ibe durfc-borfJered  nei-T^-fibTca  (ri,  paq  otor  the  ebnieijimrT  fibrp,  t+i  h? dli- 
tributcd  lo  AdjJicfDt  flbrw.  One  dark-bardefHl  fibre  ffti^ei-  tt  i  Is  Ifist  among  ovTeriil  im\v  u»c\tiil»'i[  flbreflu 
Pal*  Ducleated  0bi%i  fcre  seen  tamlfying  in  sei^eniJ  plncfB  upon  tbe  murfftccf  of  tbe  elemtnUry  libr^,  but 
beaeatb  the  dftrk-tionterfd  nerTe-Bbres  md  caplllarl^a.  It  will  ba  obaerv^  that  a  fine  fll#rf*  wbirh 
ae^mi  at  the  tipps^^r  part  uf  tbe  fkgun  to  be  but  qdp  «»f  tli«  outlines  or  the  tubulir  nietubran«  of  ouo  of 
tbedark-bofdtTwi  fibres^  lfav«  tbe  dark-bordered  fibre  niid  piuws  to  the  capillar?  ?«*!»]  (OTer«).  Tbll 
*rrsngi^m«:ot,  In  which  n  dark-bc^rdcr^  nerre-flbre  dbtrElhntfd  to  muflcle^  divides  Intu  bram  lieBi  one  of 
vhkh  pluses  to  A  Te»«l,  irbde  thv  othiT  rjimifit's  upou  a  tuuairle.  La  frequent.  The  cafjUlarjes,  dark- 
1>0ldiM«d  iierire-fihri»,and  pale  nucleated  fibr«4  hi;re  r^pre^'intrdtf^an  he  conipleteiy  strippi'd  off  from  tl  0 
tmtu»  of  the  tareotemma  wlthnut  tear  lug  thai  inenjhr»ne>  Of  the  itruetun?!*,  t  hen- fore,  repri'Bentc>d 
In  tbb  drawlnjiri  i^ot  one,  according  to  Dr.  Beale,  can  lie  beneath  the  aaTcolemma.  (X  TOO.)  (After 
BealeJ 

inosite,  glycogen,  and  de:itnn*  6.  An  isomeric  modification  of  lactic  acid, 
termed  pam-  or  mrco-lactic  add,  acetic,  fomiic,  and  butyric  acids.  7.  Salts, 
which,  as  obtained  from  the  resitlue  of  broth,  consist  in  lOO  parts*  of 


FU^ 


26.27 

9  40 
40.10 


aCaU.FOo 


3  59 

5.  Its 
0  57 


8,  A  i*mall  proportion  of  fat.  R.  Water^  carbonic  acid,  and  oxygen  gases; 
and,  lastly,  various  compounds  derived  from  the  tissues  which  are  insepa- 
rably united  With  the  muscular  tissue,  as  protagon  proceeding  from  the  ner* 
VOU5,  gelatin  from  the  connective,  and  elastin  from  the  vascular  tissue.  The 
composition  of  muscle  as  a  whole  is  thus  given  by  Kiihne,  after  Lehmann : 

Wwter, 74.0  —SO  0 

Solid  con^lituenti*, 26.0  — 2<)  0 

Albumtnoua  tubsUnces  msoUible  In  wiiter  (myoMD,  $arco- 

lemma,  nuclei,  vefs&li,  and  eliuitic  libr&s),  ,         ,         .15.4  — 17.7 

Gdfttin,  .         .        /       .        ,         .         .         .         .        .     O.fJ  —  1.9 

AlbuTninntet  of  »oda,  coagalatiiig  at  11B°  F,,      .         *        .22  —  3.0 

Crentin,  .         , 0  07—  0  U 

Flit,        .         .         ,         .         » 1,6  *»  2  30 

Luetic  add * 1.6-2.80 

Phos|>hofic  add, ,    0  66—0.70 

Putaah,,         , ,         .         ,     0.50--0  54 

SodA ,         ,         .         .        .     0.07—  0  09 

Chloride  of  Sodium,      .....•,.     0.04—009 

hime ,         ,         .         ,         ,     0.02^  OOS 

)tagn«ew, ,        .    0.01—  OM 


*  Nflurockt,  Fr&»eniua's  Zoita,  f.  Analyt.  Chemle,  1865,  p.  880j  denies  th<?  preaence 
of  the  liilt*r,  or  that  any  eunTersioti  of  cre»trn  into  creatinin  occurs  durin§^  excTciae^ 

*  K^htje^  Physioh  Chemje,  18*58^  p.  807,  hi  which  work  a  very  complete  account  of 
the  chf^mtfiiry  of  muacle  ifi  conttilneo. 
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The  percentage  proportiou  of  nitrogcu  in  the  flesh  of  different  moim&k  hai 
been  showu  by  Pete rsen^Mo  vary :  tlnis  mutton  contains  3.15;  veal,  3J8;i 
pork,  3.25  ;  beef,  3.29;  ant!  horseflesh,  3.48.     Its  amount  in  dried  muscukr  ' 
llsmii  varies  frojn  11.88  Uy  15.07  per  cent.     According  to  Danilewsky'  letan- 
hed  muscle  ytehis  a  little  more  nitrogen  to  warm  alcohol,  which  di^olves 
the  products  of  its  disintegration,  than  muscle  at  reat.     Aniongiit  thes^e  in 
1  eci t n  i  a .     M  use u  1  ar  ti as u e ,  vv h et h e r  li v i  u g  o r  d ead » a bsorbs  o xy ge n ,  a n d  el imi* 
nutejj  carbonic  acid,^  though  more  energetically  in  the  former  ca.^  than  in  ' 
the  latter.     The  specific  heat  of  muscle  eieeed^  that  of  water,  and  ia  higher 
than  that  of  any  known  solid  or  fluid  body/    It  h,  ou  the  otbur  haiid,  aa 
exceedingly  bad  conductor  of  heat. 

659.  Develonmeni  of  Mwsctihr  Tisiue. — In  Man,  according  to  Mr,  Lock- 
hart  Clarke/  Muscular  Fibre  can  first  be  distingui^^hed  about  the  4th  or  5th 
week  of  utero-gestation.  In  a  f*etus  of  three- fourths  of  an  inch  in  leugih^ 
it  forms  a  gelatinous  masaconsisling  of  fibres  and  nuclei  irahetided  iu  a»euii- 
fluid  granular  blastema.  In  the  formation  of  the  fibres  grauular  procedsae 
of  condensed  blastema  extend  from  the  sides  or  from  around  the  nuclei,  which 
are  .subsequently  bounded  by  an  investing  substance  in  the  form  of  a  band 
or  fibre,  sometimes  plain,  but  sometimes  longitudinally  fibrillateiJ.  Iu  thf»e 
bands  the  transverse  striation  first  makes  its  appearance,  and  only  sybn^j 
quently  extends  through  the  central  band  or  axis.  The  muscular  fibres  vary' 
in  size  at  diflerent  parts,  and  they  may  sometimes  he  seen  to  increase  ta 
diameter  by  the  adhesion  of  fresh  nuclei  and  fresh  processes  of  blastema.  A 
very  simihir  account  has  been  given  by  Mr.  Savorj^  for  the  Mammalia  geo* 
eraJly  *  except  that  in  his  observations  the  nuclei,  at  first  irregularly  did- 
tributed,  were  found  to  arrange  themaelveg  with  great  regularity  in  single 
rows,  almost  in  contact  with  one  another,  the  fibres  being  formed  by  the  de-j 
velopraent  of  two  nearly  trauapareot  bands  inclosing  and  bounding  the  rawsj 
of  nuclei ;  subsequently  the  nuclei  began  to  separate  from  one  another,  and 
uUimaiety  broke  up  into  granules  and  disappeared.  The  striation  began 
within  the  border  and  gradually  extended  to  the  centre*  lucrea.^  iu  the 
size  of  the  fibres  was  effected  by  the  addition  of  fresh  blastema  to  the  outer 
side  of  existing  fibres.  The  observations  of  Braidwood'  and  of  Eckhartl* 
are,  on  the  whole,  confirmatory  of  the  observations  of  Mr.  Clarke  and  Mr. 
Savory;  aud  it  would  hence  appear  that  the  essential  features  of  the  procen 
occur  not  in  the  nuclei t  nor  in  cells,  as  was  originally  maintained  by  8chwADii, 
but  in  a  material  which  mav  be  regarded  as  intercellular  substance ;  and 
Mr.  Lockhart  Clarke  regards  even  involuntary  muscular  fibres  as  by  no 
means  \he  product  of  a  nucleated  cell,  but  rather  as  a  kind  of  eel  Inform  atiuo, 
presenting  at  first  a  nucleus  inc  rusted  with  bla^?  tenia,  a  round  which  ia 
investing  sarcous  substance  representing  the  cell -wall  is  subsequently  d^ 
veIoj>ed,* 

660.  The  frequently  renewed  exercise  of  muscles,  by  produein|f  a  detertni*  j 
nation  of  blood  towarda  them,  occasions  an  increase  iu  the  nutriiton ;  m  that 


I  Z&lU.  f.  BiologJG,  Bd.  vii,  Heft  2. 


»  Ci^ninilbbiU,  1872,  p.  AU. 
Sec  tbt*  Grundriss  tli^r  Phy^^it^L  of  j 
the  Inner  tiuthnr,  1807,  p.  212;  R.  Gacheidten,  PDU^'er'a  Archiv.,  Bd,  viii,  p.  608. 

*  Adiinikiuuvicx,  Central blittt,  18T4,  No.  22, 

*  Pruct*t'4incfl  t>t"  the  Koyul  Sociciy,  vol.  xi,  No,  48. 

*  Se€  Farl  ii  of  the  Phil.  Trims,  fur  1855.     8et^  tiUo  Petrowiky,  Centra tbiatt,  18TS,  j 

p.  im. 

7  M<*d..Chir,  Rev,,  I860,  n.  447, 

*  Dr.  Wilson  Foi  (Phil.  Trans. ,  l8fJ5-60)  h^t  however,  r-ii^ii*ciUti^d  iho  itldwr  tWw 


"  Zfijt»ch.  t  rut.  Mod.,  Bd-  i*lit,  f»,  *VS, 


of  LeWrti  KoUikert  und  otherj^  thai,  ihe  tihrr??  nf  rnuM;itt  prcn^ecd  from  Iho  i?f  III  of 
the  embryo^  the  contcnU  of  whith  bucume  ilbrillated,  whilst  the  c«lt-wtill  b^ec-omti 
tbo  dfiri'olemmft. 


BTRUCTtfRB   OF   MCSCULAB   TIS8DE. 


809 


I 


a  large  amoiiot  of  new  liague  is  developed,  nod  the  muscles  augmeiit  in  she 
and  vigor.  This  is  true  not  only  of  the  whgle  muscular  system  when  equally 
exercised,  but  also  4>f  any  particular  set  of  muscles  which  is  more  used  tlian 
another.  Of  the  former  we  have  an  example  in  those  who  practice  a  system 
of  gymnastics  adapted  to  call  the  various  muscles  alike  into  play;  aod  of 
the  latter  in  the  limbs  of  individuala  who  follow  any  calling  that  habitual ly 
require  the  exertion  of  either  pair,  to  the  partial  exclusion  of  the  other,  as 
the  arms  of  the  smith  or  the  legs  of  the  opera  dancer.  But  this  increased 
nutrition  cannot  take  place  unless  an  adequate  mpply  of  food  be  afforded; 
and  if  the  amount  of  nutritive  material  be  insufficient,  the  result  will  be  a 
progressive  diminution  in  the  mz^  and  powder  of  the  muscles,  which  will  mani- 
fest Itself  the  more  rapidly  as  the  amount  of  exertioD,  and  consequently  the 
degree  ot'ttnste,  k  greater.  Korean  it  be  effected  if  tho  exercise  be  incessant, 
for  it  is  during  the  interval  of  repose  that  the  reparation  of  the  muscular 
tissue  oecum;  and  the  Muscular  system,  like  the  Nervous,  may  be  worn  out 
by  incej5«ant  use.  The  more  violent  the  actioQ,  the  longer  will  be  the  period 
01  subciecjuent  repose  requi  red  for  the  reparation  of  the  tissue  j  and  the 
longest  time  will  of  course  be  requisite  when  (as  sometimes  occurs)  the  con- 
tnictility  of  the  muscle  is  so  completely  exhausted  by  excessive  stimulation 
that  no  new  manifestatioti  of  it  can  be  excited-  It  does  not  appear  improb- 
able that  there  is  a  provis^ion  in  soine  Muscles,  as  the  Heart  and  Respiratory 
niu^K^les,  by  which  the  nutrition  is  carried  on  with  unusual  activity  during 
the  short  period  of  repose  which  intervenes  between  two  successive  contrac- 
tioQi.  Moreover^  the  muscular  tissue,  like  all  the  softer  and  more  decom- 
posable portions  of  the  organized  fabric,  has  a  Iirait4*d  term  of  existence ; 
and  hence,  even  if  its  contractility  be  not  called  into  exercise,  it  undergoes 
a  gradual  disintegration,  so  soon  as  all  the  nutritive  changes  of  its  fibres  are 
completed.  This  change  seems  to  be  a  necessary  consequence  of  the  high 
temperature  of  the  bodies  of  warm-blooded  animals:  for  it  does  not  occur 
with  nearly  the  same  rapidity  in  cold*blooded  animals^  nor  in  the  hiber- 
nating condition  of  certain  warm-blooded  Mammalia  ;  indeed^  when  the  tem- 
perature of  the  body  is  reduced  to  within  a  few  degrees  of  the  freezing-point, 
no  chemical  change  seems  po^ible  in  muscJe — it^  spontaneous  decay  and  its 
vital  activity  being  alike  cheeked.  Now,  when  a  muscle  or  set  of  muscles 
in  a  warm-bloodeti  animal  is  reduced  to  a  state  of  prolonged  inactivity,  from 
whatever  cause,  its  supply  of  blood  is  diminished,  and  its  spontaneous  decay 
is  not  compensated  by  an  equally  active  renewal ;  so  that  in  time,  the  char- 
acters of  the  structure  are  change*!,  and  its  distinguishing  properties  are  no 
longer  presented.  Thus  it  was  found  by  Dr.  John  Reid*  that  m  a  rabbit,  a 
portion  of  whose  sciatic  nerve  had  been  removed  on  one  side,  the  muscles  of 
that  leg  were  but  very  feebly  excited  to  contraction  by  galvanism  after  the 
lapse  of  seven  weeks.  The  change  in  their  nutrition  was  evident  to  the  eye, 
and  was  made  equally  apparent  by  the  balance.  The  muscles  of  the  para- 
lyzed limb  were  much' paler,  snmller,  and  sijfter  than  the  corresponding  mus* 
cles  of  the  opposite  leg,  and  they  scarcely  weighed  more  than  half— being 
only  170  grains,  whilst  the  others  were  327  grains.  It  was  found  also  that  a 
perceptible  diflerenoe  existed  in  the  size  of  the  bones  of  the  leg,  even  after 
eo  short  an  interval  had  ela|ise<l ;  the  tibia  and  fibula  of  the  paralyzed  limb 
weighing  only  81  grains,  whilst  those  of  the  sound  limb  weighed  89  grains. 
On  examining  the  muscular  fibres  with  the  microecope,  it  was  found  that 
those  of  the  paralyzed  leg  were  considerably  smaller  than  thoe^e  of  the  miund 
limb,  presenting  a  somewhat  shrivelled  api>earance,  and  that  the  longitudi- 


*  Edinb.  Monthly  Jutirn.  of  Med.  Science,  May,  1841 1  and  Phytiologicttl,  Anatami- 
cft],  and  Palhulcjgicfti  ReBearchus,  p.  10, 
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Dal  aod  transveree  stripe  were  mach  less  distiucL  So  Id  persons  who^  lowtr 
extremities  have  been  long  disused,  the  muaeles  fin^l  become  pale  and  flablir ; 
their  bulk  gradually  diminishes;  their  contractile  force  progresaively  Jt** 
creases,  and  at  last  departs  almost  entirely;  and  their  proper  structure  b 
replaced  by  a  deptjsit  of  fat,  in  which  few  or  no  striated  nm.«cular  fibr^  e&ti  [ 
be  detected.  But  muscles  that  have  for  some  time  remaiued  in  this  coutii- 
tion  may  be  gradually  brought  back  to  their  original  state  by  exereisp,  pro- 1 
vided  that  the  feeblest  contractility  remains:  ^or  every  aetiou  which  tbey 
can  be  made  to  perform  determines  an  augmented  flow  of  blood  through  the 
tissue,  aud  gives  rise  Ui  an  improvement  in  its  DUtrition,  which  in  its  turn 
increases  its  contractility,  and  renders  it  capable  of  more  vigorous  aciioD« 
This  principle  is  of  great  importance  in  the  treatment  of  the  various  forms 
of  paralysis  (especially  the  hysterical),  in  which  the  muscles  are  thrown  out 
of  use  by  the  suspension  of  the  functional  power  of  the  nerves ;  fur  when  the 
latter  have  recovered  their  capacity,  the  muscles  a-fuse  obedience  to  thtjir 
stimulation,  and  can  only  be  bronght  to  act  by  persevering  and  judiciosisly 
contrived  exercise. 

66L  Muscles  exist  in  two  states,  the  elongated  and  the  cootractetl ;  the 
former  is  asually  termed  their  state  of  red,  in  which  they  immediately  re- 
spond tx>  the  application  of  stimuli,  whether  direct  or  in'dir^t,  by  ptiiging 
into  the  active  state  of  contraction/  The  physical,  chemical,  aud  electrical 
properties  of  muscles  differ  considerably  in  these  two  states. — In  oorUraiikn 
the  muscles  become  shorter  and  thicker,  and  diminish  slightly  in  volume.' 
Their  elasticity  and  electrical  relations  are  modified,  and  heat'  and  sound 
are  produced.  They  absorb  more  oxygen.  They  give  off,  as  already  stated, 
more  carbonic  acid.  Their  reaction  changes  from  neutral  or  feebly  alkaline 
to  acid,  which,  according  to  Ranke,*  is  due  to  the  development  of  lactic  acid. 
They  contain  more  creatin,  grape  sugar,  and  fat,  and  less  glycogen.*  From 
the  experiments  of  Helmholtz,*  which  have  been  corroborated  by  Ranke,  it 
appears  that  the  muscles  of  frogs  long  subjected  to  the  action  of  an  interrupted 
current  of  electricity  yield  from  20  to  24  per  cent,  less  of  extractives  soluble 
in  water,  whilst  those  soluble  in  alcohol  increase  to  a  corresponding  auiouat; 
the  muscles  also  respond  differently  to  electrical  shocks.  In  tetanus  the 
muscles  of  the  extremities,  if  the  blood -current  through  them  be  preserved, 
heoome  more  watery  (Ranke).    This  is  particularly  the  ca^  with  the  heart 


1  Dr.  RndcliflTe  (see  his  Kpjleptie  nnd  othor  ConvuUive  Diienjieft  of  the  Nr'tvou* 
Syatem,  3d  eJit.,  19fiO,  and  his  LQCturos  on  Epilepsy »  P«m,  and  Pir»lyfli»»  \&'A) 
hiB,  htiweyer»  Adduced  many  ftrgitnitinta  to  «how  thut  tho  ordmarily  ri^cHvcd  HJita* 
ment  above  given  should  be  roverfted,  and  that  the  etate  of  elongation  should  be  r»- 
f  arded  »fi  the  rmUy  acliTe  condition  of  muscular  fibre,  in  which  all  iu  vital  proper* 
i'lm  and  peculiarities  are  moat  strongly  marked ,  wliikt  the  atate  of  cotitraetioa  if  due 
to  iti  being  left  to  the  int^ucnce  of  the  fttlractive  forces  inherent  in  it»  iiiiiWculisii^  thft 
tnoit  energetic  operation  of  which  is  soon  in  the  rigor  mortis.  According  to  Lwvdowkjr 
( Centra  I  blutt,  1871)  p.  709)  the  unstriated  muscle  tibrej9  of  Leeched  and  Worm^f  whi^n 
stimulatedf  fint  elongate  and  become  attenunted}  and  then  contract  and  lHX'Om« 
tbickened.  The  numhfir  of  iuccesiaive  ccmtractionfl  that  can  be  iDude  to  pcour  jmt 
minute  in  isolated  muAcle-eells  varies  from  10-20,  which  i«  the  ordinirjf  aumber,  to 
36-40,  which  only  happens  in  vi^tj  livdy  animalfi. 

*  Hartesfi,  Abhand,  Mtlnch,  Akad.,  1862,  p,  357.  Luige  FH«ci|  ¥ir«huw'i  Jahrv* 
bericht,  1867,  p.  80. 

>  In  riffor  moriia,  Ficlt»  in  Vierteljabrsch.  der  Naturf  Gesell.  in  Zarieh,  1S«I7» 
with  Dybkowftky,  observed  a  rise  of  0*06" — D.07**  C;,  and  tht^y  attribute  the  H-m?  in 
temperature  sometiineB  obrterirtd  in  bodi*»  after  death,  to  thii  lource,  the  rDuaclca 
then  becoming  rapidly  stiff". 

*  Heichort  and  Du  Bois-Keymond'«  Archie,  1863p  p,  422,    See  alao  bii  work 
TetftnuB,  Leipzig,  1865.  ' 

9  Webs.  Wien.  Akad.  Sitr-ber.,  Bd,  UtI,  p,  28C 

*  Muller'i  Archiv,  1846. 
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The  quantity  of  albumeii  dinimishes,  though  only  to  an  inconsiderable  ex- 
tent (Helraholtz,  Ranke,  Nawroeki),  The  Heart  in  the  case  of  the  Dog  in 
eompHrij»t:in  with  the  muscles  of  the  extremities  contains  much  less  alhiimeo. 
The  heart  yields  much  more  warm  alcohol  and  1^^  watery  extract  thau  the 
quiescent,  and  even  than  the  tetanized  muscles  of  the  extremities.  The 
alcoholic  extract  of  tetauized  mu^n^le,  and  especially  of  the  heart,  contains 
more  nitrogen  than  that  of  quiescent  muscle/  It  is  remarkable  that  highly 
oxygenated  blood,  such  as  is  the  condition  of  the  blood  in  apooea,  renders 
both  the  nerv^  and  musicles  unexcitable,^ 

662.  Numerous  ex  peri  men  ten*"  have  shown  that  the  contraction  of  mus- 
cular tissue  is  accompanied  by  the  production  of  a  considerable  amount  of 
hetit.  Thiry  and  Meyemein  found  that  on  tetani/ing  the  gaatrocuemiuB  of 
a  frog  for  ten  minutes  the  temperature  rose  0.078° — 0J19*^  Centigrade,  or 
about  one-fifth  of  a  degree  Fahr,  HelmboltE  estimated  the  rise  of  tempera- 
ture in  the  ^me  case  at  rather  less  than  one-third  of  a  dugree  Fahn  In 
warm-blooded  animals  the  heat  generated  is  much  greater.  Billroth  and 
Fick^  observed  a  rbe  of  5°  C,  or  more  when  tetanus  was  maintained  for  ten 
minutes.  The  degree  of  heat  developed  i^i  dependent  upon  the  tension  of  the 
muscle,  upon  the  amount  of  work  done,  and  upon  the  condition  of  freshness 
or  exhaustion  of  the  muscle,  Witli  the  increase  of  the  tension  the  amount 
of  heat  generated  is  augmented,  so  that  a  muscle  contracted  to  the  utmost, 
supposing  its  excitability  and  the  stimulus  to  remain  the  same,  develops  the 
maximum  of  he^t ;  hence  the  whole  amount  of  heat  generated  increases  with 
the  amount  of  work  done^  though  a  portion  is  derived  from  the  contraction 
of  the  muscle  itself.  The  temperature  fells  rapidly  with  increasing  exhaus- 
tion, and  the  amount  generated  is  inappreciable  to  our  present  means  of  re- 
search before  the  muscle  has  cjuite  lost  its  power  of  contraction.  Solger  and 
Meyerstein  and  Thiry  have  observcii  that  at  the  commencement  of  contrac- 
tion a  muscle  becomes  sensibly  cooler  than  before.  This  effect  lasts  several 
seconds,  and  may  perhaps  l>e  attributed  to  a  diminution  of  the  specific  heat 
of  muscle  in  contraction  ;  it  h  followed  by  a  gradual  increase  in  temperature, 
which,  if  the  muscle  be  tetanized,  continues  for  some  time  after  contraction 
has  ceased ;  and  proceeds,  in  alt  probability,  partly  from  the  continuance  of 
a  more,  energetic  process  of  oxidation,  indicated  by  the  increased  production 
of  carbonic  acid,  and  partly  from  an  increased  flow  of  blood  through  the 
v^sels  of  the  muscle.  According  to  Meyerstein  and  Thiry,  the  amount  of 
beat  generated  h  always  in  pmportiou  to  the  amount  of  work  done ;  whilst 
Heideuliain  maintains  that  the  relation  between  the  two  is  inverse  after  a 
oertain  point  has  been  reached.  He  notices  also  that  less  heat  is  developed 
if  the  muscle  be  allowed  to  shorten,  and  thus  to  perform  work^  than  if  it  be 
prevented  from  shortening,  and  this  may  reasonably  be  explained  on  the 


'  See  Dnmlewsky^  Centralblatt,  1872,  p.  438  ;  and  G-rutxnep,  Ueber  eini^e  Ohem^ 
Rcftct.  de»  thiit,  u.  unth&L  Mu#kek.,  Pflug«?r'a  Archiv,  Bd.  vii,  p.  264,  who  shows 
that  quieiicent  mu&cle  is  ^apuble  of  oxidising  pyrogen ie  acid,  whilst  telHmssed  muf*cle 
w  ineapHblv, 

*  See  T.  Bezold  iind  Blobaum,  In  the  Wurzburg.  PbysioL  ITnierfuch.j  Heft  1, 
p.  66,  and  Majer  and  Biiech,  Sitae,  d.  k»i&.  Acttd.  cl.  Wm,  ssu  Whri,  1870,  p.  837- 
For  the  phtintniienA  of  ei:h»u*iion  in  tnuacle,  flee  Volkm»nn|  in  Pflfiger^s  Arclu^, 
Bd.  ill,  p.  372, 

*  HelmhoHz,  Miiller's  Arebiv,  1848,  p,  144;  BoVsz^v,  Studien  deiJ  ?hy*io1og.  InHU 
tut».  «U  Breslnu,  iftG3,  fn  126;  Meyerstein  and  Tliirj,  Z^its.  fflr  rat.  Mfed./Bd.  xit, 
1880,  p.  45;  Heidetihaiiit  E-^sfty  on  the  Theory  of  Muarular  Porce,  Br^sUui  1864,  and 
M«chani»ehe  LeiMun^,  Warme-entwicklunsj  und  Stofiumfatss,  1864  j  Dybkowsky  and 
Pick,  Vierteljabrschrifi  dor  Naturforach.  Gesell  in  ZtiHcbt  1867;  Scbfffer,  Pfltigor'a 
Arehiv  t  Phpioh,  1808  ;  and  MtiUer'a  Archiv,  18C8^  p.  442, 

*  Wnndt,  Phydologie,  1873,  p.  586. 
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eupposition  that  during^  the  active  alternate  contmction  and  elongation  of 
the  fibres  the  circulation  through  the  vessels  is  more  rapid,  so  that  the  heat 
locally  produced  is  carried  off  by  the  blood.^ — The  peculiar  »ound  h^rd 
during  the  contraction  of  striated  muscle  may  be  perceivedj  as  sugg^ttsd  by 
Dn  WoUaston^^  by  placing  the  tip  of  the  liltle  finger  in  the  ear,  and  eon- 
tr  act  tog  the  muscles  of  the  ball  of  the  thumb,  or  by  powerfully  exerting  the 
muscles  which  close  the  jaw.  It  resembles  the  distant  rumbling  of  t^rriage- 
wheels^  or  an  exceedingly  rapid  and  faint  tremulous  vibration,  which,  when 
we  1 1  m  a  r  k  ed ,  h  as  an  aJ  mo& t  m  etal  1  ic  ton  e.  From  v  a  riou  s  e  x  per i  ra  en  ts  made 
upeu  himself  and  others,  Professor  Haughton  estimates  that  the  number  of 
vibrations  varies  from  32  to  36  per  second.  The  sound  may  be  readily  con- 
ceived to  depend  upon  the  friction  of  the  elements  of  the  muscle,  one  upon 
another,  which  must  thus  be  perpetually  taking  place  so  long  as  it  continues 
in  a  state  of  activity,  an  explanation  that  receives  support  from  the  observa- 
tion of  Helmholtz,  that  the  pilch  of  the  note  may  be  made  to  vary  by  ex- 
citing contraction  in  the  muscle  with  an  interrupted  current,  the  shocks  of 
which  succeed  one  another  with  varying  rapidity. — The  Hmount  of  ^hort^ning 
which  a  muscle  will  undergo,  bears  a  direct  relation  to  the  resistance:  and 
by  opposing  a  sufficient  resistance^  the  contractife  fxiwer  of  the  muscle  mav 
be  powerfully  exerted  without  any  contraction  taking  place.  Under  ordi- 
nary circumstances  the  striated  muscles  do  not  contract  much  more  than 
one4liird  of  their  length,  being  restrained  by  the  mechanical  arrangemeots 
of  the  bones  aud  joints,  anil  by  the  antagonistic  muscles.  But  if  a  long 
muscle  of  a  frog  be  removed  from  the  body  and  powerfully  stimulated,  it 
will  contract  to  one-tifth  of  its  original  lengths  The  unstriped  tibre*  will 
contract  under  favorable  circumstances  to  about  one-third  of  their  length, 

663.  Muscles^  whether  in  the  contracted  or  elongated  state,  posses  a  cer- 
tiiin  amimnt  of  elastimttf.  By  this  term  is  meant  that  force  by  which  the 
particles  of  any  substance,  after  being  approximated  to  or  sepamlc<t  frotn 
one  another,  strive  to  regain  their  original  position.  The  ela**iicity  of  mus- 
cular fibre  is  small,  hut  remarkably  perfect ;  for  although  it  h  extende<{ 
considerably  by  a  light  weight,  it  recovers  itself  completely  on  the  removal 
of  the  extending  force.^  Like  that  of  India-rubber,  it  is  augmented  by  heat' 
That  it  is  exceedingly  small,  even  during  life,  ts  shown,  as  Mnnsvelt  ha* 
observed/  by  the  fact,  that  in  cases  of  paralysis  of  the  third  nerve  the  pupil 
is  for  some  days  brought  quite  into  the  midtlle  of  the  space  between  the  eye- 
lids solely  through  the  elastic  contraction  of  the  rectus  internus  ;  a  proof  that 
its  aiitagoni;stt  in  a  state  of  elongation,  exercises  no  force  worth  speaking  ot 
On  api>eudiug  a  small  weight  to  a  vertically-suspended  fresh  muscle,  it  at 
first  elongates  s^uddenly  and  considerably  (tbe  primary  extenaioti ),  then  much 
more  slowly  (the  secondary  extension).  On  removing  the  weight,  the  same 
phenomena  appear  in  inverse  order  ;  a  considerable  primary,  and  a  more 
gradual  and  smaller  secondary  retraction.  With  small  weights  the  increii© 
m  length  is  proportional  to  the  weight;  with  heavier  weights  a  greater  pro- 
portional weight  is  required  to  produce  the  same  amount  of  extension,  m  m 
shown  in  the  following  experiment  made  by  Webei*  with  the  HyogloM^aB  of 
a  Frog; 


4 
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*  Philofioph,  Trans.,  IBll. 

'  Heidenhtvin,  Studlon,  Berlin,  ISSB;  Ami  Wundt,  Muller^i  Ariihif,  1S57« 

*  Stihjuulowitech,  Centr»lblatt,  1870,  fv.  609. 

*  See  fi  Review  uf  lib  work  in  the  Med.-Oiir*  Rev*,  for  lSft4,  p.  448,  voL  i. 

*  Wagner's  Hiiiidwdrterbuch^  Bd,  iii,  p.  64.  Speidso  Volkmattni  Piiigfer't  AfctiiT, 
Bd  vil,  lS78t  p.  16.  Fii^k,  Fflviger'^  Archiv,  1871,  Bd.  iv»  p,  801  ^  flrida  lb«|  iJie  «1«*^ 
iicity  of  musck  variet  witli  ©nth  degree  of  oontrftctlon. 
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Manivelt,  however,  deduces  as  the  jirmcipal  result  of  bis  eicperimeDte, 
that  living  muacle  is,  at  least  withio  certain  limits,  extended  iu  proportion 
to  the  increase  of  the  weights^  each  fibre  elougatiDg  about  1  per  ceot,  of  its 
length  for  each  (>5th  of  a  grain  weight  appended  to  it.  According  to 
Wiindt»  the  weight  which  is  required  to  extenil  a  fresh  mU6?cle  of  1  square 
millimetre  (^V^h  of  an  iuch)  sectional  area,  twice  its  length,  is  2  oz.  The 
mu^des  are  constantly  in  a  state  of  slight  tension,  as  is  shown  by  the  separa- 
tion of  their  extremities  when  cut ;  but  it  would  obviously  have  seriously 
ioterfcretl  with  their  action  had  a  high  degree  of  elasticity  been  conferr^ 
upon  them,  since  antagonistic  muscles  would  have  had  this,  in  additiou  to 
all  other  resistances,  to  overcome,  before  movement  could  be  efiected, 
Weber  has  shown  that  the  extensibility  of  muscles  increases  during  con- 
traction. He  applied  a  weight  of  115  grains  to  an  elongated  nnisclc.  On 
the  additiou  of  another  weight  of  15i  grains^  the  amount  of  extension  which 
took  place  was  about  j||  of  its  length;  but  on  repeating  the  same  exjperi- 
ment  with  a  contracted  muscle,  the  extension  was  as  much  as  ij\  of  its 
length,  showing  that  the  extensibility  was  greater  in  the  latter  luse  than  in 
the  former.  The  exhaustion  of  a  muscle  greatly  increases  its  cxtensihility 
up  to  a  certiiin  point,  after  which  it  again  diminishes.  Thus,  when  a  por- 
tion of  muscle  was  weighted  with  115  grains,  its  greatest  extension  occurred 
when  Jt  hud  been  made  to  contract  43  times;  when  weighted  with  193  grains, 
after  2;^  contractions  j  and  lastly,  when  weighted  With  424  grains,  at  the  8th 
cc^ntraction.  It  was  even  found  that,  by  appropriate  weighting,  a  muscle 
on  being  stimulated  to  contract  might  actually  become  louger  instead  of 
sharter. 

664*  Eiedrteal  Mehticns  of  Mmde, — As  we  have  already  seen  in  the 
Nerves  (§  472),  so  in  the  Muscles  it  is  easy  to  furnish  evidence  of  electrical 
disturbance.  The  conditions  of  the  "Muscular  current**  have  been  made 
the  subject  of  special  investigation  bjr  M.  Du  Bois-Reymond ;  and  the  follow- 
ing is  an  outline  of  the  results  at  which  he  has  arrived,  for  the  due  compre* 
bension  of  which,  however,  it  is  requisite  tfiat  the  terms  employed  by  him 
should  be  fip5t  defined.— The  entire  muscle  being  composed  of  a  mass  of 
fibres,  having  a  generally  parallel  direction,  and  attached  at  their  extremi- 
ties to  tendinous  structure  (which  has  in  itself  hut  little  or  no  electro-motor 
power,  but  is  a  conductor  of  electricity),  it  follows  that  the  tendon  or  ten- 
dinous portion  of  a  muscle  represents  a  surface  formed  by  the  baees  of  the 
muscular  fibres  considered  as  prisms,  which  may  be  designated  its  natitral 
tranjtverite  seMion^  On  the  other  band,  the  fleshy  surface  of  the  muscle, 
which  is  formed  only  by  the  mdes  of  the  fibres  considered  as  prisms,  may  he 
regarded  as  the  Ufilural  Lingiiudiiml  »mtlon  of  the  muscle.  Again,  if  a  muscle 
be  divided  in  a  direction  more  or  less  perpendicular  to  its  fibres,  an  artijimal 
iranu^m-jse  Medion  will  be  made;  whilst  if  the  muscle  he  torn  lengthways  in 
the  direction  of  its  fibres,  an  artijimai  longiiudinal  section  will  be  made ;  and 
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these  artificial  sections  show  tbesame  electric  conditions  with  their  con^ 
epondittg  natural  sections.  Now,  experiments  repeated  in  a  great  varietT  of 
modes  demonstrate^  that  everj  point  in  the  nainral  or  artifieiaf  ionfjiiudirmi 
mciitm  of  a  muade  ta  positive  in  relation  to  every  pM  of  iU  franjnfrMe  arrtinn^ 
whefhernatural  or  ariifiektl :  and  hence  a  current  Is  passing  iu  the  tiiU!N:^1c 
from  the  transverse  to  the  longitudinal  section  (Fig.  1&5k  The  moiit 
powerful  influence  on  the  ^Ivanoraeter  is  produced,  when  a  portion  of  the 
surface  (or  natural  longitudinal  section  1  of  a  muscle  is  laid  ufmn  one  of  ik% 
electrode,  and  a  portion  of  the  surface  formed  by  cutting  the  muscle  aeron 
(or  artificial  transverse  section)  is  placed  against  the  other.  When  the  two 
tendinous  extremities  of  a  muscle  whose  form  is  symmetrical  or  ne«rly  so, 
are  placed  against  the  electrodes^  the  deflection  of  the  needle  of  the  galva- 
nometer is  but  slight;  and  the  same  is  the  case  with  two  transverse  sectioiii 
taken  at  equal  distances  from  the  two  ends  of  the  muscle,  and  nl^y  with  two 
points  of  the  longitudinal  section,  which  are  equally  distant  from  the  middle 
of  its  length.  But  if  the  two  points  of  the  longitudinal  section  applied  to 
the  electrodes  be  not  equally  distant  from  the  centre  of  the  muRde,  then  the 
point  which  is  nearest  to  the  centre  is  positive  to  the  one  which  is  nearest  to 
the  end;  and,  in  like  manner,  wheu  the  different  parts  of  the  transverse  sec- 
tion are  tested  in  regard  to  each  other,  the  points  lying  nearest  the  surface 
of  the  muscle  are  found  to  be  positive  to  tboee  nearefit  iU  interior.  Tb« 
intensity  of  the  current,  however,  between  any  two  points  in  the  mme  seo- 
tioo — whether  transverse  or  longitudinal — is  always  incomparably  less  thftD 
that  of  the  currents  which  are  obtained  between  two  points  in  dij^erenf  sec- 
tions, one  in  the  longitudinal  and  the  other  in  the  transver^.  These  result! 
may  be  obtained,  not  merely  with  the  entire  Muscle,  but  with  insulated  por- 
tiona  of  it;  and  even,  as  we  are  assured  by  M.  Du  Bois-Reymond,  with  a 
single  primitive  fasciculus.  It  has  been  suggested  by  Hermann  that  the  key 
to  the  electrical  opposition  which  exists  between  the  artificial  trans verae  and 
the  artificial  longitudinal  section  is  probably  to  be  found  in  the  action  of 
oxygen  on  the  muscular  tissue,  the  surface  exposed  hy  the  cut  being  mom 
rapidly  acted  on,  as  compared  with  the  longitudinal  section,  which  is  pro- 
tected by  more  or  less  fascia,  and  by  the  sarcolemma  of  the  fibres.  In  favor 
of  this  view  it  is  to  be  observed  that  the  more  rapidly  after  removal  froin 
the  body  the  electrical  relations  of  the  natitral  hngiiudinai  and  artifieHii 
transverse  sections,  or  in  other  words  of  the  tendon  and  the  sutfaee  of  the 
muscle,  are  tested,  the  slighter  is  the  difiTerence  found  to  ejtist  between  them: 
indeed,  if  the  examination  be  made  sufficiently  early,  especially  if  the  animal 
has  been  kept  in  the  cold,  it  will  be  found  either  that  no  difTerenoe  ejtists 
between  them,  or  that  the  tendon  and  a  portion  of  the  nm^cle  near  its  longi- 
tudinal axis  are  positive  in  regard  to  the  surface  of  the  muscle. 

6*>r>.  That  a  change  iu  the  electric  state  of  a  Muscle  takes  place  in  the 
act  f)f  contraction  had  been  ascertained  by  the  experiments  of  Prnfi^ssap 
Matteueci  ;*  but  as  he  was  only  able  to  detect  this  by  the  galvanoscopic  frog 
(the  galvanometer  which  he  employed  not  giving  unquestionable  iiulieations 
of  it), he  was  not  able  to  determine  lU  nature  with  accuracy.  This  bos  beeil 
accompliiihed,  however,  by  M,  Du  Boia-Reyroond  ;  who  has  shown  thai  duKtif 
contraction  the  muscular  current  is  not  increased  (as  supposed  by  Matleucci), 
but  is  diminished  and  even  reduced  to  zero.  In  order  to  exhibit  this  phe- 
nomenon sati.sfaetorih%  it  is  found  advantageous  to  cause  the  muscle  to  con- 
tract powerfully  or  uninterruptedly  for  as  long  a  time  as  po^ible — that  Is, 
to  telanhe  it ;  and  this  may  be  effected  by  acting  violently  on  its  nerve  by 
heat,  chemiotl  agents,  or  a  succession  of  electric  shocks ;  or  by  poieontog 
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the  animal  with  strychnia.  In  whatever  mode  the  tetanized  state  is  induced* 
the  same  result  follows, — the  needle  of  the  galvanometer  passes  over  to  the 
negstive  side.  Banke^  has  noticed  the  remarkable  fact  that  dead  muscle  is 
a  better  conductor  of  electricity  than  living,  and  that  the  conducting  power 
of  muscle  exhausted  by  exercise  is  also  increased.  This  he  attributes  to  the 
scenmulation  of  the  products  of  disintegration,  and  especially  to  that  of 
lactic  acid.  Living  muscle  conducts  electricity  about  three  million  times 
worse  than  mercury,  and  fifteen  million  times  worse  than  copper. 

666.  The  rapidity  with  which  the  mandates  of  the  Will  are  communicated 
to  and  executed  by  the  Muscles  is  immeasurable ;  but  Helmholtz  has  shown 
that  if  an  electric  spark,  whose  duration  does  not  exceed  one  ^i^th  or  yJoth 
of  a  second,  be  allowed  to  strike  a  portion  of  fresh  muscle,  a  measurable 
period,  amounting  to  yj^th  or  jS^ths  of  a  second,  intervenes  before  the  com- 
mencement of  contraction.  This  he  terms  the  period  of  latent  contraction 
or  excitation.  At  the  commencement  of  the  contraction  which  succeeds,  an 
instantaneous  electrical  discharge  occurs,  lasting  less  than  the  tdVu^^  ^^  ^ 
■eoondy  and  comparatively  weak,  but  still  probably  equivalent  to  that  of  the 
electric  organ  in  fishes.'  The  contraction  which  then  takes  place  is  not 
mdden  and  complete,  but  is  divisible,  according  to  Kliinder,'  into  four  stages, 
in  the  first  of  which  the  movement  of  contraction  commences  and  slowly 
increases ;  in  the  second  there  is  great  increase  in  the  rapidity  of  the  con- 
timction ;  the  third  is  the  period  of  maximum  rapidity,  and  in  the  fourth 
there  is  a  diminution  of  the  rapidity.  The  first  period  can  be  much  pro- 
tXBCted  by  heavy  weighting,  and  the  last  period  is  very  variable.    Kliinder 
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Dfagnm  of  a  muscle  curve  as  drawn  on  a  travelling;  surface,  c,  the  Hue  dencribed  by  the  point  of 
the  lever  connected  with  the  muscle  ;  a,  the  line  described  hj  marking  lever;  b,  the  line  described  hj 
Um  tanlng-fork.  The  vertical  line,  m,  marks  the  moment  of  stimulation ;  m\  the  beginning,  m*,  the 
,  and  m',  the  end  of  the  contraction  of  the  muscle. 


gives  as  the  duration  of  the  latent  excitation  of  fresh  and  lively  muscle 
flifths  of  a  second,  but  when  exhausted  and  heavily  weighted  it  rises  to 
yji^th  of  a  second  ;  previous  extension  of  the  muscle  diminishes  the  duration 
of  the  latent  excitation,  as  Helmholtz  also  found.*    The  true  curve  of  con- 

'  Tetanus,  Leipzig,  186-3. 

*  See  Donders's  Essay  on  the  Constituents  of  Food,  translated  by  Dr.  Moore,  Dub- 
lin, 1866,  p  14,  where  it  is  quoted  as  the  observation  of  Meissner,  and  as  corrobo- 
rated by  ▼.  Bezold. 

*  Op.  cit.,  p.  129. 

*  Kanvicr  (Comptes  Rendus,  Ixxvii,  p.  1105,  and  Archiv.  de  Physiolog.,  t.  vi,  p.  1) 
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tractioD  at  its  mtddlo  portion  reprejeate  a  parabola  modi  tied  by  the  elasticitj 
of  the  muscle.  The  period  of  time  which  elapses  from  the  instant  that  the 
gtiinulus  is  applied  until  the  contraction  is  complete^  increases  genemllj  with 
the  amount  of  shortening,  with  the  heaviness  of  the  weigh t»  and  with  the 
exhaustion  of  the  muscle.  In  the  Frog  the  entire  time  ocicupied  in  the  con- 
traction and  subsequent  elongation  of  a  muscle  is  abi>ut  one-third  of  a  flOd* 
ond,  of  which 

The  period  of  latent  ^xcitifrti4^[i  amounted  to        .        •        .        .0  02 
•*  **  oontmction        "  .        •        .        .     0 180 

**  "  elongation  "  *         ,         .         .     0  10§ 


.305 1 

From  the  results  of  various  experiments,  Helmholtz  satl^iied  himself  that  to 
develop  their  greatest  force,  muscles  reijuire  a  longer  time  than  when  titigbi 
efforts  only  are  made.^ 

607.  Mecftixnimn  of  Mmmdar  (hntractimi. — From  the  inquiries  of  Mr-  Bow- 
man, it  appears  that  the  act  of  contraction  usually  conimencefi  at  the  ei* 
tremitiesof  the  fibre;  but  it  frequently  occurs  also  at  one  or  more  iutermerlinte 
points.  The  first  appearance  is  a  s]K>t  more  opaque  than  the  rest,  cjiu»ei)  by 
the  approximation  of  a  few  of  the  dark  points  of  some  of  the  iibrillii^:  this 
spot  usually  ex:tands  in  a  short  time  through  the  whole  diameter  of  the  fibre; 
and  the  shading  caused  by  the  approximation  of  the  tmusverie  striae  increase! 


Fia.  2»2. 
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Maical*r  Fibre  of  D^Uiqiis,  ihoirliig  the  c»nirul«d  state  In  tbc  oejitre ;  the  strim  ipproitieiJ4fid ; ! 
bre»dtb  of  i^be  fibre  incresMd;  lad  tbo  mjroJviaiiia  raUed  In  boUv  oa  Its  iurfie*. 

in  intensity.  The  striae  are  found  to  be  two,  three,  or  four  times  as  tiiimeroiis  in 
the  contracted  as  in  the  uneontracted  part,  and  are  also  proportlonany  nar- 
rower  and  more  delicate.  The  line  ol  demarcation  between  the  contracted 
and  uneontracted  portion!^  is  well  defined  ;  but  as  the  process  goes  on,  freA 
striae  are  abjsorbed  as  it  were  from  the  latter  into  the  former.  The  ccmtmcted 
part  augments  in  thickuem,  hut  not  in  a  degree  commensurate  with  'm  di- 
minished length,  so  that  ita  solid  parts  lie  in  smallei;  compass  than  before, — 
the  fluid  which  previrvuisly  intervened  between  them  being  pre^iscKi  out  Is 
bullae  under  the  sareolemma*  Marey  and  Aeby  have  shown  that  wh«i  i 
muscle  is  excited  bj  passing  a  eurre'ot  of  electncit^v  through  it,  every  part 
contracts  simultaneously,  as  proved  by  the  identity  !n  point  of  time  of  timo- 

ba«  pointed  out  various  ditferencp^  between  Ih^  white  and  tbi^  r^  mu^lm  itf  lb« 
rabbit,  ftnd  ankong^t  oiber^,  Ibat  the  pmod  af  latent  oxciUtioa  of  the  wbltf<  okucIm 
of  tho  rabbit  is  ^jd  of  a  lecond,  whIUt  for  tbe  r^d  miuclea  ll  ii  a^  much  as  ^Ih  of  t 
tccund. 

*  See  HelmhoUz  in  MuUer's  Archiv,  1S50,  1852;  and  Volkmtttin,  in  Lcipile.  B«- 
Tichte  Math.  Pbya.  Olaps.,  1851.  Place  has  more  recpntly  (Nederlwnd*  Arrblef,  fed.  \i\, 
18(J7,  Heft  2)  estimated  the  period  of  latent  exokaikm  m  tbe  mUM'^lw  of  trim  it  cmlf 
0.005  see.,  and  be  finds  tbe  rapidity  of  propagatiiin  of  the  e^tcitKtion  Ibroiigli  iniiiet«i 
to  be  about  one  meter  per  second. 

*  For  a  very  minute  investigation  on  tbia  point,  see  KlUnder,  Ueber  den  leitllcb^ 
VerUuf  der  Muskolxuekungj  in  the  Arbeiteo  aus  dem  Ki*sler  nhy&iologi^eben  luiti- 

tuk,  ieeSt  pp.  107-180. 
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ings  taken  with  levers  attached  to  different  part^*  In  like  manner,  when 
the  nerve  supplying  a  miisele  is  excited  the  whole  muscle  appears  to  con- 
tract simultaneously,  and  this  \&  explained  by  Aeby  on  the  supposition  that 
the  contraction  commences  at  the  point  of  entry  of  each  terminal  twig  of  the 
nerve,  and  propagatei  itself  away  from  this  point  in  both  directions.  As 
these  points  of  entry  are  distributed  very  irregularly  in  neighboring  fibrea^ 
the  swelling  appears  to  be  uniform  throughout.  In  one  of  his  experimenti, 
a  muscle  of  a  frog  m  taken^  the  motor  nerve  of  which  bifurcates  as  it  enters. 
One  of  the  divisions  is  cut,  and  the  main  trunk  excited.  It  is  then  found 
that  that  portion  of  the  muscle  which  is  supplied  by  the  intact  nerve  con- 
tracts simultaneously  throngbout,  whibt  in  the  remaining  [lortiou  a  wave  id 
propagated  that  travels  at  pr^isely  the  same  rate  as  the  contraction  that  oc- 
curs when  mechanical  irritation  is  applied  to  a  given  point  of  afresh  mnscle. 
The  rapidity  of  this  last  is  given  by  Aeby/  for  the  muscles  of  frogs  at  about 
40  inches  per  second,  Bernstein^  estimated  it  far  more  highly  at  nearly  13 
feet  per  second^  and  (|uite  recently  Hermann/  operating  on  the  muscles  of 


frogis,  both  with  and  without  woorara,  gives  the  rapidity  at  2.698  metres  per 
M,  Marey*  has  lately  shown  by  means  of  his  deli- 


ficcond,  or  about  9  feeL 


Fio.  29a. 
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(mtely  constructed  regii^tering  apparatus^  that  a  contraction  of  a  muscle 
which  follows  the  application  of  a  sudden  stimulus,  m  of  an  electric  spark, 
differs  remarkably  from  the  contraction  induced  by  a  voluntary  impulse. 
In  the  former  instance  the  contraction  is  sudden  and  single,  especially  if 
the  mujsele  be  quite  fresh,  becoming  slower  as  the  muscle  experiences 
fatigue.  Thia  is  clearly  shown  in  the  preceding?  woodcut,  which  represents 
the  tracing  obtained  on  a  rapidly  rotating  circular  disk  from  a  muscle  made 
to  contract  by  the  opening  and  closing  of  a  galvanic  current.  Two  contrac- 
tionsj  or,  m  M.  Marey  terniB  them,  imputses  or  shocks  (secousses)  are  ex- 
hibited. One  series  (o)  corresponding  to  the  period  of  opening  of  the  in- 
duced current,  the  other  of  closing  (c).  The  line  traced  at  the  bottom  of 
the  figure  by  a  diapason  vibrating  100  times  (double  vibrations)  per  second 


1  ITntersuchufi^f^n  ub«r  die  FortpflfiT>%tin^sg««cbwindigkoit  der  Roij^ungi  etc., 
Br»unsclrwoi(r*  1862<  See  akf»  v.  Bnxold^  Mei$«Dor'd  .JithresbencUti  18(10,  p,  4B2; 
Ingdmntin,  Jen«.iscbe  Z^eiU,,  Bd.  iv,p.  W5;  PUc©j  Onderzoek.  ged,  in  bet  Pbm 
Li*b,  der  UtreeUi  Ooogesi-hoolj  Bd,  ii,  Reiika  i,  p,  I3&j  Valentin j  Fliiger^s  ArcbiVi 
5d.  It,  p.  115. 

*  Ufitefiuehun^^n,  etc  ,  HHdeiberj^,  1871,  p.  76. 

*  Pflu|jifr*s  Archivj  Bd,  jc,  \Blh^  p/54. 

*  See  bi«  Lectures  an  Self-registering  App*ralii«p  in  the  Revue  d^  Cour»  Scien- 
tiflqueti  tom.  lit. 
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enables  the  dumtiojj  of  each  of  the  impulses  to  be  estimated.  The  Arrange^ 
metit  af  the  apparatus  is  such  that  the  lower  Unea  represeut  the  tracing  ob- 
tained when  the  muscle  m  m  the  perfectly  rec^eiit  state,  whilst  the  upper  ouw 
represent  it  when  more  or  les8  exhausted.  It  will  he  noticed  that  for  each 
galvanic  shock  there  is  a  single  instantaneous  contraction  repre^nted  by  an 
elevation  with  rounded  summit,  and  that  the  period  of  ascent  corresponding 
to  the  period  of  shortening  of  the  muscle  (on  the  left)  is  more  rapid  than 
the  period  of  descant  of  the  line,  the  !att«r  corre^sponding^  to  the  period  of 
relaxation.  In  proportion  as  the  muscle  becomes  fatigued  three  peculiari- 
ties may  be  noticed  :  the  duration  of  the  contraction  or  shock  augments:  the 
period  of  ascent  becomes  prolonged,  and  the  height  of  the  wave  or  the 
amount  of  shorten  in  j^  of  the  muscle  increases.  This  last,  however,  is  onlr 
transient,  since,  if  the  tracings  be  continued,  the  wave  height  diminishee 
though  its  width  continues  to  increase.  The  tracings  present  the  same  fea- 
tures whether  the  excitation  be  applied  to  the  nerve  supplying  the  mudcle* 
or  to  the  muscle  itself.  It  is  very  interesting  to  remark  that  the  phenomena 
of  exhaustion  are  not  produced  rn  the  living  body  within  moderate  limits* 
indicating  that  reparation  is  constantly  taking  place.  Of  all  the  muscles  of 
the  l>ody,  the  heart  alone  in  its  ordinary  contraction  gives  a  tracing  ci>rro- 
sponding  to  that  obtained  from  a  voluntary  muscle  on  the  application  of  an 
electrical  shock — that  is  to  say,  the  heart  constitutes  the  only  instance  where 
each  contraction  i?  definite  and  single,  and  it  presents  the  same  characters 
in  all  animals.  In  all  other  instances,  what  is  termed  a  muscular. con tfao- 
tion  consists  of  a  series  of  shocka  or  impulses,  as  shown  in  Fig,  294,  in  which 


a  tracing  is  shown  such  m  may  be  ubtained  from  a  mnscle  caused  to  coo- 
tract  by  a  voluntary  effort,  or  to  which  excitations  at  regular  intervals  are 
applied.  Here  the  effects  of  the  successive  shocks  are  in  the  first  instance 
superadded  to  one  another  till  a  certain  degree  of  con  traction  is  obtained, 
wh  i  ch  re  ma  ins  pe  r  ma  n  ent  wi  th  t  h  a  t  a  m  oun  t  o  f  sti  m  u  i  a  ti  on.  If  t  h  e  el  ect  rical 
or  mechanical  ^  excitations  are  made  to  succeed  each  other  more  rapidly 
(Fig.  295),  the  successive  shocks  unite  more  quickly  and  completely,  and 
the  total  con  traction  is  greater  in  degree.  Finally,  if  the  excitations  are 
repeated  more  than  a  certain  number  of  times  per  second,  varying  with  th* 
animal  and  the  state  of  the  muscle,  the  several  shocks  fuse  completely  into 
one  another,  and  tetanus  is  produced  in  which  no  vibration  is  perceptible 
(Fig.  296).  The  ransclea  of  different  animals  respond  differently  ti>  electrical 
excitation.    In  the  ease  of  the  bird,^  permanent  contraction  or  tetanus  is  not 


I  Aj8  in  Heidenhftin's  mc^chflnical  TeUino-rnotor,  in  which  a  liule  hammer  b  iK  in 
molinn  bv  an  electro  magnetic  current,  and  a  teumic  corsilili*m  can  t>fl  ««tab1{^b<Nl  in 
ihe  m»*c!efi  which  will  last  for  two  minute!  or  mf>re,  till  the  trnutbilitj  8f  the  aarr* 
li  de«truyc>d. 

*  Marey,  Rov,  dcs  Coura,  Scicnt.,  vol.  iv,  1807,  p.  21S. 
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produced  undl  more  than  75  shocks  are  corooiuiiicat^d  in  a  second,  whilst 
the  muscles  of  a  tortoise  are  tetanisjed  with  only  three  shocks  per  second* 
Raavier^  found  comlderable  drrterence  m  the  reaction  of  the  white  and  red 
muscles  of  rabbits  to  induce  eleetridty.  Thus  the  semitendiuosus  (a  red 
must'le)  excited  for  on&«eventh  of  a  eeeoud  with  a  current  that  was  inter- 


Fn>,  235. 


rupted  357  tiroes  in  a  second,  pissed  at  once  into  a  state  of  tetanus^  and  its 
myograpkic  tmcing  exhibitetl  a  continuous  and  uniform  elevation.  The 
adductor  longu^  on  the  other  hand  (a  pale  niuacle).  stimulated  in  the  same 
way»  showed  as  many  elevations  and  depressions  as  there  were  interruptions 
of  the  current, 

668.  The  contractSiity  of  the  muscles  may  be  called  into  play  eitber 
directly  by  stimuli  applied  to  the  tissue  itself,  or  indirectly  by  agents  ex- 
citing the  motor  nerves.  The  contraction  which  follows  in  the  latter  instance 
is  teritied  by  Schiff  muTChmuscidatj  and  in  the  striated  muscles  is  sudden. 


general,  and  energetic  j  but  when  mechanical  irritation  is  directly  applied 
to  a  muscle,  the  tissue  itself  responds  to  the  alimulas,  producing  what  Scbiff 
has  termed  frf«Vm?wcT*^or* contraction.  It  may  be  observed  iu  the  manner 
first  described  by  Dr.  Stokes*  by  percussing  the  pectoralis  muscle  of  ema- 
ciated patients,  or  by  drawing  the  back  of  a  knife  across  a  muscle  after  all 
signs  of  irritability  on  the  application  of  stimuli  to  the  motor  nerve  have 
ceased  ;  it  then  presents  itself  as  a  swelling  or  intumescence  a  few  lines 
broad  and  high,  but  varj^ing  with  the  strength  of  the  blow,  lasting  for  four 


^  Brown-SdqQdrd's  Arebive*  de  Phjfiiol,  1874,  t  vl,  p.  5. 
■  On  Dbejues  ot  the  Cbeeti  p.  S97. 
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or  five  seconds,  and  slowlv  disappearing*  A  further  phenotneuou  ha:?  b^n 
noticed  ia  the  mine  muscles  by  Auerbat-b*  after  an  energetic  blow  ;  namdr, 
a  wave  or  undulatinjr  contraction,  proceeding  from  either  J^lde  of  the  locii 
intumescence  of  Sebiff,and  propagating  itseJf  to  the  extreniit?  of  the  i&u^de 
at  the  rate  of  about  eighteen  inches  per  second.  The  breadth  of  the  waves 
is  about  a  quarter  of  an  inch  at  their  base,  and  they  gradually  die  nut  ai 
they  spread  from  the  point  etruck.  It  is  doubtful  whether  both  of  tbeae 
ap|>ea ranees  are  not  due  simply  to  a  prolonged  contraction  of  the  muscle, 
resulting  from  CKbauation  of  it&  contractility  at  the  exciietl  gpot* 

B69,  Sudden  vanationa  of  temperature  induce  persistent  contraction  of 
muscular  tisssue;  thus  the  legs  of  a  frog,  dipped  into  water  at  a  temperature 
either  as  high  as  130*^  or  as  low  m  25°  Fahn,  become  tetania,  V,  Bezold ' 
and  Prevost  have  found  that  in  a  certain  stage  of  Vemtrin  |K>igoning  the 
muscles  respond  to  a  single  electric  shock,  not  with  a  single  short  contraction, 
but  with  a  pei^istent  tetanic  contraction  ;  and,  according  to  Weyland,  the 
fame  r«^ults  from  the  action  of  Babadillin,  Delpbiuin,  Emetin,  and  Aconitin/ 
As  regards  chemical  agents,  some  appear  to  act  with  ajual  energy  in  pro- 
ducing  contractitm,  whether  applied  to  the  muscle  or  to  the  motor  nerve,  as 
solutions  of  potajsh  and  soda;  others,  as  creosote,  alcohol,  pure  lactic  acid, 
and  glycerin,  act  on  the  muscle  through  the  nerve,  but  f)OKsess  little  dtima- 
lating  power  when  directly  applied  to  the  muscle;  and  others  again  excite 
energetic  contraction  when  made  to  act  immediately  on  the  muj^cle,  but 
scarcely  operate  through  the  nerve,  as  sulphate  of  copper  and  ammonia-^ 
Kiihne^  remarks  that  all  those  bodies  which  coagulate  the  muscle  phiiitna, 
as  dilute  acids  and  alkalies,  act  as  powerful  stimulants  to  muscles  even  when 
very  dilute.  The  metallic  salta,  as  a  rule,  require  to  be  in  a  stronger  state  | 
of  concentration.  He  thinks  that  each  part  as  it  contracts  generatt^  material 
(paralactic  acid)  which  again  acts  as  an  escitor  to  the  next  adjoining  layer. 

670.  Muscular  Irritability  is  deadened  by  many  substances,  and  espt^nally 
by  those  which  have  a  narcotic  or  sedative  action  on  the  nervous  syalem. 
In  carbonic  acid  gas,  hydrogen,  carbonic  oxide,  or  gulphuroujj  acicl  gas, 
mtiscles  contract  very  feebly,  or  not  at  all,  when  stimulaied  i  whilst  in 
oxygen  they  retain  their  irritability  longer  than  usuaL  Nan-otic  substancei, 
such  as  a  watery  solution  of  opium,  when  applied  directly  to  the  Ettuscle^  have 
an  immediate  and  jwwerlul  eflect  in  diminishing  or  even  destroying  their 
Irritahility  •  this  effect  is  also  produced,  though  in  a  less  powerful  dcgrcx^,  by  i 
injecting  these  substances  into  the  blood.  In  the  same  manner  venous  blood  1 
charged  with  carbonic  acid,  and  deficient  in  oxygen,  has  the  effect  of  a  poison 
upon  the  muscle,  diminishing  their  irritability,  when  it  continues  t<»  circnlate 
through  them,  to  such  a  degree  that  they  sometimes  lose  it  almost  its  so<jn  u 
the  circulation  ceases,  as  is  seen  in  those  who  have  died  from  gradual  and 
therefore  prolonged  asphyxia.  The  unfavorable  influence  of  vertoua  blootl 
is  also  shown  in  the  Morbus  Cfcruleus,  patients  affected  with  which  arc  in- 
capable of  any  considerable  muscular  exertion.  Although  most  of  the 
stimuli  which  occasion  the  contraction  of  muscles,  when  directly  appUcil  to  j 
their  fibres,  operate  also  when  applied  to  their  motor  nerves,  the  same  dtna 
not  hold  good  in  regard  to  those  agents  which  diminish  irritahility.     It  i*  a  i 

<  Abhdnd.  der  Schleawig,  G«aeUfich.,  1861,  p.  294, 
'  Centriilblatt,  I860,  p.  600. 

*  See  for  an  eztensiire  seHe&of  rAsearcbes  on  this  point,  including  the  Actlua  of 
Tftrinr  Ettifii^e,   Upwa  Antiar^  Caffein,  Chloroform,  N«pelUn.  Qtitnin«,  and  olbtf 
drug:^,  But'hhc'irii  und  Ki»eninenger  in  Bcklmi-d's  Boitrugo  zur  An«t.  u.  Phv^letr,  I 
Bd/v,  1871,  p,  73. 

*  i^Qv  Dr.  UufflnVs  pflppr,  On  Musc\ilHr  CoTitr«ctif>n,  in   BeaJe'a  ArchlTot  of  M«<ii* 
cine,  ToL  in,  p,  147 ;  an<J  K^no  in  Arcbiv  f.  Amt*  and  Fbysiologiia,  1859,  p»  21X. 

*  PhysioU  Chetnic,  1868,  p.  aiL 
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fcct  of  some  importance  io  relation  to  the  (iisptited  question  of  the  con- 
nection of  muscular  irritability  with  the  uervousi  systein,  that  when,  by  the 
application  of  uarctjiic  Bub^^tances  to  the  nerves^  tueir  vital  projMJrties  are 
destroyed,  the  irritability  of  the  muscle  may  reroaiu  for  some  time  longer, 
showing  that  the  latter  must  be  independent  of  the  former.— The  cfieeU 
produced  by  the  Woorara  and  Upas  Antiar  poisoiia  in  this  respect  are  ex- 
ceedingly curious,  and  have  been  carefully  studied  by  Bernard'  and  otheri> 
Woorara,  Conia,  and,  as  Drs.  Crum  Brown  and  Friiser'  have  shown,  the 
Sulphates  and  Iodides  of  Mcthyl-Btrychninm,  MethyUBrueium.  Methyl- 
Thebaiura,  Methyl-Ckideium,  and  Methyl-Morphium,  all  act  directly  u|K>n 
the  motor  nerves,  whilst  Cyanide  of  Puta^^iuni  and  the  poison  of  the  Upas 
Antiar  abolish  the  irritability  of  the  muscular  ti^ue  itself.  The  evidence 
given  by  Bernard  in  proof  of  this  last  statement  is  very  satisfactory,  for  he 
has  shown  that  the  cause  of  death  after  the  administration  of  a  sufficient 
dose  of  Woorara  is  the  cessation  of  the  respiratory  movements  owing  to 
paralysis  of  the  motor  nerves;  for  not  only  has  it  becJi  proved  by  v.  Bi^zold 
that  by  this  agent  the  rapidity  of  the  conduction  of  stimuli  thniugh  the 
motor  nerves  is  greatly  reduced  and  ultimately  abolished,  but  it  i:*  certain 
that  perfect  recovery  may  take  place  if  artificial  respiration  lie  maiutained 
for  a  sufficient  length  of  time  to  enable  the  poison  to  be  eliminated  from  the 
system  or  decomposed  within  it ;  whilst  in  fcetuses,  and  during  the  earlier 
stages  of  existence  of  lishes  and  other  animals  that  are  not  directly  de|M?iid- 
ent  upon  muscular  movements  ibr  the  aeration  of  their  blood,  thiw  iit-ing 
accomplished  by  the  nmhilical  vesicle,  little  or  no  injurious  effect  m  e3i|ien- 
enced,  the  animab  cout inning  to  swim  ahont  in  a  watery  solution  of  the 
poison  without  apparent  inconvenience.  That  the  sensory  nerves  are  not 
aflected  seems  to  be  proved  by  the  experiments  of  KuUiker  and  Funke,  who 
observed  that  reflex  actions  could  readily  be  excited  in  part^  kept  fret?  from 
the  cir*.'uhLtion  of  p^usoued  blood  hy  the  ligature  of  their  vessels,  on  pricking 
or  pinching  the  skin  of  parts  poisoned  by  the  admission  of  hlocKl  coutaiujng 
Woiirara.  The  inrtueuce  of  the  j>oison  seems  to  he  first  felt  by  the  periph- 
eral extremities  of  the  motor  nerves,  and  its  paralyzing  effect  gradually 
extends  centri{)e tally  through  the  trunks. — An  additional  argument  may  be 
mentioned  in  iavor  of  the  essential  independency  of  mu&cular  irritability,  in 
the  circumstance  that,  although  !spontanet>us  movementa  occur  in  the  muscles 
of  embryoe,  the  muscles  cannot,  in  the  earlier  periods  of  f€fital  life,  be  incited 
to  contract  by  stimuli  directly  applied  to  their  nerv^, — Dr  Httrless"*  again 
found  that  when  the  nerv^ons  system  had  been  rendered,  by  the  inhalation  of 
ether,  utterly  incapable  of  conveying  a  galvanic  ptiroulus  applied  either  to 
the  nervous  centre<gorio  the  nerve-truuks,  the  same  stimulu:*Hf>]>Ued  directly 
to  the  muscles  would  immediately  throw  them  into  powerful  contraction. 
Various  other  experimenters  have  shown  that  wheu  the  nervei*  supplying 
the  mugcle*?  of  a  limb  are  divided  and  the  auimals  are  allowed  to  live,  excit- 
ants applied  to  the  nerves  beyond  the  point  of  division  fail  to  produce  mus- 
cular con  tract  ion  loug  before  they  cease  to  do  so  when  applied  to  the  muscles 
themselves.  Hence  it  is  obvious  that  the  activity  of  the  Nervous  system  is 
not  essential  to  the  manifestation  of  the  characteristic  endowment  of  the 
Muscular. 

671.  The  contractloni  of  the  Heart  present  some  diSbrences  from  those  of 

*  5e©  his  L«!Ctur&  in  M^.  Timei  luid  0uzfftte|  I860,  voL  ii ;  nho  A.  v.  Beaold  in 
Monati^hericht  d«r  Berlin.  Akad.,18S9;  mtid  Mnrttn-Magron  and  Butaaoo  in  JoufDal 
de  Itt  Physlolu^ie,  1860. 

*  Traiisiici.  *Vf  the  Kuy.  Soc  of  Edinb.,  I8fi8.  A  psp<*r  nf  g?eftt  value  on  the  coa- 
nc.>ciiim  betwepn  cheTnica)  const!  tutioD  and  phyaiological  Metion. 

«  MuUep'a  Archif ,  1847^  Bd.  ii. 
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ordinary  striated  muscuUr  tissue,  probably  depending  upon  the  peculiar 
armwgement  of  its  fibres^  whereby  the  contraction  of  onei^t  gives  a  meelian- 
ical  stiniulation  to  others;  for  the  mugcular  substance  of  a  large  part  of  ihe 
organ  ts  thrown  into  rapid  and  euergelie  contraction  by  a  stimului^  applied 
at  any  one  potnti  and  this  coutrac'tion  ts  speedily  tbUowed  by  relaxation, 
which  is  again  succeeded  by  a  number  of  alternating  con tractioof*  and  relax- 
ations." Each  contraction,  however,  has  been  shown  to  be  equivalent  (o  a 
single  shock  in  an  ordinary  striated  muscle  (§  l>67).  On  the  other  band,  if 
we  apply  a  similar  irritation  to  a  portion  of  non^striated  iibre,  as  that  of  the 
Intestinal  Canal,  the  fasciculus  which  is  stimulated  will  contract  leae  sod- 
den ly,  but  ultimately  to  a  greater  amount ;  its  relaxation  will  be  lest  speedy, 
and  before  it  takes  place,  other  fajicicijli  in  the  neighborhood  begin  to  eon- 
tract ;  their  contraction  propagates  itself  to  others,  and  ^o  on.  In  this*  man* 
ner  consecutive  contractions  and  relaxations  may  he  produced  through  a  mn* 
aiderable  part  of  the  canal  by  a  single  prick  with  a  scalpel.  A^in,  in  the 
muscular  structure  of  the  Bladder  and  Uterus  (when  the  latter  is  fully 
developed),  direct  irritation  excites  immediate  and  pow^erlul  contractions, 
which  extend  bt^yond  the  iasciculus  actually  irrltateti,  and  produce  a  great 
degree  of  shortenings  but  they  do  not  alternate  in  the  healthy  state  with  any 
rapid  and  decided  elongation.  Similar  phenomena  may  l)e  observed  on  irri- 
tation of  the  smaller  arteries.  In  order  to  obtain  the  full  conimction  of  a 
muscle  by  irritation  applied  to  the  nerves,  it  is  requisite  that  the  itinrulus 
should  be  applied  for  a  certain  length  of  time;  thus  Budge  ^  found  that  wbea 
an  electric  current  was  passed  through  the  cervical  region  of  the  spmal  cord 
of  a  rabbit  for  the  space  of  half  a  second,  the  pupil  dilated  about  one^iitli 
of  an  inch ;  but  on  continuing  the  application  for  three  seconds,  dilalation 
occurred  to  the  extent  of  nearly  one-third  of  an  inch.  In  all  caries  relaxa- 
tion speedily  alternates  with  contraction,  unless  the  operation  of  the  dttmulus 
be  continued — as  when  an  electric  current  is  propagated  without  int^rmis- 
gion  along  the  nerve- trunks — in  which  ease  the  contraction  la^ts  as  long  as 
the  stimulus  is  continuously  applied,  but  ceases  as  soon  as  it  is  withdraim. 
The  singular  'inhibitory"  ettects  produced  by  irritation  of  some  nerves,  m 
the  pneumogastric  and  splanchnic,  have  already  (§§  244,  96)  been  allmW 
to;  but  further  experiments  are  still  required  before  it  can  iye  admitted  that 
any  nerve  can  really  transmit  a  "stimulus  to  relaxation"  on  the  part  of  the 
muscle  to  which  it  is  distributed.  The  general  fact  that  relaxation  alter* 
nates  with  contraction  at  no  long  intervals  is  most  evident  in  the  rhvthmic&l 
movements  of  the  Heart,-^  and  In  the  peristaltic  action  of  the  fntestinil 
Canal ;  since  in  these  parts  the  whole  or  a  large  proportion  of  the  tibr€«  seem 


*  Ri*y  LMrikcAter  fPflOgcF's  Archiv,  1871  ♦  p,  315)  htm  ahciwa  Ihai  the  tnuacalar  ti#* 
»ue  of  the  HeHTt  U  chameterizGcI  bj  containing  bwrnagtobin. 

»  Pliysiologm,  J  862,  p.  650. 

'  Some  cunouss  rhythmical  movements  bHve  bepn  observ&d  by  M.  Brown^^imid 
(Ga&  MeiJ.f  1S49)  in  the  diaphragm,  in  the  intercoital^f  And  in  iome  of  the  muftdil 
of  locomotion,  boib  *ftci-  detitb  nnd  after  section  of  their  nurvea  during  Hfo.  Thim 
move  men  Is  ciiutd  not  be  in  uny  wuy  dependent  upon  rBfleji  ttction^  bv'C4iiiS4i  tbd^  took 
pliico  vibi'H  the  muscles  wero  completely  cut  off  from  the  nervous  cenlrLt,  aotnViiniii 
to  the  number  of  ffom  G  to  20  in  »  mirmte,  and  fur  «-?  long  as  a  quarter  of  nn  boiif 
ftfler  doHth  -  and  oecABioniLlly  recurred  in  living  uiiimal?  for  lOADy  months  i4fterfr«rv1>, 
especiaUy  when  the  respiration  was  impeded  aud  the  circubition  burridd,  Uf  ««iEni* 
lar  nature  nre  the  vibmlory  movements  of  the  muscles  of  the  tongue  wttnaited  by 
Schttf  after  section  of  the  Uyuglogstils  (Phy^iok^gie,  1609,  p,  177)  \  and  we  may  pif^ 
biip^  refer  to  the  «aii)e  category  the  trembling  movomenu  of  the  baodi  afid  biM  iM 
old  age,  in  certain  forms  of  paralj^is,  and  in  habitual  drunkards  and  aDiokers.  A  I! 
tbeae  casei  fiirnlab  evidence  of  a  tendency  to  rhytbmicni  mnvemenis  in  Ibe  maKfl« 
theiEiKelveSf  altogether  independent  of  the  excitement  to  action  wbkb  they  rccdift 
through  the  nervout  ^yitenr. 
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to  contract  tngetber,  and  then  shortly  t%lax.  But  thia  is  probably  no  leas 
true  oi"  tbe  ludi vidua!  fibres  of  thc^e  muedes  which  are  kept  in  coDtraction 
by  a  stimulus  transmitted  through  their  nerves ;  since  none  of  theui  appear, 
under  ordinary  circumstancea  at  leaatj  to  remain  in  a  contracted  Mate  for 
any  length  of  time,  a  constant  interchange  of  condition  taking  place  among 
the  fibres,  some  contracting  while  others  are  relaxing,  and  Pice  vemt.  It  is 
difficult  to  s^ak  with  confidence,  however,  in  regard  to  the  condition  of  tlie 
individual  hhres  of  a  muscle  that  m  thrown  into  a  state  of  mntinued 
apagmodk  contraction.  Whether  the  individual  fibres  in  such  instances 
maintain  a  atate  of  contraction  without  iutermi^ion,  or  whether  the  contrac- 
tion of  the  entire  muscle  k  kept  up  by  a  continual  interchange  of  the  iibr^ 
actually  engaged,  is  a  very  curjou3  subject  for  inf|uiry. 

67 2/ Muscles  do  not  lose  their  Irritability  immediately  on  the  grnierol 
death  of  the  system,  which  must  be  considered  as  taking  place  when  the  cir- 
culation ccajs^es  without  the  power  of  renewal ;  in  cold-blooded  animals  it  is 
retained  much  longer  after  i\m  f>eriod  than  in  the  higher  Vertehrata,  in 
some  instances  attiiiDing  its  highest  degree  long  after  de^th  has  occurred,* 
whibt  in  the  latter  it  frequently  disapt>ear«  within  an  hour.  The  muscles 
of  young  animals  generally  retain  ^heir  irritability  fur  a  longer  time  than 
those,  of  adults;  on  the  other  hand,  those  of  Birlls  lose  their  irritability 
sooner  than  those  of  Mammalia.  Hence^  as  a  general  rule,  the  duration  of 
the  irritability  is  inversely  as  the  amount  of  respiration.  From  experiments 
on  the  bodies  of  executed  criminals  who  were  previously  in  good  health, 
Nysten  ascertained  that  in  the  human  subject  the  irritability  of  the  several 
muscular  structures  disappears  in  the  fol lowing  time  and  order;  The  lefti 
ventricle  of  the  heart  first,  the  intestinal  canal  at  the  end  of  45  or  ^^  min- 
utesj  the  urinary  bladder  nearly  at  the  same  time,  the  right  ventricle  after 
the  lapse  of  an  hour  ;  the  i:ii3ophagus  at  the  expiration  of  an  hour  and  a  half, 
the  iris  a  quarter  of  an  hour  later;  the  muscles  of  animal  life  somewhat 
later ;  and  lastly*  the  auricles  of  the  heart,  especially  the  right,  which  in  oue 
instance  contracted  under  the  influence  of  galvanism  16^  hours  after  death. 
It  will  be  pr<^ently  shown  that  the  depaiture  of  the  irritability  is  essentially 
dependent  upon  the  cessation  of  the  circulation,  and  that  it  may  be  pre- 
vented from  disappearing,  and  may  even  be  recalled  after  it  has  ceased  to 
manifest  itself,  by  transmitting  a  current  of  arterial  blood  through  the 
muscles.  Xronecter'  has  endeavored  to  establish  certain  laws  of  ranscular 
exhaustion  to  this  effect:  L  That  if  a  muscle  be  overloaded  with  a  definite 
weight,  and  irritated  at  equal  intervals  by  equal  induction  shocks,  the 
height  of  the  contractions  ibrm  an  arithmetical  series,  in  which  the  constant 
diiierence  depends  only  on  the  interval  of  time,  2,  The  diminution  in  the 
height  of  the  contractions  is  independent  of  i be  weight,  and  only  depends  on 
the  interval  between  two  contractions/ 

673*  We  find,  however,  that  sudden  and  severe  injuries  of  the  Nervous 
centres  have  power  to  impair,  directly  and  instantaneously,  or  even  to 
dejdroy  the  contractility  of  the  whole  Muscular  eyatem;  so  thai  death  imme- 
diately results,  and  no  irritability  subsequently  remains.  It  ie  in  this  man- 
ner that  the  midden  destruction  of  the  brain  and  spioal  cord,  especially  of 


1  See  on  the  whole  siilijecl  of  the  Irritability  of  Musclar  a  eood  p»per  by  Dr. 
Korris  In  Humphry  and  Turner's  Journ*  of  Anat.«  voK  i,  p.  217*  See  also  B*  W. 
Etc  bard  son 'i  Urotmittn  Lecturftim  Muftculrtr  Irrittobility  after  8j8temic  Deatbf  A^bat. 
10  Loud.  Med.  Re^jord,  June  1 8th,  1873. 

^  ;^Be  abBtra€t  of  h.\&  (laper  in  the  Journal  of  Antitonav  iin4  Pbysiology,  voU  vi, 
1872,  p.  241. 

*  S«e  in  regard  bo  the  irritftbiUty  of  muaclea  ifter  ayetemla  death,  B.  W.  Blpbard- 
ion,  Prcweed.  Roy,  Soc.,  339,  1874, 
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the  latter*  occasions  tlie  immediate  cessation  of  the  hearths  action,  tliougb 
they  may  be  i^mdufdly  remov^ed  without  any  considerable  effect  u{ion  it. 
8<?vere  concuatiion  has  the  same  effect ;  heuce  the  syncope  which  immedmirl^ 
db^plays  itself.  It  is  Kimetimes  an  important  question  in  forensic  medicine, 
whether  an  individual  who  has  died  from  the  effects  of  a  blow  upon  the 
head,  could  have  moved  from  the  place  where  the  blow  was  indicted*  If 
there  lie  tbund,  as  i^  frequently  the  ease^  no  sensible  disorganization  of  the 
brain,  the  death  miBt  be  attributed  to  the  coucussionj  and  must  have  beea 
in  that  case  imutediat^;.  If,  on  the  other  hand,  efliision  of  blwid  has  takea 
place  within  the  cranium  to  any  considerable  extent,  it  is  probable  that  the 
tirst  eftectfi  of  the  blow  were  in  some  degree  recovered  from,  and  that  the 
circulation  was  re-established.  It  is  not  essential,  however,  that  the  impre»- 
siou  Jiihould  be  primarily  made  upon  the  Cerebro-spiual  system.  The  well- 
known  fact  of  sudden  death  not  uufrequeutly  resulting  from  a  blow  on  the 
stomach,  especially  after  a  full  meal,  without  any  perceptible  lesion  of  the 
vii'cera,  clearly  indicates  that  an  Impression  upon  the  widely-spread  coal  lac 
plexus  of  Sympathetic  nerves  (which  will  be  much  more  extensively  com- 
municated to  them  when  the  stomach  is  full  than  when  it  is  empty)  may 
cauj^e  the  imme<liate  ce^s^ation  of  the  heart's  action,  in  the  same  manner  m 
a  violent  injury  of  the  brain  or  spinal  cord.^  In  all  these  caites  the  whok 
viffdity  of  the  system  appears  to  be  destroyed  at  once ;  for  the  prorfaiwi 
which  would  otherwise  succeed  to  the  injury,  and  which  after  other  kiadi 
of  death  less  sudden  in  their  character,  produce  evident  changes  in  the  part 
of  the  guHace  that  has  immediately  received  It,  are  here  entirely  prevente<l 
An  inj;*tance  Ls  on  record  in  which  a  criminal  under  sentence  of  death  deter- 
mined to  anticipate  the  law  by  self-destruction.  Having  no  other  niean^  of 
accomplishing  his  purpose,  he  stooped  his  head  and  ran  violently  against ' 
the  wall  of  his  cell ;  he  imnied lately  fell  dead,  and  no  nuirk  of  tY+ntusion 
showeti  itself  on  his  forehead.  The  same  absence  of  the  usual  re^^ulu  i**  to 
be  noticed  In  the  case  of  blows  on  the  stomach,  Tlie  Influence  of  severe 
iniprcjvslons  on  the  nervous  system  in  diminiehinri,  when  it  dot^  not  alt*> 
gether  destroy,  raui^eular  irritability.  Is  well  seen  In  the  operation  of  M-vcpe 
injuries  affecting  vital  organs,  or  extending  f)ver  a  large  ^mrt  of  the  jiurffl*% 
in  dcprej^ing  the  heart's  aciiou  ;  to  which  attention  has  alre*idy  been  di* 
rected  (S  241 ). 

674.  From  a  general  consideration  of  the  phenomena  of  Irritability,  we 
can  scarcely  do  otherwise  than  acquiesce  fully  in  the  doctrine  of  Hallcr, 
which  involves  no  hypothesis,  and  which  i^  perfectly  conformable  to  the 
analogy  of  other  departments  of  Physiology.  He  regarded  every  part  of  1 
the  bofly  which  is  endowed  with  irritability  m  ptm^sing  that  projuTty  in 
and  by  itself;  but  considered  that  the  property  is  subjected  to  excitement 
and  control  from  the  nervous  system,  the  agency  of  which  is  one  of  the 
stimuli  that  can  call  It  into  operation.  It  may  be  desirable  briefly  to  suDi 
up  the  fact^  by  which  this  doctrine  is  supported.  L  The  e%i^tcni-e"in  vef0* 
tables  of  irritable  tissues,  which  are  excited  to  contraction  by  stimuli  ai* 
rectly  applied  to  theuiselves,  and  which  can  be  in  no  way  depeiiilent  upoa 
or  influenced  by  a  nervous  system.  2.  The  existence  in  animals  of  a  fono 
of  muscular  ti.'isue  which  is  especially  connected  with  the  maintenance  of 
the  organic  functions,  and  which  is  much  more  readily  excited  to  action  by 
direct  stimulation  than  it  is  by  nervous  agency.  3.  The  fact  that  by  the 
agency  of  these  the  organic  functions  may  go  on  (so  long  &g  their  requkite 
conditions  are  supplied)  after  the  removal  of  the  nervous  oentres  (of  tht 
Cerebro-splnal  system  at  least),  and  when  thege  wer^  never  present;  reuderiag 
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it  next  to  certain  that  tlieir  ordinary  operations  are  not  depeudept  upon  any 
stimuli  recei%^ed  thiiough  the  nerves,  but  upon  those  directly  applied  to  thera- 
selves.  4.  The  penrUtence  of  irntability  in  toyscles,  ibr  some  time  ntX&r  the 
nerves  have  ceased  lo  be  able  to  convey  to  ihem  the  effects  of  stimnli ;  thU 
is  eomtantly  seen  in  regard  to  the  8ytn pathetic  eystem  of  nerves,  and  the 
muscles  of  orgntiic  Jife  upon  which  they  o|>erate ;  and  it  is  yhown,  by  the 
agency  of  narcotics,  to  be  true  alg*v  with  respect  to  the  Cerebro-spinal  sys- 
tem alid  the  rausclea  of  Animal  life,  5,  The  continuance  of  irriiability  in 
the  muscles  after  th^ir  complete  isolation  from  the  nervous  centres,  so  long 
as  their  nutrition  is  unimpaired ;  and  the  eHects  of  fre<iuent  exercise  in  pre* 
venting  the  impairment  of  the  nutrition  and  the  loss  of  irritability,  6.  The 
recovery  of  the  irritability  of  muscle,  when  isolated  from  the  nervouii  cen- 
tres, after  it  has  beeu  exiiauated  by  repeated  stimulation  :  this  also  (lepends 
upon  the  healthy  performance  of  the  nutritive  actions.  7.  The  existence  of 
certain  poisons  wliich  appear  to  jwssess  a  directly  depressing  effect  on  the 
conducting  power  of  motor  nerves,  without  exerting  any  iufluence  upon  the 
irritability  of  muscles  (§  670).  8.  The  existence  of  certain  tracts  of  mus- 
cular tist^ue,  as  those,  for  instance,  of  the  walls  of  the  umbilical  vessels, 
which,  according  to  Virchow,  whilst  possessing  cfiusiderable  irritability,  fehow 
no  trace  of  nervous  tissue.  In  the  words  of  Dr.  Alison,  then,  "  the  only 
ascertained  final  cause  of  all  endowments  bestowed  on  nerves  in  relation  to 
muscles  in  the  living  body,  appears  to  be  not  to  make  nmscles  irritable,  but 
to  subject  their  irritability  in  different  ways  to  the  dominion  of  the  acts  and 
feelings  of  the  mind*' — to  its  volitions,  emotions^  and  instinctive  determiua- 
tions/ 

675.  There  can  be  no  question  that  the  condition  most  essential  to  the 
raainteuauee  of  musc^jlar  contmctility  is  an  adeauat^  ^^^pp^y  of  arterial  hiood^ 
It  is  well  known  that  wheu  a  ligature  is  applied  to  a  large  arterial  trunk  in 
the  Human  subject,  there  is  not  only  a  deficiency  of  sensibility  in  the  surlace, 
but  also  a  partial  or  conjfdete  suspension  of  muscular  power*  nnlil  the  col- 
lateral iMTculation  is  established.  The  same  result  has  been  constantly 
attained  in  experiments  upon  the  lower  animals;  the  contractility  of  the 
muscle  being  impaired  or  altogether  extinguished  when  the  How  of  blood* 
into  it  was  arreted,  and  being  recovered  again  wheu  the  supply  of  blood 
was  restored.— The  various  experiments  of  M.  Brown-S^quard*  on  this  sub- 
ject are  still  more  satisfactory,  as  showing  that  the  contractility  of  muscles,, 
whether  of  the  striated  or  smooth  variety,  may  not  only  be  restored  by  the 
transmission  of  aerated  blood  through  them,  after  it  has  entirely  ceased,  but 
that  this  may  even  occur  when  it  has  given  place  to  cadaveric  rigidity. 
Thus  he  found  that  wheu  he  connected  the  aorta  and  vena  cava  of  the  body 
of  a  rabbit  which  had  been  some  time  dead,  and  in  which  the  cadaveric 
rigidity  had  already  manitested  itself  for  between  ten  and  twenty  minutes, 
with  the  cor rcB ponding  vessels  of  a  living  rabbit,  so  as  to  re-establish  the 
circulation  in  the  lower  extremities,  the  rigidity  disappeared  in  from  six  to 
ten  minutes,  and  iri  two  or  three  minutes  afterwards  the  muscles  contracted 
on  being  stimulated.  He  subsecjuently  made  similar  experiments  upon  the 
muscles  of  a  decapitated  criminal ;  tb^'hand  being  selected  as  a  convenient 
part  for  the  pur|>ose.  It  wiis  not  until  nearly  12-^  hours  after  death  that  all 
traces  of  irritability  had  left  the  muscles,  and  the  injection  was  not  com- 


'  For  a  good  r&umi  of  the  »irgum©nl»  for  and  «g«iniit  the  theory  of  independent 
irritnbiUty  in  ii)u*cl©s^  »e«  u  pnper  by  Dr.  H,  2^.  Miiolaunn  ttj  Kdiob.  Mi*d.  JoarnHl, 

July,  ism. 

*  t3<3e  GMsetto  M^dkalc,  1851,  Kos.  24  and  27;  and  Joarnnl  de  Ir  Pbysiolck^e,  1858| 
vol.  ij  pp.  &5,  353,  729.  For  some  more  recent  ex  peri  men  Uj  *e©  M,  Roliti  in  hii 
Journal  de  k'Aaalumiei  ISti^t  p,  69. 
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menced  until  45  itiimiteg  after  thi&,  cadaveric  rigirlity  having  ap|>eared  b 
the  interval.  About  Haifa  pound  of  humaD  blood,  which  had  been  deJibri^ 
nated  an*!  freely  exposed  to  the  air  so  aa  to  acquire  the  arterial  tiDl,  wm 
then  injected  atiotervals  for  about  thirty-five  minutes;  tea  iniouttfs  after 
the  last  injeuttoD  the  greater  number  of  the  muscles  were  fouod  to  he 
irritable,  and  these  remained  so  for  two  hours,  after  which  the  cunlmcrdilv 
gradually  departed,  and  was  succeeded  by  cadaveric  rigid Uy.  The  blixJ, 
which  had  been  injeeled  in  an  arterialized  condition,  issued  from  the  ve^t^li 
quite  dark  J  and  m  thia  occurred  over  and  over  again,  the  change  of  hue 
could  not  be  attributed  to  anything  eke  than  the  reaction  between  the  blood 
and  the  tissues. — Similar  exnerimeut*!  were  made,  twenty-aeveu  hours  after 
death,  upon  the  muscles  of  the  foot  of  the  same  criminal,  but  with  an  en- 
tirely negative  result,  save  that  the  blood  which  was  injecte^l  returned  of  a 
considerttbly  darker  hueJ — 8tiU  more  recent  experiments  have  shown,  that 
in  order  that  the  muscles  ehould  retain  their  elongated  conditiim,  it  is  neoei- 
ga ry  that  ihev  should  be  supplied  with  arterial  blood,  the  passage  of  venous 
blood  through  their  cnpillarieja  inj mediately  inducing  contraetiou.  This  waa 
remarkably  exemplified  in  an  experiment  made  by  SL  Brown-Sequard  upon 
a  pregnant  rabbit,  in  which  the  injection  of  venous  blood  into  the  uterine 
vessels  immediately  excited  the  organ  to  contract,  and  caused  the  expulsion 
of  two  or  three  fijetnses,  whilst  on  injecting  arterial  bloiid  all  signs  of  coo- 
traction  immediately  passed  off  It  is  doubtful  whether  the  stimulus  to  ' 
contraction  in  these  cases  is  the  presence  of  carbonic  acid,  or  whether,  bm 
Dr  Rndclitie''  supposes,  it  is  not  rather  to  be  attributed  to  a  deficiency  of 
oxygen^  the  readraisision  of  which  restores  the  vital  prf»[>ertie!a  of  the  mUKjle 
and  induces  its  eJ  on  gat  ion.  The  Jatit^r  view  is  certainly  supported  by  the  ' 
violent  convulsions  which  occur  in  animals  that  are  bled  to  death :  and  cveo 
the  convulsions  which  are  witueifised  in  asphyxia,  when  the  con  tract  eii  state 
of  the  small  arteries  (^  324)  and  the  consequent  diminished  transmi?^ion  of 
blood  through  the  capillaries  are  borne  in  mind,  are  not  unfavorable  to  it, 
Dr  Radcl  I  fie  has  adduced  the  interesting  e  x  peri  men  ta  of  Dr.  George  Harley* 
upon  the  influence  of  the  addition  of  strychnia  and  brucia  to  blood,  as  essen- 
tially confirmatory  of  bis  view;  since  these  poiiions  diminish  the  c*ap»eity  of  j 
the  blood  to  absorb  oxygen,  and  their  action  may  tbuB  be  said  to  be  ^mv- 
alent  to  a  copious  loss  of  blood, 

676p  Whilst  the  IrritabilUy  of  Muscles  is  gradually  departing  aft«r  death, 
it  not  unfrequeutly  shows  itself  under  a  peculiar  form ;  *br,  instead  of  pro- 
ducing sudden  contractions,  sf>eedily  followed  by  relaxation,  the  applimtion 
of  stimuli  then  occasions  slow  and  somewhat  prolonged  contractions,  the 
relaxation  after  which  is  tardy.  This  form  of  contraction  is  sebiom  seen  in 
adult  Mammalia,  except  (as  will  be  presently  shown)  when  death  has  taken 
place  from  certain  diseases  that  have  a  special  influence  on  the  blocid  and 
muscular  syt^tem;  but  it  is  stated  by  M.  Brown -S^quard*  to  pre^nt  itself 
more  constantly  in  young  animals,  and  to  be  (so  to  speak)  an  ex aggt* ration 
of  the  ordinary  mad'^i?  operandi  of  their  muscles,  which  during  life  are  mudi 

^  In  llobtn'a  experiments  u^ion  di^CHfUtated  criinin»U,  the  heart  could  be  m*d«  to 
recononenc^  it§  rhythmical  cuntrttclMm  by  blowing  nlr  into  it»  eiivhics  Uj»wiir4i  of 
one  hour  *4rid  ii  quiirier  iifier  ext'ouiion.  Thecontrictloni  eontinued  Ibr  viutii  ttiintiUA. 
Rospnthftl  (Wien.  Med.  Pre»»j  187:^,  Noti.  ISnnd  )9J  found  ibal  th©  mui^cl^  of  th« 
trunk  Hfid  exiremHies  lone  their  irrUnhility  nnd  cfiti^e  to  r^ptitid  to  frtnidi*-eltH.'iric»i 
excltution  within  a  period  varymg  from  90  to  180  minutw  after  death, 

*  In  who«6  work  on  Epileptic  and  olfat^r  Convulsive  Aifiirtioni  uf  the  Kertoui 
System  (Sd  edit.,  1861)  muuh  origitiHl  and  intereiUng  infortimtion  on  ih«  iubj«ciaf 
tnuienlar  contractility  will  be  found. 

»  8eo  Lancet,  1866.  , 

*  QAZ/QtUi  M^fcale,  December  22d,  1849.    See  alio  Korrii,  loc.  cil* 
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more  slowly  thrown  into  contraction  by  mechanical  stimuli  than  they  are  in 
idults. — ^The  most  remarkable  manifestations  of  it  yet  observed,  however, 
have  been  witne3sed  after  death  from  Cholera  and  Yellow  Fever ;  for  in 
these  cases  the  muscular  contractions,  though  capable  of  being  excited  by 
mechanical  stimulation  applied  to  the  muscles  themselves,  are  frequently 
ipoDtaneous,  and  sometimes  give  rise  to  movements  strongly  resembling  the 
ordinary  actions  of  the  living  state.     In  regard  to  the  occurrence  of  this 

eenomenon,  after  death  from  yellow  fever,  several  interesting  observations 
ve  been  recorded  by  Dr.  Bennet  Dowler,  of  New  Orleans.^  In  one  case, 
the  subject  of  which  was  an  Irishman,  aged  twenty-eight,  the  following 
•eries  of  movements  took  place  spontaneously  not  long  after  the  cessation  of 
the  respiration ;  first  the  left  hand  was  carried  by  a  regular  motion  to  the 
throat,  and  then  to  the  crown  of  the  head ;  the  right  arm  followed  the  same 
route  on  the  right  side;  the  left  arm  was  then  carried  back  Uy  the  throat, 
and  thence  to  the  breast,  reversing  all  its  original  motions,  and  finally  the 
right  hand  and  arm  did  exactly  the  same.  Similar  phenomena  have  been 
described  by  Mr.  N.  B.  Ward,  Mr.  Helps,  and  Mr.  Barlow,'  as  occurring  in 
the  bodies  of  cholera  patients.  Many  circumstances  indicate  that  these 
movements  were  due  to  the  inherent  contractility  of  the  muscles,  and  were 
not  in  any  degree  dependent  upon  the  operation  of  the  nervous  system;  and 
Iff.  Dowler  proved  experimentally,  by  completely  separating  limbs  which 
exhibited  these  movements  from  the  trunk  of  the  body,  that  the  influence 
df  the  nervous  system  was  not  in  any  degree  essential  to  their  production. 

677.  The  Rigor  Mortis,  or  Cadaveric  rigidity  of  the  muscles,  is  essentially 
the  result  of  the  coagulation  of  myosin  (which,  according  to  Michelsohn,  is 
due  to  the  action  of  a  ferment).'  It  begins  immediately  after  all  indications 
of  irritability  have  departed,  but  before  any  putrefactive  change  has  com- 
menced. The  supervention  of  the  rigidity  is  not  usually  prolonged  much 
beyond  seven  hours,  though  a  tetanic  state  at  first  sight  resembling  it  may 
occasionally  be  observed  to  occur  instantly  after  death  from  some  peculiar 
cxmditions  of  the  nervous  and  muscular  systems  at  the  moment,  in  other 
instances  twenty  or  even  thirty  hours  may  elai)se  before  it  shows  itself.  Its 
general  duration  is  from  twenty-four  to  thirty-six  hours,  but  it  may  pass  off 
much  more  rapidly,  or  it  may  be  prolonged  to  four  or  six  days.  It  first 
affects  the  neck  and  lower  jaw,  then  the  trunk,  then  the  upper  extremity, 
and  finally,  the  muscles  of  the  lower  extremities.  In  its  departure,  which  is 
immediately  followed  by  decomposition,  the  same  order  is  followed.  It  is 
remarkable  that  it  is  equally  intense  in  musc*les  which  have  been  paralyzed 
by  Hemiplegia,  or  whose  nerves  have  been  previously  severed,  provided  that 
no  considerable  chan^  has  taken  place  in  their  nutrition.  It  was  the  opinion 
of  Mr.  Hunter  that  death  from  exhaustion  by  hunting,  as  well  as  by  light- 
ning, completely  prevents  the  post-mortem  rigidity  of  muscles,  and  the  coagu- 
ktion  of  the  blood.  But  the  observations  of  Gulliver^  have  proved  that  in 
animals  killed  by  hunting  and  by  fighting,  the  rigor  mortis  is  greatly  has- 
tened, and  that  the  blood  does  coagulate.  He  found  that  deer,  foxes,  and 
hares  became  quickly  stiff  after  being  hunted  to  death  ;  and  that  game  fowls, 
exhausted  and  worried  to  death  by  fighting,  become  quite  stiff,  and  have  the 
blood  coagulated  in  their  hearts  within  twenty-eight  minutes  after  the  last 
&lal  wound.  The  immersion  of  Batrachian  reptiles  in  water  at  a  temperar 
ture  of  about  120^  kills  them  instantly,  when  their  muscles  become  imnie- 

*  Experimental  Researches  on  tho  Post-mortem  Contractility  of  the  Muscles,  184(5. 

*  See  Mr.  F.  Barlow's  Observations  on  the  Muscular  Contrai'tions  wbich  occa^ioa- 
tllv  occur  after  Death  from  Cholera,  in  M<*d.  Gazette  for  1849-50. 

'  Journ.  of  Anat.  and  Phys  ,  1874,  p.  213. 
«  Edinb.  Med.  and  Surg.  Journ.,  Oct.  1848. 
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diately  very  i^tifl:  Indeed  it  mav  be  eaid  that  all  circumstances  which  teud 
to  exhaust  or  depref^s  the  irritabflitv  of  the  imim^les,  euch  as  deiith  hr  *lnw 
aod  waetbg  disease,  violent  muscnfar  exertion  immediately  before  death,  or 
powerful  electrical  shocks  passed  through  the  motor  nerves,  indtice  the  eariy 
appearance  and  ipeedy  departnre  of  this  state — putrt'faetion  BubsegueDlly  ap* 
peanng  and  progressing  rapidly.  On  the  other  hand,  when  the  getieru 
energy  has  been  retained  up  to  a  short  period  before  death,  aa  iu  f persons  wbo 
die  from  an  accidental  cauj^,  or  in  animals  the  irritability  of  whose  inu^les 
baa  been  augmented  by  cold,  cadaveric  rigidity  sets  in  late  and  lasts  long, 
and  putrefaction  also  appears  late  and  progresses  slowly.  Muscles  deuriveil 
of  blood  by  the  ligature  of  their  arteries,  or  brought  into  contact  with  dis- 
tilled water,  ammonia,  dilute  acids,  alkaline  salts*  metallic  ^ts,  alcohol,  or 
chloroforra  (all  of  which  produce  coagulation  of  the  myosiD,  whilst  gora«  of 
tbem  act  on  tbeother  albuminous  coustituents  of  muscle),  pass  into  a  stata 
closely  analogous  to,  if  not  identical  witli  Rigor  mortis;  and  within  certain 
limits  their  powers  can  l>e  reftni^d  by  the  readniission  of  a  current  of  duly 
oxygenated  or  arterial  blood*  The  contractile  force  exerted  in  Rigor  mortis, 
according  to  Hermann  and  Walker,*  is  generally  less  than,  though  some- 
times fully  equal  to,  or  even  greater  than  that  which  the  muscle  can  exert 
on  feitrotig  electrical  excitation, — The  condition  of  the  muscles  iu  post-mortem 
rigidity  m  m  many  respects  diflTerent  from  I  bat  of  the  contraction  which 
occuns  during  life.  In  the  former  the  shortening  is  persistent  and  uniform, 
the  elasticity  of  the  tii^ue  is  increased;'  and  when  it  is  induced  by  Heat,  a 
distinct  diminution  in  the  bulk  of  the  muscle  occurs;  it  feels  firm  and  hard, 
and  there  are  no  signs  of  electrical  disturbance.  In  the  latter,  on  the  con- 
trary, the  contraction  in  intermittent,  and  there  is,  as  we  have  seen,  a  dimi* 
nutioti  in  the  amouDt  of  the  elasticity  and  of  firmness,  and  evidence  of  a 
change  in  the  state  of  electrical  tension  (negative  varmtiou  j.^ — In  Rigor 
mortis  the  muscles  generally  have  an  acid  reaction;  but  this  U  not  always 
the  case,  and  the  two  conditions  are  therefore  independent  of  each  otbek' 
According  to  Ranke*  and  Hermann,  living  muscle  absorbs  far  more  or?geii 
than  dead;  as  is  shown  in  the  following  table: 


Tticn|i«rftture, 
0*—    2*C., 


247'!  voK  per  cent. 
7**^    fi^a,         ,         .  .  .  14.72     " 

16^^  _  20^  C.  (Hermftnn^i  Eiperiment),  S.61     »^  ** 

4G"  — 6&''a,        ....  2,01     *'  *« 

The  absorption  here  indicated  is  clearly  of  a  physiological  nature,  niiie^  it 
steadily  diminishes  with  increasing  elevation  of  temperature,  which  hastens 
the  death  of  the  muBclcj  and  would  prove  favorable  to  any  purely  cbemlcil 
changes. 

678.  It  was  formerly  customary  to  diTide  the  Muscles  into  two  groim, 
termed  the  **  voluntary,"  and  **  involuntary,"  corresponding  to  the  *' 8triiiti?i1  *' 
and  "u  on -striated"  tissue  respectively,  but  there  are  various  circumstance 
which  show  that  this  system  of  classification  cannot  be  consiiitenLly  main- 
tained. It  is  quite  true  that  all  the  Muscles  of  Organic  Life  may  be  truly 
styled  '^iuvoluutary  ;**  for  although  they  are  capable  of  being  inllueuced  by 
emotional  and  ideational  states  of  mind,  yet  the  Will  cauuot  eJtert  anj 

>  Ffliiger's  ArchjT,  Bd.  iv,  1871,  p.  182. 

*  Tbera  seenii  tt>  be  uome  dilTerence  c^f  opinion  on  thii  point,  Hermann  itnd  Wiilk^ 
(PfliJger*8  Archiv,  1871,  Tol.  ir^  p.  182)  mwintmnlng  thul  muiclet  In  rigor  morll«poi- 

ftess  II  greater  extenaiblUty  thnn  cotitrnuted  mmales, 

*  Wundi,  Phyaiokigie  de»  Wenwihen,  187H,  p  476. 

*  Die  LebenetedinguTvgeu  der  NorveUi  1868|  p.  8». 
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direct  iDfluence  upon  them,  only  affecting  them  indirectly  by  its  power  of 
determining  these  states.  But  over  those  Muscles,  also  administering  to  the 
oiganic  functions,  and  doing  so  in  obedience  to  impulses  purely  automatic, 
which  are  called  into  action  by  the  Cranio-Spinal  nerves,  the  Will,  as  we 
have  seen,  exerts  some  power;  and  such,  therefore,  cannot  be  properly 
regarded  as  involuntary,  since  the  Will  can  influence  their  state ;  whilst 
they  are  far  from  being  truly  voluntary,  since  the  Will  cannot  control  their 
tendency  to  automatic  action  beyond  a  certain  limited  amount  (§  294).  On 
the  other  hand,  every  one  of  the  Muscles  usually  styled  voluntary,  because 
ordinarily  called  into  action  by  the  Will,  is  liable  to  be  thrown  into  action 
involuntarily ;  either  by  an  Excito-motor  stimulus,  as  in  tetanic  convulsions, 
or  by  Consensual  action,  as  in  tickling,  or  Emotionally,  as  in  laughter  or  rage, 
or  simply  Ideationally,  as  in  somnambulism  and  analogous  states.  Hence 
although  there  are  certain  groups  of  muscles  which  are  more  frequently 
acted  on  by  the  Will  than  by  any  other  impulse,  and  certain  others  which 
are  more  frequently  played  on  by  the  Emotions,  and  so  on,  it  becomes 
obvious  that  every  muscle  called  into  contraction  by  the  Cranio-Spinal 
nervous  system,  is  capable  of  receiving  its  stimulus  to  movement  from  any 
of  these  sources;  the  nerve  force  transmitted  along  the  motor  fibres,  being 
inued  either  from  the  Spinal  Cord,  from  the  Sensory  Ganglia,  or  from  the 
Cerebrum,  as  the  case  may  be,  but  being  in  its  nature  and  effects  the  same 
in  every  instance. 

679.  The  grouping  or  combination  of  muscular  actions,  which  takes  place 
in  almost  every  movement  of  one  part  of  the  body  upon  another,  must  be 
attributed,  not  to  any  peculiar  sympathy  among  the  Muscles  themselves,  but 
to  the  mode  in  which  they  are  acted  on  by  the  Nervous  Centres.  This  is 
moet  obviously  the  case  with  regard  to  those  of  the  primarily  automatic 
class ;  but  it  can  scarcely  be  doubtful  as  to  those  of  the  secondarily  automatic 
kind  (§  510),  such  as  walking,  which,  though  at  first  directed  by  the  Will, 
comes  by  habit  to  be  performed  under  conditions  essentially  the  same  with 
the  preceding ;  and  when  it  is  borne  in  mind  that  even  in  voluntary  move- 
ments the  Will  cannot  single  out  any  one  muscle  from  the  group  with  which 
it  usually  co  operates,  so  as  to  throw  this  into  separate  contraction,  but  is 
limited  to  determining  the  result  (§  540),  it  seems  pretty  obvious  that  even 
here  the  grouping  is  effected  by  the  endowments  of  those  Automatic  centres 
from  which  all  the  motor  impulses  immediately  proceed  to  the  muscles,  and 
not  by  Cerebral  agency.  In  fact,  the  whole  process  by  which  we  acquire 
the  power  of  adapting  our  muscular  actions  to  the  performance  of  some  new 
kind  of  movement, — as  in  the  case  of  an  infant  learning  to  walk,  a  child 
learning  to  write,  an  artisan  learning  some  occupation  which  requires  nice 
manipulation,  a  musical  performer  learning  a  new  instrument,  and  so  on, — 
is  found,  when  attentively  studied,  to  indicate  that  the  Will  is  far  from  hav- 
ing that  direct  and  immediate  control  over  the  contractions  of  the  Muscles, 
which  it  is  commonly  reputed  to  possess ;  and  that  the  o|)eration  really 
consists  in  the  gradual  establishment  of  a  new  grouping  of  the  separate  ac- 
tions, in  virtue  of  which,  the  stimulus  of  a  Volitional  determination,  acting 
under  the  guidance  of  the  muscular  sensations  (§  536),  henceforth  calls  into 
contraction  the  group  of  muscles  whose  agency  is  competent  to  carry  that 
determination  into  effect.  For,  however  amenable  any  set  of  muscles  (as 
those  of  the  arm  and  hand)  may  have  become  to  the  direction  of  the  Will, 
in  any  operations  which  they  have  been  previously  accustomed  to  perform, 
it  is  only  afler  considerable  practice  that  they  can  be  trained  to  any  method 
of  combined  action  which  is  entirely  new  to  them ;  and  even  if  we  attempt 
to  bring  our  anatomical  knowledge  into  use  for  such  a  purpose,  by  mentally 
fixing  upon  certain  muscles  whose  action  we  wish  to  intensify  and  to  associ- 
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ate  will)  those  of  others^  we  fiud  that  sucli  a  melliod  of  proceeditig  a0op!s 
no  assistance  whatever,  but  rather  tends  to  impede  our  progress,  bydmiriog 
off  the  attention  from  the  "  guiding  senaations*'  (visual,  muscular,  etc.),  i»liidi 
are  the  only  regulators  that  ean  be  dejtended  upon  for  detenuiumg  lb«^ 
due  perfornaanee  of  the  volitional  mamlate. — Hent?e  we  are  led  by  the^y  coa- 
siderations,  as  by  those  stated  in  the  preceding  paragraph,  to  tht^  conchiitioD 
that  the  agency  which  directly  affects  the  mus^cles  Is  of  the  ^rae  kind,  aud 
that  it  operates  under  the  same  instrumental  cooditiom  whatever  l>e  tlie 
primal  source  of  the  motor  power.  And  in  watching  the  gradual  tt*!qul^^^ 
ment  of  the  ea|mcity  for  different  kinds  of  movement,  during  the  periodii  of 
Infancy  and  Child htK>d  in  the  Human  subject,  we  find  everything  to  conHrm 
this  conclusion.  For  it  becomes  obvious  that  the  actjiiiremeot  of  Voluntiiry 
power  over  the  movements  of  the  limbs ^  m  just  a^  gradual  as  it  is  over  the 
direction  of  the  thoittjhts:  all  the  activity  of  the  body.m  well  as  of  the  wind^ 
being  in  the  first  instance  automatic,  and  the  Will  pnigressively  extending 
its  domination  over  the  former,  as  over  the  latter,  until  it  brings  uuder  its 
control  all  those  muscular  movements  which  are  not  immediately  ref|utred 
for  the  conservation  of  the  body^  and  turns  them  to  its  ow^o  uses,^ 

2.   Of  the  Sytnmetry  and  Haf*tnor}^  of  MuHcitlar  Maifement^ 

QRO.  It  might  have  been  not  unreasonably  supposed,  a  priori^  that  thoi?e 
muscles  would  have  been  most  readily  put  to  simulmneous  contmction  which 
correspond  to  each  other  on  the  two  sides  of  the  body ;  in  other  words,  that 
gymmetrkal  movements  would  be  thtj-se  most  readily  [>erformed,  !^uch,  how- 
ever, is  by  no  means  the  case;  for  in  many  of  our  most  familiar  actions  we 
consentaneously  exert  different  muscles  on  the  two  sides  of  the1x>dy.  Thb  is 
nowhere  more  clearly  shown  than  in  the  various  movements  that  are  re- 
quired for  the  performance  of  the  different  acts  of  locomotion,  and  which 
may  here  l>e  briefly  noticed.  In  order  to  maintain  the  body  in  ibe  erect 
posture,  simple  as  the  effort  appears,  the  concurrent  action  of  many  museJefi 
la  required,  as  is  clearly  shown  not  only  by  the  numerous  and  futile  inak 
made  by^  children  liefore  the  |>ower  of  balancing  is  acquired,  but  by  the  im* 
possibility  of  placing  a  dead  l)ody  in  this  position  without  stupport.  la 
gtandiitg  the  legs  are  more  or  leas  extended ;  and  the  weight  of  the  trunk  Is 
tninsraitted  through  the  femora  and  the  tibiae  and  fibulae  to  the  astragali. 
These,  with  the  other  tarsal  and  metatarsal  bones,  form  an  elastic  arch  oo 
either  sifle,  which,  whilst  allowing  the  great  superincumbent  pressure  to  he 
borne  with  e^se,  enables  each  foot  to  accommodate  itself  to  irregula rt litis  <if 
the  surface  of  the  ground,  and  at  the  same  time  breaks  the  shuck  or  jaf 
which  would  otherwise  be  experienced  in  the  various  movements  of  walking, 


1  The  wplihide  uhich  h  atxiulred  hj  pnsclic**,  for  tbo  p^rformjince  of  ^ortula  MC^ 
lions  that  were  at  ^r^t  Hccotnplkhed  with  difficulty,  leenift  to  rPfuH  ftfi  much  fft»m  t 
ftrueturiil  L-hangf^  which  the  cuntinufti  r**pr-iUion  of  ihera  occttslons  in  th*?  Slu*ck,  ms 
in  the  hubit  which  the  Nervous  system  acquirf^  of  eiciling  ihi*  mov<?mi:*nt*  Thm 
tiim^st  evory  person  JentDing  to  play  on  a  musk-nl  itistrutnent  find*  %  ditBruliy  (ii 
Ciiuaing  ibe  two  shorter  fingers  to  mov«  indcpt^ndpotly  of  each  other  and  'if  tb«>  n«t; 
this  IB  piirliciilftfly  thi^  ch^o  in  rogard  to  the  ring  finger.  Any  ono  may  *iili*fy  hiiB- 
telf  of  the  difficulty  by  layini:  the  palm  of  the  hand  flat  on  «  tuble,  Hnd  raUirij;  one 
flower  after  the  oih^r,  when  it  will  be  found  thflt  the  riiii*  ilnjc**^  *^"**ti  *t*«pcfllv  hi*  Itflpd 
without  disturbing  the  real, — evidently  Ironi  thft  diffit'uity  of  dpiaLhin^;  (hn  urtioii 
af  the  port)  on  of  the  extensor  cGmmuniM  digitonmif  by  wliieh  lb  ft  move  wient  h  pN>- 
duc«di  from  tbtit  of  tbe  remainder  of  ihe  mufcle.  Yet  {n  the  prHctlciHl  muntciaiVr 
the  command  of  the  WiU  ovor  all  the  flngers  beeornea  iifiirly  alike  ;  and  it  e^M 
aeftrcely  be  doubted  tbnt  eome  ebaoge  in  the  *l  rue  tore  of  the  niu*clet  or  a  n**w  4<v*l- 
opment  of  it£  nerv©*tibrea  tiikos  placej  which  flavors  the  isolated  op^rutign  of  tti  •*** 
oral  diviiions. 
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running,  or  leaping.  The  centre  of  gravity  of  the  whole  body  lies,  accord- 
iDg  to  Weber,  in  the  promontory  of  the  sacrum  ;  but,  according  to  Meyer, 
in  the  canal  of  the  second  sacral  vertebra.  As  long  as  a  perpendicuhir  line 
drawn  from  this  point  to  the  earth  drops  within  the  basis  formed  by  the  feet, 
the  erect  posture  can  be  maintained  with  comparative  ease;  if  it  drop  out- 
side that  basis,  the  subject  must  inevitably  fall.  The  chief  muscles  called 
into  play  in  the  standing  position  are  those  which  keep  the  head  vertical  on 
the  spinal  column,  as  the  recti,  obliqui,  sterno-mastoids,  splenii,  coinplexus, 
etc.,  the  extensors  of  the  spine,  as  the  erectores  spina;  and  their  prolonga- 
tions, and  the  extensors  of  the  thigh  and  leg;  but  the  op}M)sitc  muscles  are, 
as  a  sailor  would  express  it,  "taut"  and  ready  to  contract  instantaneously 
and  unconsciously  on  the  slightest  indication  of  loss  of  equilibrium. 

681.  Walking. — In  this  movement  the  body,  supported  in  a  nearly  vertical 
position,  alternately  rests  on  the  right  and  lefl  leg;  the  limb  upon  which  it 
does  not  rest  swinging  forward,  like  a  pendulum,  in  a  remarkably  regular 
manner,  iust  sufficiently  bent  to  avoid  contact  with  the  ground.  This  is  not 
eflfected,  however,  quite  apart  from  muscular  actiou,  since,  as  M.  Duchenne 
has  shown,  certain  muscular  paralyses  (of  flexor  muscles;  prevent  the  os<:il- 
latiou  from  occurring.^  If  we  examine  the  successive  movements  which 
occur  in  making  two  steps,  it  will  be  found  that  if  the  subject  be  standing 
firmly  with  the  left  leg  in  advance,  the  first  act  consists  in  raising  the  heel 
of  the  right  foot,  which  is  accomplished  by  the  ga^^trocnemius  and  soleus 
muscles;  and  the  weight  of  the  whole  body  thus  raised  is  by  the  simul- 
taneous contraction  of  the  psoas  and  iliacus  muscles  of  the  left  leg  thrown 
over  to  the  lefl  side,  resting  for  an  ipstant  upon  the  left  foot.  At  this  period 
all  the  extensors  of  the  left  leg,  the  gluttei,  the  quadriceps  extensor  femoris, 
the  tibialis  ahticus,  etc.,  are  powerfully  contracted.  The  right  leg,  the  toe 
of  which  is  the  last  part  whicn  touches  the  ground,  now  swings  forward,  the 
knee  and  hip  Joints  being  just  sufficiently  bent  to  enable  the  foot  to  clear  acci- 
dental irregularities  of  the  surface.  Lastly,  the  right  heel  is  planted  on  the 
ground  in  front,  and  is  immediately  followed  by  the  whole  surface  of  the  foot ; 
but  coinciden tally  with  this  occur  the  elevation  of  the  lefl  heel  and  the  throw- 
ing over  of  the  weight  of  the  trunk  to  the  right  side,  which  is  followed  by  the 
swinging  forward  and  implantation  of  the  lefl  foot,  and  so  on  alternutcly. 
The  weight  of  the  legs  in  the  act  of  swinging  forward  has  been  shown  by 
Weber  to  be  materially  diminished  by  the  pressure  exerted  by  the  atmos- 
phere in  retaining  the  head  of  the  femur  in  the  acetabulum.  The  ordinary 
rate  of  movement  in  walking*  for  each  person  is  to  an  important  extent 
regulated  by  the  length  of  the  leg,  and  the  consequent  duration  of  its  [)en(lu- 
lum-like  oscillation.  Various  compensatory  movements  in  walking  occur  in 
order  to  maintain  the  ec^uipoise  of  the  body ;  amongst  the  most  important  of 
these  are  the  movements  of  the  arms,  for  whilst  the  right  leg  is  swinging  for- 
wards, the  twisting  of  the  trunk  which  occurs  at  this  period  would  bring  the 
fright  shoulder  forwards,  but  the  right  arm  at  this  moment  swings  backwards 
and  the  lefl  forwards,  and  by  thus  generating  a  force  in  the  opposite  direc- 
tion neutralizes  this  tendency.  A  corresponding  compensation  takes  place 
when  the  lefl  leg  swings  forward,  and  this  is  effected  by  a  goo<l  walker  with- 
out any  sensible  lateral  twisting  of  the  trunk.^  The  whole  body  rises  and 
fidls  to  a  small  amount  (1}  inch)  in  walking,  etc.  The  trajectory  of  any 
6zed  point  of  the  Ixnly,  as  the  pubis,  may,  according  to  the  formula  of  M. 
Carlet,  be  inscribed  in  a  hollow  half  cylinder  with  its  concave  portion  up- 
wards, at  the  base  of  which  lie  the  minima,  and  on  the  sides  of  which  the 


*  Diichonne  (dp  Boulogne),  PhvHolojjjio  des  Mouvomenti*,  Paris,  18G7,  p.  380. 
■  See  Bishop  in  Cyclop,  of  Anit.  and  Phys.,  vol.  iii,  p.  4G0. 
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ma^tima  terminate  tangential  1>%  M.  Carlet,^  wlio  ba;^  lately  bestowed  much 
attention  on  the  tnovementi^  of  locomotion  in  nian^  divides  each  stPp  into  two 
part^ — one,  during^  whk-h  both  ieet  are  in  contact  with  the  groLin<l  (trmfi*fiu 
dtiubie  appui),  and  the  f>tber  when  the  body  is  supported  by  one  foot  alone 
{tmipf  ae  l%{ppui  uniMrraf),  A.  Period  of  Donhk  Contact. — 1,  At  the  be- 
ginning of  the  period  of  double  contact,  when  the  frntt  in  front  only  toncbci 
the  ground  with  the  beel,  the  posterior  leg  is  atretcbe*!,  and  re«ts  only  on  the 
extremities  of  the  metatarsal  bones  and  the  phalanges.  The  knee  of  t^e 
front  leg  k  extended  or  slightly  flexed.  The  bieotyloideati  axis  is  obliqti«, 
from  before  backwards,  and  from  above  downwards.  The  trunk  dei^cenda  «t 
the  ^ame  time  that  it??  hileral  and  forward  inclination  diniini^hej=i.  The  pubis 
is  twrncfl  towards  the  side  of  the  posterior  leg,  2.  In  tbe  middle  of  tbe  period 
of  double  contact,  tbn  t  is  to  i<ay  when  the  front  foot  hegii^s  to  touoh  the  ^^round 
alonj^  it^  whole  length,  the  p*->sterior  leg  only  touches  it  with  its  pbalangeA, 
The  knee  of  the  fore  leg  k  rather  more  bent.  Tlic  position  of  the  bicoty- 
loidean  axis  is  the  same  as  before.  The  trunk  has  gained  its  lowest  position. 
The  pubis  m  situated  above  the  axis  of  the  path  to  be  pursued.  3.  At  the 
end  of  the  period  of  double  contact,  that  is  when  the  posterior  leg  only 
touches  the  ground  hy  the  ends  of  its  phalanges,  the  front  leg  has  begun  to 
extend  tbe  knee-joinL  Tbe  bicotyloidean  line  is  obliqtie  as  before.  The 
trunk  begins  to  be  raised  at  the  same  time  that  it  inclines  forwards  and  to 
the  side.  The  pubis  is  directed  obliouely  t*o wards  the  side  of  the  front  le^, 
B.  Period  of  Sitigfe  or  Uftihferai  Ihntaet.—h  At  the  beginning  of  this 
period,  that  is  when  the  posterior  foot  is  about  to  quit  the  ground^  and  the 
front  foot  is  planted  flat,  the  supporting  leg  continues  to  open  or  extend  the 
knee-joinit,  whilst  the  opposite  one  begins  to  be  flexed.  The  bicotyloidean 
axis  is  oblique,  but  from  before  backwards  only,  being  otherwi.^e  hon/*mtalj 
the  trunk  begins  to  rise  at  the  mme  time  that  it  inclines  forwards  and  lo  the 
side.  The  pubis  is  directetl  obliquely  outwards,  towards  the  side  of  the  leg 
in  front.  2.  In  the  middle  of  the  period  of  unilateral  support,  that  \^  when 
the  heel  of  the  supporting  leg  quits  the  ground,  it  extends  the  artieulaiioii 
of  the  knee  to  the  utmost.  In  the  leg  that  is  suspended  in  the  air,  on  tbe 
contrary,  the  knee  is  flexed  to  its  maximum  amount.  The  bicotyloidean 
a  X  i  8  i  3  a  1  ways  ob  I  iq  u  e,  but  from  a  bo  v  e  d  o  w  n  wa  rd  s  on  I  y .  1 1  1 1  e^  i  u  a  vert  itml 
plane,  and  its  lower  extremity  corr^ponds  to  the  supjx#rting:  limb  ■  tbe  trunk 
has  reached  it^  greatest  elevation  and  at  tbe  same  time  its  inelinalion  for^ 
wards  and  to  the  side  is  at  its  maximum.  Tbe  pubis  is  at  its  maximum  of 
obliquity  as  regards  the  path  pursued  on  fhe  side  of  the  tiupp^^rtiug  Icf. 
3,  At  the  close  of  the  period  of  unilateral  support,  that  is,  when  the  sup- 
porting leg  toucha?  the  ground  only  by  its  metatarso-phalangeal  portion, 
and  the  free  leg  has  passed  tbe  middle  of  Ub  period  of  oscillation,  tbe  ankle- 
joint  of  the  supporting  leg  extends  or  opens  whilst  that  of  tlie  knee  remains 
at  its  maximum  of  extension.  The  McotyloidcBn  axis  becomes  again  oblique 
from  before  backwards,  and  from  above  'downwards ;  but  its  ohliouity  is  now 
in  the  opposite  direction,  and  tbe  limb  which  was  in  front  and  above  in  the 
periotl  of  double  contact,  is  now  bt:«bind  and  below.  Tbe  trunk  defends  at 
the  same  time  that  its  forward  and  lateral  inclination  diminishes.  The  pubii 
appmximates  the  axis  of  the  path.  If  the  length  of  tbe  steps  increases,  their 
duration  in  ^merai  diminishes,  whilst  the  falling  of  the  trunk  and  its  m- 
clination  always  augment.  The  number  of  steps  in  a  given  time,  or  \ht 
pace  of  walking,  is  partly  dejiendent  upon  the  length  of  the  legs,  mnd 


*  Cartoi,  Es!<fli8  eip^riiiiKiitnb  tur  la  Loc'onKTtiriu,  fti  the  Annnles  det  BqL  Nit, 
1872.     Tho  peHder  nti  iMf  to  Miir'^y's  Anitnal  Meehnaiiio,  yoL  xi,  of  \h$ 

lnt*?r!iation«l  Scieatih  .  uml  to  PetUgFew's  AaiiD&l  Locuuiolion,  toI,  fit,  of 

tile  amne  terlea. 
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partly  upoo  direct  muscular  efTort:  the  longer  the  leg,  the  slower  will  be  the 
oscillation  ;  but  by  planting  the  foot  on  the  ground  when  it  has  only  passed 
through  one-half  of  its  natural  oscillation,  the  succession  of  steps,  and  con- 
Bequently  the  rapidity  of  progress,  can  be  materially  increased,  without  much 
effort.  In  very  quick  walking  almost  every  muscle  in  the  body  is  brought 
into  play ;  the  trunk  is  considerably  inclined  forwards,  partly  for  the  purpose 
of  resisting  and  compensating  for  atmospheric  pressure,  but  chiefly  to  enable 
the  hip-joints  to  be  carried  low,  thus  increasing  the  extent  of  ground  which 
can  be  covered  by  each  step,  whilst  at  the  same  time  the  number  of  ste^w  is 
greatly  increased  by  muscular  effort ;  the  period  during  which  both  feet  are 
resting  on  the  ground  together  being  con<tiderably  shortened.  In  an  experi- 
ment made  by  Mr.  Vasey,  the  length  of  whose  leg  was  thirty-four  inches,  in 
walking  at  the  rate  of  four  miles  an  hour,  2000  steps  were  made  every  fifteen 
minutes ;  the  length  of  each  step  must  therefore  have  been  2.64  feet,  and  the 
time  of  each  step  0.45  second.  M.  Carlet  has  shown  that  the  muscular  effort 
in  walking,  as  indicated  by  the  backward  push,  supposing  the  weight  of  the 
individual  to  be  about  150  pounds,  does  not  surpass  45  pounds  additional, 
though  it  is  much  greater  in  leaping  and  running. — Quick  walking  passes 
bj  insensible  gradations  into  rxinning^  the  period  in  which  the  body  rests 
upon  both  feet  becoming  shorter  and  shorter,  until  at  length  there  is  a 
period  between  successive  steps,  during  which  the  body  moves  forward  un- 
supported by  either  foot.  According  to  Weber,  the  vertical  undulations  of 
the  trunk  in  running  vary  from  |ths  to  iths  of  an  inch,  the  duration  of  the 
step  from  ^th  to  |th  of  a  second,  of  which  time  the  body  swings  unsupported 
in  the  air  j'^th  of  a  second,  the  time  of  descent  being  j^th  of  a  second. — In 
hoping^  the  extensor  muscles  are  brought  into  extremely  vigorous  action, 
ana  the  act  may  be  accomplished  either  by  the  alternative  or  the  simul- 
taneous action  of  the  legs,  as  seen  in  the  "hop,  step,  and  jump''  of  children. 
The  essential  difference  in  leaping  and  running  is,  that  in  leaping  the  body 
is  raised  so  high  from  the  ground,  and  for  so  long  a  period,  that  the  leg  or 
leg?  have  time  to  complete  their  full  arc  of  ascillation,  and  conxe<[Uontly 
cover  the  utmost  space  of  ground  possible.  The  extent  of  the  leap  is  of 
course  dependent  upon  the  muscular  energy  of  the  individual.^ 

682.  ]Now  it  is  plain  that  the  grouping  of  the  muscular  movements  in 
thefle  different  instances  arises  out  of  \tsfeft  conformity  to  the  end  in  view, 
and  that  it  is  regulated  by  the  guiding  sensati(ms  which  indicate  to  us  the 
progression  and  balance  of  the  bo<ly.  The  infant,  in  learning  to  walk,  is 
prompted  by  an  instinctive  tendency  to  put  one  foot  before  the  other,  as 
may  be  noticed  at  a  very  early  period,  when  it  is  first  held  so  as  to  feel  the 
ground  with  its  feet ;  and  in  attempting  to  balance  itself  when  first  lefl  to 
Btaud*alone,  it  moves  its  arms  with  a  like  intuitive  impulse,  not  based  upon 
experience.  All  that  exi>erience  does,  in  either  case,  is  to  give  that  precise 
adjustment  to  the  muscular  action,  which  makes  it  perfectly  conformable  to 
the  indicatifms  afforded  by  the  muscular  sensations.  Thus,  if  we  advance 
each  arm  with  its  corresponding  log,  we  feel  that  the  balance  of  the  body 
is  not  nearly  as  readily  maintained,  as  it  is  when  we  advance  the  arm  with 
the  leg  of  {he  opposite  side;  and  thus,  without  any  design  or  v)luntary  de- 
termination on  our  parts,  the  former  comes  to  be  our  settled  habit  of  action. 
This  kind  of  adjustment,  in  the  case  before  us,  is  by  no  means  limited  to  the 
muscles  of  the  limbs;  for  there  is  scarcely  any  muscle  of  the  trunk  or  bead, 
that  is  not  exerted  with  some  degree  of  consentaneous  energy,  however  uu- 


*  The  subject  of  the  locomotion  of  Man  hft8  been  pRrticiibirly  invostijjatiHl  by  the 
Prof*.  W*-b«»r,  whoso  work  entitlod  Morhiinik  der  ni«.»n*chlic'h.  G«*hw<*rkzoui;o  (Got- 
tingpn,  1836)  hns  been  translat<'d  in  Jourdan's  Flncyclopeilie  Anatomiquo,  toin.  ii. 
S«e  mUo  the  Art.  Motion,  by  Mr.  J.  Bishop,  in  Cyclop,  of  Anat.  and  Fhyaiol.,  vol.  iii. 
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eoosciously  to  ourselves,  in  the  act  of  walking*  The  difficulty  wliich  woviW 
atl^end  the  voluntary  Harmon izatiou  nf  all  thea?e  ^parat«  actioo?',  is  remark- 
ably evinced  by  the  fact,  that  no  mechanbt»  however  ingenlou?*,  has  ever 
succeeded  in  constructitig  an  automaton  that  should  toalk  like  JIan;  Uie 
alternate  shifting  of  the  centre  of  gruvltv  from  one  side  to  the  other,  upcm 
so  sniall  a  bage  as  the  human  foot  afforJa,  i^imulianeously  with  the  toove^ 
ment  in  advuncc^  couatitutiug  the  great  difficultyof  bii)ed  prngressioo.  Bttl 
all  this  adjustment  is  effected  in  our  own  organism /f>r  Ui^,  rather  than  %  m; 
the  act  of  hannoniiation,  when  ont^  tully  masteredj  being  attended  with  no 
effort  to  oureelvea;  but  the  whole  ^^eries  of  complex  movement.^  being  per^ 
formed  in  obedience  to  the  simple  determination  to  ?Wit,  under  the  aiito- 
malic  guidance  of  the  sense^j  which  instantly  reveal  to  us  any  impc.*rfectioa 
in  the  perfrn-mance. — ^The  same  view  extendi!  it^lf  readily  to  other  corabi- 
nations  of  dissimilar  and  u  on -symmetrical  movements,  which  are  \em  natumi 
to  Man,  but  which  may  be  readily  acquired  arttJicuiUtj  l^  i\iGy  all  harnioism 
in  a  common  purpose,  and  are  under  the  guidance  of  the  same  act  of  ^oair 
tions.  Thus^  the  performer  on  the  Organ  uses  the  seveoil  fingers  fif  hh  two 
hands  to  execute  as  many  different  movements  (in  very  different  pi>y!lion«, 
it  may  be)  on  the  "manual "  keyfi:  one  of  his  feet  may  be  on  the  **^well  *' 
ptilalj  and  the  other  may  be  engagetl  in  playing  on  the  "  pe*lal  "  keys;  but 
all  these  diverse  actions  are  harmonized  by  their  relation  to  the  ^^me  set  of 
auditory  sensations;  and  if  the  result  be  not  that  which  the  performer  aa- 
ticipated,  an  immediate  correction  is  made,— The  preferential  use  of  the 
right  arm  and  leg  is  wot  easily  espiieable.  Dr.  Pye  Smith*  refers  it  to  the 
priuciplc  of  the  '*  survival  of  the  fittest,"  contending  that  in  warfare  thoee 
who  advance  t!ie  right  side  would  in  the  long  run  be  exfKJsed  to  le=;«  risk  of 
fatal  wound.s.  Dn  Ogle/  however,  points  out  that  the  right  extreniitics  Are 
used  preferentially  by  other  animals,  as  the  monkey  and  parrot,  and  refi&^ 
it  to  the  fiiet  that  the  letl  hemisphere  receives  a  freer  sufrply  of  blood  tUaa 
the  right.  It  may  to  some  extent  proceed  from  imitation,  and  lo  iNnne  ex- 
tent algio  be  the  result  of  education. 

(j83.  It  wonld  be  ea^^y  to  multiply  instances  of  the  same  kind,  all  illi»- 
trative  of  the  general  principle,  that  the  facility  with  which  we  vuluntarilf 
combine  different  jnove men ts  is  chiefly  determined,  not  by  tbtir  tt^rumtiri/yil 
chamcter^  but  by  their  confortnatlffie^  to  a  <^mmon  end,  and  hy  the  AfjriuwHy 
of  (heir  ptiidht^  sematiotm  with  reference  to  that  endj*  but  it  will  be  ilcs-ir* 
able  lo  dwell  particularly  on  the  MovemaiU  of  ike  Ktfe,  a^  prcf^enting  rertaia 
points  of  peculiar  interest,  some  of  which  have  an  important  bearing  i>a 
Surgical  practice. — It  will  he  recollecled  that  in  the  Human  Orbit, six  laitoh 
€le§  for  the  movements  of  the  eyeball  are  found ;  the  four  Kectt,  and  ihe 


»  Guy '3  Hfwp.  Hop,,  1871. 

'  Rfp*  of  31ed.-ChiP.  Sttc,  LHU^rcl,  IfiTl,  p*449.  Boe  nh*\^  f*»r  ?o«tti?rfl/i  Not««  *in4 
Ohaorvjiilons  un  tin*  Biibjfcl.  Latit'cl,  1P70,  vH.  i,  pp.  625,^57,  560;  t87t,  k*A  i.  b* 
4&5;  vol.n,pp.  40  and  111  \  Buchnmoi, Thmrj' of  iht*  Eight  Uund,  Edinburgh  M»i. 
J*>upn.,  1863,  nnd  ?»itiplik't,  OlAJ^i^im,  18fi2. 

'  Twn  simple  r^xiiniplf^s,  hawi*vt*rj  miiy  bo  clted^  f*f  Ihf*  diffivulty  wbioh  ntl'^ricls  thf 
simiilunpiiu*  pprfMFniHiice  of  mtivf^monts  Ihnt  «re  not  hurmoniou**  If  we  ulli*[ti|4l"t 
<*lfVttti?  ontj  t'jt'lid  wlnl^tt  we  are  dcpri^s^ifi^  the  olb^f,  wv  And  Ihnt  »  roii-tidi'mbJ^ 
^(Tnrl  JB  rf^quired  tf^^ccornpUsh  the  action^  iilthouch  tho  ol**Vfiti*Mi  ot  d*'pn'^siii^«f 
both  tivt^lidsi  togpihor  U  pprlVirmed  with  so  little  ctTort  that  wo  &rf  *ci*reelv  ei>f*i»cUiiit 
of  il  I'nnd  tbf  difficuHy  is  incn^nfed  if  wo  hiilf  sbia  both  (.tyt^*,  Hhd  Ih^.^n  try  ta  cJ<»M 
on  13  hrvd  t*»  opm  ibn  other.  So  if  wia  try  to  move  otip  two  hiLtid»  ns  if  Ih^y  w<*tg  jthmtt* 
ffiitroHf^tt/  wmding  cord  in  appoJiiU  iiutriumx  \\\Hi\\  two  n*eU  p)«ood  in  front  of  \\»t  w» 
ahulJ  And  our^dves  unntile  U>  do  ^o  without  a  consttinl  exercise  of  Ibe  Mti*'ntion,  atA 
even  thi^n  but  slowly  And  wjtb  difHoultj  ;  rdtbou^rh  the  V(?ry  Htino  movcmnritJ^  fii»y  bt 
Mfiaratel^  fKir formed;  or  bulb  barid^  nttiy  be  niada  ihui  to  movij  iti  the  mnu  d*rtciiamt 
with  the  greal^t  facility,  "^ 
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two  Oblique  muscles.  The  precise  actions  of  these  are  not  easily  established 
by  experimeDt  on  the  lower  aDimals;  for  in  all  those  which  ordiDarily  main- 
tain tlie  horizontal  position,  there  is  an  additional  muscle,  termed  the  re- 
trafiar,  which  embraces  the  whole  posterior  portion  of  the  globe,  and  passes 
tiackwards  to  be  attached  to  the  bottom  of  the  orbit.^  If  the  origin  and 
insertion  of  the  four  Recti  muscles  be  examined,  however,  no  doubt  can  re- 
main that  each  of  them,  acting  singly,  is  capable  of  causing  the  globe  to 
revolve  in  its  own  direction, — the  superior  rectus  causing  it  to  roll  towards 
the  nose, — and  so  on.  A  very  easy  and  direct  application  of  the  laws  of 
mechanics  will  further  make  it  evident  to  us,  that  the  combined  action  of 
any  two  of  the  Recti  muscles  must  cause  the  pupil  to  turn  in  a  direction 
intermediate  between  the  lines  of  their  single  action ;  and  that  any  inter- 
mediate position  may  thus  be  given  to  the  eyeball  by  these  muscles  alone. 
In  two  directions,  however,  their  combined  action  is  supplemented  by  the 
oblique  muscles.  The  superior  obliaue  rotates  the  eye  downwards  and  out- 
wards; the  inferior  oblique  upwaras  and  outwards.  Another  important 
operation  of  the  oblique  inusc*les  is  to  maintain  the  parallelism  of  the  verti- 
cal meridians  of  the  two  eyes  in  certain  movements,  for  it  is  found  that 
whilst  the  external  and  internal  recti  merely  turn  the  eyes  outwards  and 
inwards,  without  deflecting  the  vertical  meridian,  the  superior  and  inferior 
recti,  in  c<msequence  of  the  obliquity  of  their  muscle  planes,  not  only  rotate 
the  eye  respectively  upwards  and  downwards,  but  deflect  the  upper  extrem- 
ity of  the  vertical  meridian,  the  former  inwards,  the  latter  outwards.  But 
the  oblique  muscles  also  deflect  the  vertical  meridian,  the  superior  turning 
the  upper  extremity  of  the  vertical  meridian  inwards,  the  inferior  out- 
wards, aud  therefore  by  co-operating  with  the  recti,  are  able  to  preserve  the 
pirallelism  of  the  vertical  meridians  of  the  two  eyes,  as  shown  in  the  follow- 
ug  table: 

Movement  In  effected  by  the 

Upwards, Riiporior  rectus,  aidod  by  the  inferior  oblique. 

Downward?, Inferior  rectus,  aided  by- the  superior  oblique. 

Inwards,     ....;.     Internal  reetus. 

Outwards, Externul  rectus. 

Upwards  and  inwards,  .  {  ^"o^^M  "uV""^  internal  recti  muscles^ aided  by  the  inferior 
Upwards  and  outwards,    .  |  ^"^^H ''ue''"'^  eacternal  recti  muscles,  aided  by  the  inferior 

Downwards  and  inwards,  \  ^"*\7"'  """^  '"^''"*'^  '*"'**'  ™"'''^''''  '''^''^  ^^'  ^^"^  '"P'^"""" 
'    (      oblique. 

Downwards  and  outwards,   Inferior  and  external  recti,  aided  by  the  superior  oblique. 

684.  On  studying  the  Voluntary'  movements  of  the  Eyeballs,  we  are  led 
to  jierceive  that  they  are  not  so  much  symmetrical  as  harmonious — that  is  to 
«ay,  the  corresponding  muscles  on  the  two  sides  are  rarely  in  action  at  once; 
whilst  such  a  harmony  or  consent  exists  between  the  actions  of  the  mus^eles 
of  the  two  orbits,  that  they  work  to  one  common  purpose,  namely,  the  direc- 
tion of  both  eyes  towards  the  required  object.  They  may  be  arranged  under 
two  gmups ;  the  first  comprising  those  which  are  alike  harmonious  and  sym- 
metrical ;  the  second  including  those  which  are  harmonious  but  not  symmet- 
rical. To  the/r«^  group  belong  the  following:  1.  Both  eyeballs  are  elevated 
by  the  contraction  of  the  two  Superior  Recti. — 2.  Both  eyeballs  are  depressed 
by  the  conjoint  action  of  the  Inferior  Recti  muscle:*. — 3.  Both  are  drawn 
directly  imcardSf  or  inv^ards  and  dotcnwards,  as  when  we  look  at  an  object 

{ilaced  on  or  near  the  nose :  this  movement  is  effected  by  the  action  of  the 
nternal  Recti  of  the  two  sides,  with  or  without  the  Inferior  Recti.     It  is 


>  Sec  Alfred  v.  Grufo,  Klinische  Analyse  der  Motilitats-storungen  des  Augcs,  and 
T.  Grate's  Archiv  f.  Ophthalmologic,  Bd*.  i-iii. 
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evidently  symmetricalj  but  might  seem  at  first  sight  oot  to  be  harmanioiis, 
bfcausethe  eyes  do  not  move  together  towards  ooe  side  or  the  other;  h  k, 
hovveverj  reaUy  harmonious,  since  it  directs  their  axes  towards  the  same 
point.' — Now  it  i^  to  be  observed,  with  regard  to  these  movements^  that  wc 
can  never  effect  them  in  antagonism  with  eaeh  other,  or  with  those  of  other 
muscles.  We  cannot,  for  example^  raise  one  eye  and  depress  the  other;  nor 
can  we  raise  or  depress  one  eye,  when  we  adduct  or  abduct  the  other.  The 
explanation  of  this  will  be  found  in  the  fact,  that  we  can  never,  by  so  doing:, 
direct  the  eyes  to  the  same  point. — The  harmonious  but  on  symmetrical  move- 
ments, forming  the  second  c!ass,  are  those  in  which  the  Internal  and  Exter- 
nal Recti  tif  the  two  sides  are  made  to  act  together,  either  alone  or  in  e^iii- 
junetion  with  the  Buperior  and  Inferior  Recti  They  are  as  follows  :  4.  One 
eye  is  made  to  revolve  directly  imimrd.^  by  the  action  of  its  Internal  Recta*, 
whilst  the  othrr  is  turned  mita^ird^  by  the  action  of  its  External  Reetua.-^. 
One  eye  is  made  to  revolve  up  war  (h  and  irnvtinin,  by  the  conjoint  action  of 
the  Superior  and  Internal  Recti ;  the  other  npunrdsmn]  o^thmnht  by  tlie  con- 
joint action  of  the  Superior  and  External  Recti. —  B.  One  eye  is  made  to  re- 
volve donmuftivd^  and  inuHtrdji,  by  the  conjoint  action  of  the  Inferior  and 
Internal  Recti ;  (h'  other  damnmrds  and  outmirdst  by  the  conjoint  action  of 
the  Inferior  and  External  Recti* — In  these  movements,  tu*o  diffcrt-nt  muscles, 
the  External  and  Internal  Recti,  are  called  into  actiim  on  the  two  sides, 
with  or  without  the  Superior  and  Inferior  Recti;  but  they  are  so  employed 
for  the  purpose  of  directing  the  axes  of  the  eyes  towards  the  mmr  point; 
and  although,  as  just  noticed,  we  can  put  the  two  Internal  Kocti  in  aetioo 
together,  we  cannot  volnntarily  cause  the  two  External  Recti  to  cuti tract 
together,  it  not  being  possible  that  any  object  should  he  in  such  a  po-^iiitin 
as  to  rei]uire  this  action  for  the  direction  of  the  axes  of  the  eyes  towards  it, 
685,  The  greater  number  of  the  foregoing  movements  may  be  (>ertormeii 
unconseious^ly  to  ourselves,  in  obt^ience  to  a  Voluntary  deteniiiuatiuu  to 
keep  the  direction  of  the  eyes  fixed,  instead  of  to  give  motion  to  the  eyelwilk 
Thus,  if  WT  ga^e  steadily  at  an  object  in  front  of  us,  ami  then  deprt^-?  the 
head  forwards  on  its  transverse  axis,  the  eyeballs  roll  ujjwanls  UjKin  their 
transverse  axes  (1)  by  the  action  of  the  Superior  Recti,  wjihtmt  our  lit*ing 
aware  of  it;  so  if,  J^'hilst  still  maintaining  the  same  fixed  gaze,  we  rais**  the 
head  into  the  verttca!  p<-»sition  and  then  depress  it  backwards,  the  evebalb 
are  rolle^l  downwards  {2}  by  the  action  of  the  Inferior  Recti;  if,  nniler  the 
same  eouditions,  the  head  be  made  to  rotate  on  its  vertical  axis  from  side  la 
side,  the  eyphalls  will  l>e  made  to  roll  on  their  vertical  axfs  in  the  contmrr 
directiims  by  the  Externul  and  Internal  Recti  (4)  of  the  two  sides  res^jpet- 
ively  1  so,  hy  causing  the  head  to  move  obliquely  in  the  opposite  directJoli^ 
the  reverse  oblique  movements  (5  and  6)  of  the  eyeballs  are  mado  tn  tukt 
place  by  the  cnntiimed  fixation  of  the  vision  upon  the  same  ohJecL  To  these 
we  have  to  add  one  more  act  ion  j  which  cannot  be  called  forth  in  any  other 
mode — namely  I  that  rotation  of  the  two  eyes  upon  their  anten>-|K*eteriof 
axes,  which  takes  place  probably  by  the  instrumentality  of  the  Oblique  mus- 
cles, when  we  incline  the  head  to  one  side  ar  the  other  by  rotating  it  upon 
its  aotero-jwsterior  axis.     In  all  these  movements,  as  in  the  preceding,  the 


«  Some  prflons  citn  eftWt  this  vokintHriiy  to  ngrc^nter  extent  thun  other* ;  Imt  •»*«» 
then,  thpy  enn  itoly  ftoconiplijjh  it  by  flxin't^  the  ^aze  upm  fume  i^bjivt  ftitii«it««d  b^ 
twten  t\m  fvp*  ;  »ind  cannut  cmI)  the  ntlductrir  mu«eli»ii  inV*  conibiTied  neUfvn  itt  p^rfecl 
dttrkiH*a?t,  or  if  Ibt?  fids  be  closed.  Even  ibo*e  who  h*vo  Ito?  lr»si  t>awi-r  of  <?lfi*ciing 
ibift  eictn^nif;  Lmnvfrcfpnoe  by  Htofice  diroGtin^  the  eyt^  Inwurd?  a  very  i>fiirolg«^l,  cun 
iieeonijili^h  it  by  bxiking  at  an  ohjtH^t  ptrtci*d  At  n  rrKHJrmte  cflslwm  <%  niiU  grnduiliy 
briTi^Hni;  this  rit*iirt*r  t^j  the  n<>»e,  keeping'  the  eye*  Kle*idily  fixed  ujMtn  it,  "  Th«  «ft- 
wouled  cburMCter  i>f  thti  muvoment  is  ghuwn  in  tnU, — thnt  Uenn  nfity  bis  rtiHiiit»ifitNl, 
even  for  a  shun  time,  by  a  strong  effort,  producing  ti  lenso  of  fittigue- 
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Will  directs  the  result;  and  there  is  do  other  difTerence  betweeu  them  than 
that  which  arises  out  of  our  consciousness  of  a  change  in  the  one  rase,  and 
our  unconeciousDess  in  the  other.  It  may  here  he  remarked  that  Professor 
Helraholtz'  has  recently  adopted  the  same  view  as  that  just  expressed  in 
regard  to  the  nature  of  the  volitional  direction  and  the  influence  of  tne  guiding 
sensations;  in  corroboration  of  which  he  further  mentions  the  important  fact 
ascertained  by  Donders  and  himself,  that  by  the  use  of  a  prism  before  one  eye, 
both  eyes  may  be  made  to  move  outwards,  or  one  up  and  the  other  down, — still 
under  the  same  fundamental  law. — The  truly  involuntary  movements  of  the 
eyeballs,  however,  are  performed  under  very  different  conditions;  there  being 
here  no  purposive  direction  or  fixation  of  the  gaze;  and  the  muscular  contrac- 
tions not  being  determined  by  visual  sensations,  but  being  called  forth  by  nerve 
force  excited  in  some  remote  part.  Of  this  we  have  an  example  in  the  normal 
revolution  of  both  eyes  upwards  and  inwards,  which  tuke^  place  in  the  actj)  of 
coughing,  sneezing,  winking,  etc.;  but  far  more  remarkable  illustrations  arc 
presented  in  those  abnormal  movcmenUs  of  the  eyeballs,  occurring  in  Convul- 
rive  diseases,  in  which  there  is  neither  harmony  nor  symmetry. 

686.  It  has  been  stated  to  be  a  condition  of  single  and  distinct  vision,  that 
the  UBtuil  axes  of  the  eyes  should  be  directed  towards  the  object,  in  order 
that  its  picture  should  be  thrown  upon  the  parts  of  the  two  retime  which  are 
Q/ocuMomed  to  act  together  (§  621);  but  as  this  cannot  take  place  without  the 

Kidance  of  visual  sensations,  the  movements  of  the  eyebiills  are  wanting  in 
nnony  whenever  the  visual  power  has  been  deficient  from  birth.  This  is 
mudt  remarkably  the  case,  where  the  deficiency  has  been  so  complete  that 
not  even  light  can  be  distinguished ;  but  the  movements  are  frequently  very 
&r  from  being  harmonious,  in  cases  of  congenital  cataract,  where  a  consid- 
erable amount  of  light  is  evidently  admitted,  but  where  no  distinct  image 
can  be  formed ;  and  in  such  cases,  the  movements  are  most  harmonious  w4iere 
the  object  is  bright  or  luminous,  and  more  vivid  impressions  are  therefore 
made  upon  the  retinse.  It  is  no  objection  to  this  doctrine  to  say,  that  |)ersons 
who  have  become  blind  may  still  move  their  eyes  in  a  harmonious  manner; 
since  the  habit  of  the  association  of  particular  movements  having  been  once 
acquired,  the  guidance  of  the  muscles  may  be  effected  by  sensations  derived 
firom  themselves,  in  the  manner  in  which  it  takes  place  in  the  laryngeal 
movements  of  the  deaf  and  dumb  (§  537);  and,  as  a  matter  of  fact,  a  want 
of  consent  may  often  be  observed  where  the  blindness  is  total.  The  peculiar 
"vacant"  appearance,  which  may  be  noticed  in  the  countenances  of  persons 
eompletely  aeprived  of  sight  by  amaurotic  or  other  affections,  which  do  not 
alter  the  external  aspect  of  the  eyes,  seems  to  result  from  this, — that  their 
axes  are  parallel,  as  if  the  individual  were  looking  into  distant  space,  instead 
of  presenting  that  slight  convergence  which  must  always  exist  betweeu  them, 
when  the  eyes  are  fixed  upon  a  definite  object.  This  convergence,  which  is 
of  course  regulated  by  the  Internal  Recti,  varies  in  degree  according  to  the 
distance  of  tlie  object;  and  it  is  astonishing  how  minute  an  alteration  in  the 
axes  of  the  eyes  becomes  perceptible  to  a  person  observing  them.  For  in- 
stance, A  sees  the  eyes  of  B  directed  towards  his  face,  but  he  perceives  that 
B  is  not  looking  at  him ;  he  knows  this  by  a  sort  of  intuitive  interpretation  of 
the  fact,  that  his  face  is  not  the  point  of  convergence  of  B*s  eyes.  But  if  B, 
who  might  have  been  previously  looking  at  something  nearer  or  more  remote 
than  A  s  face,  fix  his  gaze  upon  the  latter,  so  that  the  degree  of  the  converg- 
ence of  the  axes  is  altered,  without  the  general  direction  of  the  eyes  being  in 
the  least  affected,  the  change  is  at  once  ))erceived  by  the  person  so  regarded ; 

>  In  his  Cruonian  Lecturo,  Proceedings  of  the  Koyal  Society,  April  14th,  1864, 
p.  198. 
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aoil  the  f.y€s  of  the  two  then  ^tnttt. — It  is  an  interestiog  coDfirmatioii  <jf  ib@ 
priociples  here  advocated,  that  when  biEii>cular  vUloo  eannot  be  obtaiiie«i  bj 
di recti ug  the  true  axes  of  the  eyes  towards  the  object,  as  happens  wbuu  an 
opaque  spot  e>:bts  upoo  the  cealre  of  the  cornea,  or  an  artificial  pupil  baa 
been  formed  at  the  margin  of  the  Iris,  there  is  a  a  automatic  tendency  to  ihe 
nentralimtion  of  the  mi&ehief,  by  such  an  action  of  the  muscles  as  f^hull  turn 
the  virtual  axis  of  the  affected  eye  (that  b,  the  axis  in  which  the  rays  iinjftt 
directly  enter  the  glotjc)  towards  the  object,  thus  producing  Birabtsmus,  but 
not  Double  Vision. 


3.  Energy  and  Rapidity  of  Muscttiar  Coiiira4iion^ 

6S7.  The  energy  of  Muscular  contractiou  is  of  course  to  be  most  rcmark- 
ahly  observed,  iu  those  instances  in  which  the  continual  exercise  of  purticular 
parus  has  occasioned  an  increased  determiuation  of  blood  towards  them,  and 
in  consei^uence  a  permanent  increase  uf  their  bulk  (§  334,  in),  Tbii  h*a 
been  the  ciise,  for  example,  with  persons  who  have  gained  their  livelihood  by 
exhibiting  le«t5  of  strength.  Much  will,  of  course,  depend  on  the  mechan- 
ically advantageous  appiication  of  muscular  powers  and  in  this  manner 
effects  miiv  be  prmluced,  even  by  persons  of  ordinary  strength,  which  would 
not  have  been  thought  credible.  In  lifting  a  heavy  weight  in  each  hand, 
for  example,  a  person  who  keeps  his  back  perfectly  rigid^  so  as  to  throw  the 
pressure  vertically  upon  the  pelvis,  and  only  uses  the  powerful  cxtenNjrs  of 
the  thigh  and  calf,  by  straightening  the  knees  (previously  somewhat  flexed), 
and  bringing  the  leg  to  a  right  angle  with  the  loot,  will  have  a  great  ad  van* 
toge  c)ver  one  who  uses  his  lumbar  muscles  for  the  purpose,  A  still  grtfater 
advantage  will  be  gained  by  throwing  the  weight  more  directly  upon  the 
loins,  by  means  of  a  sort  of  girdle,  shaped  so  as  to  rest  up^m  the  top  of  the 
saeruit!  and  the  ridges  of  the  ilia  j  and  by  pre«^ing  with  the  hand  upon  a 
frame  so  arranged  us  to  bring  the  muscles  of  the  arms  to  the  a^^istance  of 
those  of  the  legs :  iu  this  manner,  a  single  Man  of  ordinary  strength  miy 
raise  a  weight  of  2000  lbs. ;  whilst  few  who  are  unaccustomed  to  sucb  ese^ 
tions,  can  lill  more  than  300  lbs,  in  the  ordinary  mode.  A  man  of  great 
natural  strength,  however,  bus  been  known  to  lift  J!^00  lbs,  with  his  hatub; 
and  the  same  individual  performed  several  other  curious  feats  of  strettgtb, 
which  seem  deserving  of  being  here  noticed.  "1,  By  the  strength  of  hi^ 
fingers^  he  rolled  u|>  a  very  large  and  strong  pewter  dish*  2,  He  broke  several 
short  and  strong  pieces  of  tobacco-pipe  with  the  loree  of  his  middle-finger, 
having  laid  them  on  the  first  and  third  finger,  3.  Having  thrust  in  under 
bis  garter  the  bowl  of  a  strong  tobacco-pipe,  his  legs  beitig  bent,  he  bntke  it 
to  pieces  by  the  tendons  of  his  haum,  without  altering  the  bending  of  Lb« 
knee,  4.  He  broke  such  another  bowl  between  bis  firet  and  second"  fingvr*, 
by  pressing  them  together  sideways,  5.  He  lifted  a  table  six  feel  long,  which 
had  half  a  bund  red  weight  hanging  at  the  end  of  it,  with  his  teeth,  and  held 
it  in  that  position  for  a  considerable  time.  It  is  true,  the  feet  of  the  labb 
rested  again -^t  his  knees ;  but  as  the  length  of  the  table  was  much  greater 
than  its  height,  that  performance  required  a  great  strength  to  be  exerted  by 
the  muscleji  of  bis  loins,  neck,  and  jaws,  6.  He  took  an  iron  kiteheu  poker, 
abiut  a  yard  iongi  and  three  inches  in  circumference,  aud  holding  it  in  hb 
right  band,  he  struck  it  ou  his  bare  left  arm  between  the  elbow  aud  the  wrist, 
till  he  bent  the  poker  nearly  to  a  right  angle,  7.  He  took  such  another 
poker,  and,  holding  the  ends  of  it  iu  bis  bauds,  and  the  middle  of  it  against 
the  back  of  his  neck,  he  brought  both  ends  of  it  together  before  him  ;  and, 
what  was  yet  more  difficult,  he  pulled  it  straight  again****    Haller  mentioiid 


Weight  lifted  Id 
Gntmraes. 

...       6     1 
...     16 
...     26 
...     85 

X  by 
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an  instEDoe  of  a  man,  who  could  raise  a  weight  of  300  lbs.,  by  the  action  of 
the  elevator  muscles  of  his  jaw ;  and  that  of  a  slender  girl,  affected  with 
tetanic  spasms,  in  whom  the  extensor  muscles  of  the  bacK,  in  the  state  of 
tonic  contraction  or  opisthotonos,  resisted  a  weight  of  800  lbs.  laid  on  the 
abdomen  with  the  absurd  intention  of  straightening  the  body. 

688.  Absolute  Force  of  Muscle, — The  mechanical  power  exerted  by  muscle 
in  contraction  may  be  calculated  as  in  any  mechanical  machine  by  multi- 
plying^ the  weight  lifted  by  the  height  to  which  it  is  raised.  Weber  obtained 
the  following  values  for  the  muscle  of  a  frog : 

Mechanical  effect  la 
Grammilliiuetres. 

188 
876 
286 
1'20 

That  is  to  say,  that  138  grammillimetres  are  equal  to  5  grammes  raised 
27.6  mm.  or  to  27.6  grammes  raised  5  mm.  It  will  be  seen  from  the  table 
that  the  mechanical  effect  increases  to  a  certain  point  with  the  weighting, 
and  then  gradually  diminishes :  it  was  found  that  different  muscles  had  their 
maximum  at  different  weightings. — The  power  of  the  muscles  appears  to 
Tftry  in  different  animals,  being  greatest  in  proportion  to  their  size  in  In- 
aects.^  The  relation  of  the  muscles  of  the  same  animal  to  one  another  is 
Terj  simple,  the  weight  which  can  be  raised,  as  Professor  Haughton  ^  statas, 
being  pro]>ortional  to  the  area  of  the  cross  section  of  each  rou^^ole,  and  may 
even  be  estimated  by  the  cross  section  of  the  tendon  that  conveys  its  influ- 
ence to  a  distant  point;  whilst  it  is  obvious  that  a  given  weight  can  be  raised 
higher  in  proportion  to  the  length  of  the  muscle.  The  moi«t  natural  measure 
of  the  maximum  of  force  which  is  exerted  when  the  muscle  is  in  its  highest 
■tate  of  excitability  is  the  amount  of  work  it  can  accomplish  under  the  in- 
fluence of  the  strongest  stimulus.  But  this,  as  is  shown  above,  is  found  to 
▼ary  with  the  degree  of  weighting ;  and.  it  is,  therefore,  advantageous  to 
adopt  another  measure  to  which  the  term  "absolute  muscle-force"  may  be 
applied.'  This  is  represented  by  the  weight,  which  is  exactly  equivalent  to 
the  contractile  power  of  the  muscle  when  stimulated  to  its  utmost,  or,  in  other 
words,  which  the  muscle,  when  most  strongly  stimulated,  is  just  incapable  of 
niaing.  The  absolute  muscle-force  for  the  square  centimetre  of  the  muscles 
of  the  frog  was  estimated  by  Weber  at  692  grammes.  Rosenthal  *  gives  a 
higher  number  for  the  muscles  of  the  same  animal,  estimating  it  at  from 
2300  to  3000  grammes  per  square  centimetre  of  cross  section  for  the  adductor 
magnus  and  semi-membranosus,  and  from  1000  to  1200  grammes  for  the 

SiStrocnemius ;  whilst  for  the  square  centimetre  of  the  muscles  of  man 
enke  and  Knorz  have  estimated  it  at  from  6000  to  8000 grammes;  and 
Koeter*  at  about  10,000  grammes  per  square  centimetre  for  the  muscles  of 
the  leg,  and  7400  for  those  of  the  arm.  Haughton's  estimate*  agrees  very 
cloflely  with  those  of  Henke  and  Knorz,  since  he  considers  the  absolute 
muscle-force  of  the  muscles  of  the  human  arm  to  be  94.7  lbs.,  of  the  leg  to 
be  110.4  lbs.,  and  of  the  abdomen  to  be  107  lbs.  for  the  square  inch  of  sec- 
tional area,  which  reduced  to  French  measure'  would   amount  to  about 


*  S«*e  Platenii,  Revue  Suisse,  t.  xxv,  1866,  p.  87,  who  states  that  the  Donacia  nym- 
pbiea  can  oviTcome  h  re:*isiance  equal  to  42  tirneM  its  own  weight. 

«  Procpedinga  of  Royal  Society,  1867,  No.  94 

•  See  Hermann,  Grundriss  der  Phyi*iologie,  1807,  p.  288. 

*  Complex  Rendus,  torn.  Ixiv,  p.  1143.  *  Arcnief  Nederland,  Bd   ii,  No.  2. 

•  pHKri-eding^j  of  the  Royal  Society,  18C7,  No.  94. 

^  Taking  the  fiquare  inch  at  6.45  square  centimetres  and  the  pound  avoirdupois  at 
468  59  grammes. 
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7700  grammes  for  the  square  centimetre.     Mr.  H.  F.  Baxter*  finincl  fronn 
his  ex|>entiietits  that  1  graio  of  frog*9  mu&cle  is  od  the  average  cajmble  of  I 
mining  a  weight  of  608  grains  ih rough  a  space  of  j'jd  of  ao  itjeh»  ihtiugb  ' 
cutisiderable  diflTerences  exist  m  regard  to  sex,  age,  aud  general  condition  , 
of  the  anttnal.     Thus  he  luutid  ibat  whilst  1  graiu  of  the  muscle  *if  mate  I 
frogTs  eonld  raise  Q5G  grains,  1  grain  of  the  muscle  of  female  fmgs  could  tmly  [ 
raise  579  grains.     Agaiu,  iu    March  aud  April  1   grain  of  frog^s  muacjc  1 
raised  44-5  grains  ^^ii   of  an  inch   high,  in   June  and  July  608  grains?*' 
This  agrees  with  ihe  ohservatiou  of   Schmulcwiisch,'  that  within  certain  I 
limitsi  the  higher  the  temperature  of  muscle,  the  more  work  h  it  able  to 
perform  with  equal  weighting  and  stimulus.     Pick  *  finds  the  power  |>08- 
sess^d  by  1  grain  of  frog's  muscle  to  be  5000  niillimetre-grammc's  for  one 
single  contraetion.      Haughton^  estimates  that  one  ount*e  of   the  hiiman  ' 
heart  will  lift  !20.576  lbs*  through  a  height  of  one  foot  per  minute,  and 
thtit  1   lb,  av.  weight   of  human  muscle   is   capable  of   li fling  L5G   ton 
through  I  foot  before  it  is  exhausted-     Mr.  Baxter's  experiments  a Im»  »How 
the  interesting  circumstance  that  whilst  there  is  a  loss  of  weight  in  the 
animal  during   prolonged   muscular  contraction,  there   h  an    iucrease  of 
weight  ill  the  itidividual  muscles  experimented  on, — It  m  to  Iw  recollected, 
that  the  mechanical  appUcutiou  of  the  power  developed  by  muscular  eon- 
traction  to  the  movement  of  the  body,  h  very  commonly  disadvautageon^  as 
regards /or  re;  being  designed  to  cause  the  jmrt  moved  to  pass  o%^cr  a  much  j 
greater  space  than  that  through  which  the  muscle  contract.^.    Thus  the  Tero- ' 

fKiral  muscle  is  attached  to  the  lower  jaw,  at  about  one-third  of  the  distance 
>etween  the  condyle  and  the  incisors;  so  that  a  sbortening  of  the  muiicle  to 
the  amount  of  half  an  iueh,  will  draw  up  the  front  of  the  jaw  through  aa 
inch  and  a  half;  but  a  power  of  000  lbs.  applied  bv  the  muscle,  would  be 
required  to  raise  t^OO  lbs.  bearing  on  the  incisors.  In  the  case  of  ilic  fore- 
arm and  leg,  the  disproportii)n  is  much  greater;  the  points  of  att^iehmeiit  of  j 
the  mus^.'les  by  which  the  knee  and  elbow -join  Is  are  flexed  aud  exiifnde*l« 
he'mg  much  closer  lo  the  fulcrum,  in  compariMin  with  the  distance  of  the 
points  on  which  the  resistance  beatB*  Professor  Haughion  has  a  ho  sbimu 
that  there  is  a  lo&s  in  the  ftjree  applied  by  the  muscles  of  various  animals  ia  j 
consequence  of  the  friction  of  their  tendons^  which  amounts  in  man  to  35 
per  cent,  in  the  mastiff  to  41  per  cent,,  and  in  the  kangaroo  to  61  [icr  cent. 
It  may  be  instructive  to  append  here  the  estimates  made  by  different  ob-1 
gerveii  of  the  amount  of  work  that  a  man  weighing  about  150  llx<!,  can  wiili 
vigonms  exertion  accomplish  in  the  course  of  a  day  of  eight  hours.  Th# 
French  assume  m  a  work-unit  the  force  that  is  requisite  to  raise  1  kilo-l 
gramme  (^=2.2  lbs,)  1  metre  <=^  39.37  in/)  high  in  one  second  of  time : 

Aiuuimt  of  wittk 

Kind  of  labor.                                                                        lii  hxti  tout,  Aulbortlf . 

Ppdeslrirtn^i     *.*.-.♦•*     S53  Haiight*»a. 

Pi ie-d riving,  .        .        .        .        .        .        ,        .        -     31*2  Coidotiib. 

Pile-drivifijf,   .»♦.,...,     ^n2  Lniniintl^. 

Turning  a  winch, iS74  Coulnnibv 

P**rtcri»  carrying  good*  and  returning  unlfiAdtHJ,   ,        .    82o  *» 

Porters  ntwAva  l«Md^i    .,,..,.     803  " 

Piirterieiirr^ingwoiK]  upstair*  Jind  returning  unloAded,    S8I  »» 

pHviors  Ht  work,     ......*,    HB2  Hauf  fatoo. 

Prisoners  tit  shot-driU, aiO  ** 


'  On  Muftculwr  Powt^r.  in  tlie  Edin   Nf*w  PhiL  Journ.,  voh  iviti,  p,  IM* 

'  Archives  of  Medidne,  vol,  iv»  pp.  2&8  and  326. 

»  CcnirilbtftU,  imi^  No.  I>r  nad  Medidn,  Jiilirb.,  Bd.  i 

*  Vjnhow'n  J»hrr3(*b,  for  1867.  p.  80. 

*  Outline*  of  a  New  Theory  of  Muficukr  Action,  Dublin,  iBflS. 
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The  mean  of  these  estimates  is  340.2  ft.  tons,  or  762,048  ft.  pounds  = 
106,605  kil(M^rammetres,  which  closely  accords  with  the  estimate  of  Professor 
Donders.^  In  his  address  at  the  meeting  of  the  British  Association,  at  Ox- 
Ibrdy  Prbfessor  Haughton  estimated  the  daily  external  work  of  a  working 
man  at  353.76  foot  tons,  and  adds  133  foot  tons  for  the  work  recjuisite  to 
maintain  the  circulation  and  respiration.  Ranke'  gives  the  following  table 
from  Kedtenbacher : 

Tbe  amoDDt  of  work  accomplished  in  eight  houn  in  Kilogr.  in  eight  houni. 

1.  Man,  weighing  on  tho  averHge  70  kilog.,  working  without 

xnHchine, 816,800 

«*      with  a  lever  (Hebel), 168,400 

<'      with  a  windlasts  (Kurbel), 184,820 

"      with  a  whinpey  or  gin,     .         .                 ...  207,860 

"      with  a  treadwhecl, 241,920 

»*      with  an  inclined  plane,  24°, 846,600 

2  Horse,  weighing  on  the  average  280  kilog.,  working  with- 
out a  machine, 2,102,400 

"      with  a  gin, 1,162,000 

8.  Oz,     weighing  on  the  average  280  kilog.,  without  ma- 
chine,       1,882.400 

"      with  a  gin, 1,123,200 

4.  Mule,  weighing  on  the  avenige  280  kilog.,  without  ma- 
chine,      1,497,600 

"      with  gin, 777,600 

6.  Am,   weighing  on  the  average  168  kilog.,  without  ma- 
chine,       864,000 

"      with  gin, 816,800 

Reducing  these  results  to  a  general  measure  for  a  given  weight,  Ranke 
estimates  that — 

1  kilog.  of  human  muscle  works  in  1  sec,  without  machine,  0.157  kilog. 
II  ox  it  <i  II  0.172    ** 

•*  ass  "  *'  *'  0.178     " 

"  mule  "  "  "  0.222     " 

"  horse  *»  "  »•  0  261     •• 

He  calculates  eight  hours'  walking  to  be  equivalent  to  200,000  kilogr. 

689.  Sources  of  ifusctdar  Force. — Muscle  has  be^n  defined  by  an  able 
chemist  to  be  a  machine  by  which  heat  is  converted  into  mechanical  force; 
and  the  results  of  numerous  recent  researches  tend  to  show  that  the  source 
of  the  primary  heat  is  to  be  looked  for  in  the  oxidation  of  both  the  nitro- 
genous and  of  the  non -nitrogenous  constituents  of  the  blood  ;  the  combina- 
tion taking  place  partly  and  principally  within  the  bloodvessels  (Heaton), 
but  partly  also  in  those  portions  of  the  blood  which,  escaping  from  the  ves- 
sels, supply  the  tissue  with  the  materials  requisite  for  it»  nutrition.  That 
nitrogenous  substances  are  oxidized  during  muscular  exertion  is  sufficieutly 
proved  by  the  necessity  that  exists  for  their  free  supply  in  groups  of  men, 
me  navvies,  prizefighters,  etc.,  who  have  to  maintain  severe  and  protracted 
exertion,  as  well  as  by  the  fact  ascertained  by  Parkes  (§  411)  and  Flint 
(§  411),  that  a  slight  increase  in  the  amount  of  the  products  of  the  disinte- 
gration of  the  nitrogenous  constituents  of  the  body  does  take  place  during 
exercise,  whether  the  diet  have  contained  a  regulated  amount  of  nitrogen, 
or  has  been  wholly  restricted  to  non-nitrogenous  substances.  That  the  force 
daily  exerted  by  the  muscles  of  a  laboring  man  is,  however,  not  exclusively 


1  See  Dr.  Moor's  translation  of  his  jmpor  in  Humphry  and  Turner's  Journal  of 
Anatomy,  vol.  i,  1867,  p.  168. 
«  Grundziige  der  Physiologic,  1808. 
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derived  from  the  combustion  of  the  nitrogenous  eon^titueuts  of  hh  xnuscleE 
or  of  his  bliHx],  is  proved  by  the  d re uni stance  that  the  elinjiaatiou  of  area, 
which  may  be  regirded  as  the  final  product  In  the  animal  body  of  the  de- 
composition of  the  albuminoid  ctjmponndf?,  m  by  no  means  proportional  to 
the  amount  of  force  expended  ;  and  secondly,  by  the  fact  that  even  allowing 
a  large  margin  for  errors  of  cait-uhilion  antl  ex|>erimentT  the  abgolule  quan- 
tity of  nitrogen  cliniinated  by  the  b^Kly  represents  an  amount  of  albuminmis 
material  the  condmstiou  of  which  is  insurficient  to  account  for  the  muscular 
force  that  m  generated  with  even  moderate  exertion.  That  the  oxt<laUi»n  of 
the  non-nitrogenous  materials  of  the  blood  occurs  during  work,  to  furnish 
the  heat  which  the  muscles  transform  into  mechanical  force,  is  shown  firsts 
by  the  greatly  increased  amount  of  carbonic  acid  contained  in  the  venou* 
bloi)d  of  a  oontracting  muscle,  as  compared  with  a  muscle  at  rest  (Sczelkow, 
§  11*4);  secondly,  by  the  increased  elimination  of  carbonic  acid  and  water 
that  occurs  during  exercise  (E.  Sndth,  §  *^llj ;  thirdly,  by  the  fact  that  in 
Bome  animals,  as^  in  bc^es  ( VerloreuJ^  as  welt  m  in  man  (Pick,  Parkes)  a 
considerable  amount  of  exertion  can  be  teniporarily  undertaken  on  a  diet 
containing  little  or  no  nitrogen,  as  sugar  and  iat,  though  it  has  been  clearly 
shown  that  if  the  diet  be  exclusively  confined  to  uon  nitrogenous  materia!, 
weakness  and  weariliess  soon  supervene,  quickly  folhiwed  by  complete  mus* 
cular  exhaustion  (Hammond,  Savory,  Parkes).  It  may  be  remarked,  also, 
that  in  those  nations,  and  in  those  animals,  that  are  well  supplied  with  ni- 
trogeuons  compounds  in  their  food,  a  superior  physical  condition  is  prfjduced, 
enabling  them  to  maintain  severe  exertion  ibr  a  longer  period,  and  also  to 
exert,  when  occasion  may  require,  more  vigorous  elfJirt  for  a  shorter  period, 
than  those  whose  diet  is  of  a  poorer  quality,  or  contains  less  nitrogen  in  an 
easily  asj^similalile  form.—The  precipe  seat  of  the  oxidation  cannot  be  held 
to  be  det'isiively  a^^certained,  and  some,  but  not  very  mtisfactory,  evidence  bii 
been  brought  tbrward  to  show  that  it  takes  place  within  the  vessels. — ^^The 
chemical  lact^  eontieeted  with  the  contracti<m  of  muscle  have  been  ingt^ni- 
ously  woven  by  Hermann^  into  the  fallowing  theory.  He  suppo^e^  that 
muside  contains  a  jJlore  of  a  complex  nitrogenous  material  in  a  siaie  of  iiidu- 
tion.  It  ie  unstable,  and  in  the  act  of  disintegration  devcloijs  forre.  The 
products  of  ita  disintegmtton  are,  mter  niia-^  carbonic  acid,  pamlactie  acid 
(jwkRsibly,  as  Kanke  believes,  nugar  and  fat),  and  an  albuminous  compmnd 
which  in  the  living  muscle  is  gelatinous,  but  soon  coagulates  into  a  solid 
substance  (Myosin).  When  at  rest  the  disintegration  procee4a  slowly,  but 
it  is  rendered  more  energetic  by  elevation  of  temperature  within  t^rtain 
limits,  and  is  induced  instantly  by  certain  '*  irritants,"  As  ihe  muscle**uh- 
stance  is  gradually  consumed  by  exertion,  it  is  requisite  for  the  niainU^nance 
of  its  characteristic  properties  that  a  constant  circulation  of  blood  shcmld 
take  place  through  its  vessels,  by  which  mean;;  not  only  may  oxygen  and 
fre^h  supplies  of  nutritive  material  be  brought  to  it,  but  the  pniduct^  of  its 
disintcgnition,  the  presence  of  which  seriously  impairs  its  contractile  power^s 
may  be  removed/   The  power  of  the  muscles  appears  to  be  capable  oflidDf 

>  Gruiulrlftrt  der  Physiologic,  1B67,  p.  226*  8e«  also  Schenk,  Areltir  t  Sxrar. 
P«th.,  1»74,  Bd.  ii,  p.  2L 

■  The  r(»«dnr  will  find  much  inleroating  informiitidD  on  the  ii*veral  views  of  ih* 
origin  t>f  imi5?cu!iir  f(^rc<*,  with  referenc*»«  tn  pf{'vii»u«»  WFiieri,  in  PUyfHir's  Kttmy  ofl 
the  F<nxl  (if  Mnn  in  KetHtion  10  hh  useful  Wiirk,  Edinb.,  1865;  Henlnn's  E-^s^y  on 
ihii  FuntUtm  of  the  Blood  in  Mt-scidnr  VVurk,  PhiU  Ms^,,  18*^7;  lXindt?r»,  On  ib# 
Con-'tinirnt*  of  Ftw4  in  their  Relation  tu  IHum'uIup  Work  and  AniLnsJ  Hpnt,  irawr 
luted  bv  Dr.  Moore,  Dublin,  lg66;  Parkei^'s  Ksfays  on  the?  Eliniiii»iroTi  of  Kitnifcii 
hy  tht»  Kidncj'f  (Profewling*  of  the  Roynl  Society,  imi,  Nob.  8^  iind  94)  j  Pnjc#?rd. 
K#>y.  S^H*.,  Lond.,  1ST4,  No.  160,  snd  Professor  IJMUghioTi'a  Addr(!t»fi  nl  the  Mectiof 
of  the  BritUh  Mi*dk«i  Anociation,  18IJ8. 
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increased  by  the  passage  of  a  continuous  electrical  current  through  the 
nerves  supplying  them.*  Thus  Dr.  Poore  has  shown  that  in  a  case  where  a 
man  could  hold  his  arm  outstretched  for  six  minutes,  when  the  current  was 
used  he  could  go  on  for  thirteen  minutes.  80  als(»  eight  successive  squeezes 
of  the  dynamometer  without  galvanism  gave  388  i>ouuds,  and  the  same 
nuinber  with  galvauism  477  pounds.  Similar  observations  have  been  made 
by  Heidenhain  and  Kemak,  who  have  ternied  such  currents  "  refreshing  "  or 
"  restorative." 

690.  The  rapidity  of  the  changes  of  position  of  the  component  particles  of 
muscular  fibres,  may,  as  Dr.  Alison  justly  remarks,*  be  estimated  though  it 
can  hardly  be  conceived,  from  various  well-known  facts.  The  pulsations  of 
the  heart  can  sometimes  be  distinctly  numbered  in  children,  at  more  than 
200  in  the  minute;  and  as  each  contraction  of  the  ventricles  occupies  only 
half  the  time  of  the  whole  pulsation,  it  must  be  accomplished  in  :((,oth  of 
a  minute,  or  2*0^^^  of  a  second.  Again,  it  is  cHjrtain  that,  by  the  move- 
ments of  the  tongue  and  other  organs  of  speech,  loOO  letters  can  be  distinctly 
pronounced  by  some  persons  in  a  minute:  every  one  of  these  must  recjuire  a 
separate  contraction  of  muscular  fibres;  and  the  production  and  cessation  of 
each  of  the  sounds,  implies  that  each  separate  contraction  must  be  followed 
by  a  relaxation  of  equal  length;  each  contraction,  therefore,  must  have  been 
effected  in  ^^a^'*  P*^*"'  ^^  ^  minute,  or  in  ^\,th  of  a  second.  Haller  cal- 
culated that,  in  the  limbs  of  a  dog  at  full  speed,  muscular  contractions  must 
take  place  in  less  than  ^noth  of  a  second,  for  many  minutes  at  least  in  suc- 
cession.— All  these  instances,  however,  are  thrown  into  the  shade,  by  those 
which  may  be  drawn  from  the  class  of  Insects.  The  rapidity  of  the  vibra- 
tions of  the  wings  may  be  estimated  from  the  musical  tone  which  they  pro- 
duce; it  being  easily  ascertained  by  experiments,  what  number  of  vii>rations 
are  required  to  produce  any  note  in  the  scale  (§  689).  From  these  data,  it 
appears  to  be  the  necessary  result,  that  the  wings  of  many  Insects  strike  the 
air  many  hvmlred  or  even  many  ihoiusand  times  in  every  second. — The  minute 
precision  with  which  the  degree  of  muscular  contraction  can  be  adapted  to 
the  designed  effect,  is  in  no  instance  more  remarkable  than  in  the  (jjottis. 
The  musical  pitch  of  the  tones  produced  by  it,  is  regulated  by  the  degree  of 
tension  of  the  chordce  vocales,  which  are  possessed  of  a  very  considerable  de- 
gree of  elasticity  (§  697).  According  to  the  observations  of  Miiller,'  the 
average  length  of  these,  in  the  male,  in  a  state  of  repose,  is  about  /(fo^^^ 
of  an  inch;  whilst  in  the  state  of  greatest  tension  it  is  about  ,^„"(;ths;  the 
difference  therefore  being  V*o^oths,  or  one-fifth  of  an  inch:  in  tlie  female 
elottis,  the  average  dimensions  are  about  j^oo'^s  and  ^Vo^^*^  respect- 
ively; the  difference  being  thus  about  one-eighth  of  an  inch.  Now  the 
natural  compass  of  the  voice  in  most  persons  who  have  cultivated  the  vocal 
organ,  may  be  stated  at  about  two  octuves,  or  24  semitones.  Within  each 
semitone,  a  singer  of  ordinary  capability  could  produce  at  least  ten  distinct 
intervals;  so  that  of  the  total  number,  240  is  a  very  moderate  estimate. 
There  must,  therefore,  be  at  least  240  different  states  of  tension  of  the  Vocal 
Cords,  every  one  of  which  is  producible  by  the  will,  without  any  previous 
trial;  and  the  ii7io/e  variation  in  the  length  of  the  cords  being  not  more 
than  one-fifth  of  an  inch,  even  in  man,  the  variation  required  to  pass  from 
one  interval  to  another,  will  not  be  more  than  yjVnth  of  an  inch.  And 
yet  this  estimate  is  much  below  that  which  might  be  truly  made  from  the 
performances  of  a  practiced  vocalist.* 

.    '  See  the  experitnonU  of  Dr.  Foorc,  Pnictitinnor.  Janunry,  1873. 

•  CycIopie<lin  of  Anntomy  Hnd  Pliysiology,  Art.  Contraclility. 

•  Elements  of  Pliysiolo^y,  Biily'.s  IrHnsliition,  p.  1018. 

•  It  is  said  that  tlio  celebrated  Madame  Mara  was  able  to  sound  100  different  in- 
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CHAPTER  XVL 


OP    THE    VOIC 


AKD    SPEECH* 


1.   Of  the  Ltnynx  and  its  Actio m, 

691,  The  sounds  produced  by  the  organ  of  Voice  constitute  the  ramt  im* 
portaut  meaoa  of  commiinicatiou  between  Man  and  hk  fellows;  aud  the 
|>ower  of  Speech  has,  tliereforci  a  primary  influence^  ae  well  oq  his  phyt^ical 
condition,  as  on  the  development  of  hh  mental  faculties.  It  ii  nec^^ary  to 
bear  in  mind  tliat  Vocal  sounds*  and  Speech  or  articulate  Language,  are 
two  things  entirely  diflereDtj  and  that  the  former  may  be  produced  in  great 
|>erfection,  where  there  is  no  capability  for  the  latter.  Hence,  we  might  ai 
uuce  infer  that  the  iustrumeut  for  the  production  of  vocal  souudij  U  diatioct 
from  that  by  which  the^e  sounds  are  modified  into  articulate  sfieech  ;  and 
this  we  eaaily  dii»cover  to  be  the  case,  the  voice  being  unqueationahly  pro- 
duced in  the  larpix^  whilst  the  modifications  of  it  by  which  language  h 


J«^««.^j». 


:«i 


pnkte;  ^,  tuuguti ;  e,  tcctlr^n  of  ti'Uuh  |>viidiiltitii  puUU;  fi,  d,  \\pm\  u^  urylt;  r^snltfrlar  iircb  or  j^lha 
of  fautt*a;  i^  poit«rlor  HTL'h ;  iy  lotmU  i  jj,  phftrrnx ;  A,  hjoltl  Uim*;  A,  thrjrtttd  cartUiy^;  n,  cf  Icofd  o»rl! 

iftrjDX  \  5,  pusage  into  oeaoplmguB ;  6,  (tiuuiju  of  f  (gbt  EuilAcbliiD  tulf«. 

formed,  are  effected  for  the  most  part  in  the  oral  mvity, — The  structure  aod 
fuuctious  of  the  furmer,  tben^  first  claira  our  attention.  It  will  be  remem* 
bered  that  the  Trachea  is  i*urmounted  by  a  stout  citrtilaginoua  atinulus, 
termed  the  OricQid  cartilage  (Figs*  298,  299,  a  n,  Fig*  300,  r  uxw);  whiek 

lervRls  between  e»ch  lone.  Thi*  t^nrnpiiM  of  Iht  voice  bring  it  toist  thrne  cictaT^  ^ 
21  umL'Si  Lhe  totat  number  nf  inler^nU  wm?  2100,  all  compHtted  within  sn  eMlf^mt 
vitrintion  of  one-eighth  of  nn  inch  ;  su  ibittii  might  1m?  md  that  »he  mnM  nbleUi  d^trr- 
mine  tho  contrnaiftM  t»f  ber  voe^t  mui$eli$i  to  nenrlj  tb€  j«p^>if^tf/i*IAoMiAn«/fA  uf  bq  tticli. 
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serves  as  a  foundation  for  the  superjacent  raeehaDbni.  This  is  embraced  (ne 
it  were)  bj  the  Thyroid  (Figs.  298,  299,  e  c  g,  Fig,  300,  g  eh),  which  is 
articulated  to  its  sides  by  the  lower  horos  (FJg*.  298,  299,  e),  round  the  ex- 
tremities of  wbieh  it  may  be  coosidered  to  turn  as  on  a  pivot  In  this  man- 
ner, the  lower  front  border  of  the  Thyroid  cjirtilage,  whicb  is  ordinarily 
separated  by  a  small  interval  (Figs,  298,  299^  m  n)  from  the  upper  margin 
of  the  Cricoid  J  may  be  made  to  approach  it  or  to  recede  from  it;  as  any  one 
may  easily  ascertain,  hy  placing  his  linger  against  the  little  depression  which 
may  be  readily  felt  externally^  and  obs^erving  its  changes  of  size,  whilst  a 
range  of  different  tones  is  sounded ;  for  it  will  then  be  noticed  that,  the 
higher  the  note,  the  more  the  two  eartihiges  are  made  to  approximate,  whilst 
they  separate  in  proportion  to  the  depth  of  the  tones/  Upon  the  upper  sur- 
face of  the  back  of  the  Cricoid,  are  seated  the  two  small  Aryienmtl  cartilages 
(Figs*  298,  300,  f  f)\  these  are  fixed  in  one  direction  by  a  bundle  of  strong 
ligaments,  which  tie  them  to  the  back  of  the  cricoid;  but  they  have  some 
power  of  moving  in  other  directions,  upon  a  kind  of  articulating  surface. 
The  direction  of  the  surface  and  the  mode  in  which  the&e  cartilages  are  other- 
wise attached^  cause  their  movement  to  be  a  sort  of  rotation  in  a  plane  which 
is  nearly  horizontal  but  partly  downwards;  so  that  their  vertical  planes  may 
be  made  to  separate  from  each  other,  and  at  the  same  time  to  assume  a  slant- 


FiG.  29a. 


Flo.  20». 


^^y 


A 


/ 


E^t^T^ml  jtfid  St?ctlotitiI  vleiTi  of  the  La^jrux :  a  it  b,  tbb  tirlcoici  curt  Hag«  \  %  g  u,  tbc  ibf  mid  t>»rU1tgv ; 
i>.  Its  upjn?r  (lorn  ;  c^  tls  iower  horn,  wh«re  H  i*  »rt1culjiit*a  with  thecMcrttd ;  ¥,  the  AT^k^iiold  ciirtlkge; 
K  Ft  (Uc  vi>Qal  HgnroeTit;  a  K,  (Hoo-thjmideua  lauicld:  »  *  »,  (hyri^aryteuoideus  oiuwlk?;  x  e^trfw^ 
ftr^t«Doliif!Uii  iHtenlii;  j,  treniTcrH  lectloD  of  irjietiolclfius  tmnitejrsui ;  m  n^  spiu^e  bctw^o  thyrolil 
«ad  crle^jtdt  h  j^  |iroJ«cU<>ii  of  ixia  of  titiculAlioa  of  arrteoold  wtth  thjrold. 

ing  position.  This  change  of  place  will  be  better  understoml,  when  the 
action  of  the  muscles  is  de^ribed*  To  the  lower  part  of  the  anterior  surface 
of  the  Arytenoid  cartilages  are  attiiched  the  chordm  vocnlm  or  Vocal  Liga- 
ments (Fig.  29s,  E  F,  Fig.  30O,  T  v),  which  litretch  across  to  the  front  of  the 
Thyroid  cartilage;  and  it  h  upon  the  condition  and  relative  situation  of  the^e 
ligameuta  that  their  action  depends.     It  is  evident  that  tliey  may  be  ren- 


>  Irt  making  iKb  ob«erviili<m,  U  i»  necessary  to  put  out  of  vteur  the  g^nernl  move* 
ment  of  the  Lurynx  itself,  wbicb  tb<i  finger  must  be  made  to  follow  up  and  down* 
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dered  more  or  le^  tense,  by  the  movement  of  llie  Thyroid  cartilaise  tbiis 
described ;  beiug  tighteoed  by  the  depression  of  its  trout  upon  the  Cricoid 
cartilage,  and  slackened  by  its  elevation*  On  the  other  hand,  they  may  be 
brought  into  more  or  less  clos^ie  apjwisition,  by  the  movemeut  of  tlie  Arytenoid 
cartilages;  being  made  to  approximate  nenrly,  or  to  recede  in  such  inannar 
as  to  cause  the  riraa  glottidb  to  a^unie  the  form  of  a  narrow  V,  by  the 
revolution  of  thei?e  cartilages, — Wt;  ^hall  now  inquire  into  the  actio na  of  the 
muscles  upon  the  several  parta  of  this  apparatus;  and  fii^t  into  thoae  of  tine 
larynx  alone. 

692.  The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the  conae* 
qnent  tenmn  of  the  Vocal  Ligaments,  h  occasioned  by  the  conjoint  action 
of  the  Orie^-thp-oideP  (Fig.  299,  A  K)  on  both  uides;  and  the  chief  antago- 
nists to  thej^  are  the  Thjfro-ar^enoidei  (Fig.  208,  f  m.  Fig.  300,  v  kf}^  which 
draw  the  front  of  the  thyroid  back  towards  the  arytenoid  cartilages,  aod  ikm 
relax  the  vocal  llgamenU.  The^  two  pairs  of  niuscles  may  be  regarded  m 
the  principal  governors  of  the  pitch  of  tne  uote^,  which,  a^  we  shall  bertsafUr 
see,  is  almufit  entirely  regulated  by  the  tension  of  the  ligaments  ;  their  actiott 
is  assisted,  however,  by  that  of  other  mu.^cleij  pre^sently  to  he  mentioned.'^ — 
The  arytenoid  cartilages  are  made  to  diverge  from  each  other,  by  mtmiU! 
of  the   Orieo-ar^t-etwidel  postid  (Fig,  300,  K  /)  of  the  two  sidtis,  which 

proceed  from  their  outer  corners, 
and  turn  somewhat  round  the  edge 
of  the  Cricoid,  to  be  attach t^l  to  the 
lower  part  of  its  back ;  their  action 
IS  to  draw  the  outer  corncri  back- 
wards and  downwardj*^  so  that  the 
points  to  which  the  vocal  ligaments 
are  HlLichcil  are  sepiirateil  frf*m  one 
another  and  the  rlma  jilotiidis  is 
t  h  ro  w  n  npen .  T  h  is  w  i  11  be  n  t  o  n  ee 
seen  from  the  succeeding  diagmm* 
in  which  the  direction  of  traction  of 
the  several  nuiscles  is  laid  down. — 
The  action  of  these  muscles  u  partly 
antagonized  by  that  of  the  fVi-oo- 
artfieTwidei  Infn^tih-^  (Fig.  iiOO,  x  x)» 
which  run  forwardjs  and  downwards 
from  the  outer  corners;  of  the  Aryl- 

BlrdVeyrt  tIpw  oriiftrfnx  from  iboYe:  fi  mn,  the    euoid    curtilages,    and     whoso    COU* 

ihyroia  mnun^.  eiubni.in«^  tb«  rfn^  of  the^c^i^.  traction  tends  to  bring  their  anterior 

r «  I  TO,  and  turninjr  upon  the  ajrb»  J- J.  which  Msses         »    ^      *    ,      ^i  ^      -    i  .    i' 

through  the  iow*.r  horiii.  c,  Fiir.  m,  it  r,  v  f,  tb..  P^"'**^  l^^o  the  Same  straight  hue, 
*rjttfinjid  t'BrtiijM^ra,  coPDwtod  by  the  arytenoidmii  depressing  them  at  the  #ame  time, 

traniTf  nviin;  t  v,  t  v,  tha  vncnl  Jl^nmeDt*;  n  x.  thft  go  aS  thuS  tO  clme  the  glottls*  Til6M! 
right  cdci>aryt€'poiaoui  IfltflrtUlB  Hbe  left  bHn«  n-  nilHi*lpfl  art*  a<^^i^li>d  hv  fbfl  vCnrf- 
iiiof.^);v*/,thfllfftvhjn>^ryte(,oideuWthisrisht    ™"3,^  ^^'^    ^^    asslbtCU    bj   ttie    Arfi- 

bring  Ttmot^\ ;  N /, N J. ihe crico-»ry teooidei  poittct ;  €iioidem  traim'erms  {t  Ig.  300 ), 
»,  a,  the cfico-Aiyt*iK>id  Ugamenu.  which  conuects  the  posterior  faoei 


*  For  A  careful  inveiitikjwtMin  in  reir«rd  to  the  precipe  mml©  in  which  thv  criot^ 
Oiyroid  net?,  sea  Jel*»riffy/rfluirpr'fi  Archiv,  1873,  vol.  vii,  p.  8'^ 

'  Dr,  P.  MHtiyn  hns  iddueiKl  VHrious  obaervaUons  lo  show  tluit  ih©  Thyroid  hod jr 
eitertft  an  imp^irlunt  influence  nn  the  jtHch  of  the  nol*^,  by  e^JvTng  a  cprtniii  fiftni:i«tt, 
rigidity,  and  t*^ii si ou  to  the  larynx.  He  also  tnggeas  that  Ihi*  Iwdy  tiihy  act  at  a 
ioader^  renderinj^  the  vibrations  of  ih«  V(»eftl  cords  slower  and  lonifor,  jind  ihe  t^noiii 
coTi«n^upncH,  fuller,  huidftr,  urid  dt^f^p^r,  thus  compcnonlhip?  for  ihe  *itiiill  *  i>»* 

iMrynsL;  flnnlly  he  bvUove*  th»t  it  ald^^  by  it?  cbftngfls  in  shape,  butk»  nh>t  la 

producing  thfl  wonderftihpmlitiR^of  m-idijlation  and  *^xpre«4ion  peculiar  to  ....  u^.n^a 
voie#.    Seo  Frtiueedmga  of  the  Eoyal  Society ^  yol.  vHi,  p.  S15. 
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of  the  Arytenoid  cartiiage^St  and  wbich,  bj  its  contraction,  draws  them  to- 
gether. By  the  conjoint  action^  tbereforCj  of  the  Crico-aryteuoidei  laterales 
and  of  the  Arytenoid  ens  trauaveriua,  the  whole  of  the  adjaceat  faces  of  the 
Arytenoid  cartilagft*  will  be  approximated^  and  the  points  to  which  the  vocal 
ligaments  are  attached  will  be  depresaed, — But  if  the  Aryteuoideus  be  put  in 
action  m  coiijnuction  with  the  Crico  arytenoidei  poatici,  the  teodeucy  of  the 
latter  to  separate  the  Arytetioid  cartilages  being  antagonized  by  the  former. 
Its  backward  action  only  will  be  exerted  ;  and  thus  it  may  be  caused  to  aid 
the  Crico-thyroidei  in  rendering  tense  the  vocal  ligaments.  This  action  will 
be  further  assisted  by  the  SternQ'fhjroidei,  which  tend  to  depre^  the  Thyroid 
cartilage  by  pulling  from  a  fixed  point  below  ;*  and  the  Thyro-hijoidel  will 
be  the  antagonists  of  these,  whet*  they  act  from  a  fixed  point  above,  the  Oi 
Hyoides  being  sietju  red  by  the  opposing  contraction  of  several  other  muscles, — 
The  respective  actions  of  these  muscles  wiO  be  beat  comprehended  by  the  fol- 
lowing table : 


3    f  CRlro-THTKOlPKti 

^   tSTltHKO-THYAOlOKlt 

o 

5  f  TnTF.o-ARYTKXoir*iti^  ]^ 
<  XTuvao-livoiOKt,  J' 


Govern  the  piUk  of  the  iVdte«. 


Depress  thi?  front  of  the  Thyroid  cartilugfi  on  tht 
Crk'oid,  nntl  nirrirh  tli**  vocaI  lTgiimi«nb-;  BJ^sJ^tfld 
by  the  Arytenoidt^u?  imd  Crico-nryt*>noi<icn  poiii  cu 

{Elt?Tate  the  fr<ml  t>f  the  Thyroid  carlibiise,  and 
drrtw  il  towards  the  Ar)'ti*nt>id*|  r«to?<?ij?  iha 
vocul  ligumenta. 


Govern  ihs  aperture  of  ike  GloiiU. 
Citico-ARTTCKoiDKi  posTicij Qp^H  the  Glottis. 


I 


I    /CttJCO-AttYtltNOIDKI    LATKRALltfl,  1 


f  Pr**ss  tf igt> th n r  th e  i  n  n (*f  ed gj^a  o f  t h fi  A ry- 
'  \    tciioid  CMrtiLugt!fl,  und  doM  the  Glutti^. 


69S,  The  muscles  which  stretch  or  relax  the  Vocal  cords  are  entirely 
eoiieenied  in  the  production  of  Voice:  those  which  govern  the  aperture  of 
the  Glottis  have  important  functions  in  connection  with  the  Respiratory  ac- 
tioos  in  general,  and  at^ind  as  guards  (so  to  sjieak)  at  the  entrance  to  the 
lungs.  Th^e  separate  actions  are  eiisily  made  evident.  In  the  ordinary 
coiioition  of  rest^  it  seems  probable  that  the  Arytenoid  cartilages  are  con- 
siderably separated  from  each  other;  m  as  to  cause  a  wide  oi^ening  to  inter- 
vene between  their  inner  faces  and  l>etween  the  vocal  liganienUs  through 
which  the  air  freely  passes;  and  the  vocal  ligaments  are  at  the  t*ame  time 
in  a  state  of  complete  rplaxation. — We  can  close  the  aperture  of  the  Glottis 
by  an  exertion  of  the  will,  during  either  inspiration  or  expiration  ;  and  its 
closure  by  an  automatic  impulse  forms  part  of  the  acts  of  Coughing  and 
Sneezing  (§  304),  besides  giving  rise  to  those  more  prolonged  impediments 
to  the  ingress  and  egress  of  air,  which  have  been  already  noticed  as  resultiug 
from  disordered  states  of  the  Nervous  system.  With  these  actions,  the  mus- 
cles which  regulate  the  tenmon  of  the  vocal  ligaments  have  nothing  to  do; 
and  we  have  seen  that  they  are  performed  by  the  instrumentality  of  the 
Pneumogastric  or  proper  R&Ipiratory  nerve  (§g  301,  302).  The  appearances 
which  present  themselves  when  the  interior  of  the  Larynx  h  examined 
during  life  are,  according  to  Prof  Czerraak,  that  in  the  almost  semilunar 


^  These  are  not  umfttly  reckoned  among  the  principwl  muael&i  coriperned  ifi  re^ii- 
Utixig  the  voice;  but  that  th<^y  are  so,  any  one  miiv  Cfinvince  himst^llf  by  plueirtsr  hia 
finder  jii5ttibo¥e  Ibe  »lf;rDum,  wHili^t  he  is  lounding  higb  natefl ;  £i  litruiig  feeling  of 
tiias<;uUr  lenftbo  ii  thi^n  Mt  uaee  perceived. 
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Space  bouaded  by  the  pr^sterlor  wall  of  the  Pharynx  {Fig.  302)  and  the  biiB 
of  the  tongue,  the  upper  curved  free  edge  of  the  eiHglottk  {ei  is  aeeOt  i^ 
latenil  portions  just  toucblpg  the  posterior  pharyngeal  wall,  and  its  ceotfsl 


Fm.  jmi. 


\ 


Purl  of  Fijf.  soft  «nl»rged,  to  show  the  DIfwtton  of  the  Maicnfmr  fofcm  irhleb  %r.t  an  the  ArfiennH 
emriW^ge.  K  v  M.  rhe  rl^ht  AryUiiioiil  i,'iirtl1nirH  ;  T  V,  its  vocal  li}t;non^\it:  B  Et  s^  hiindle  of  iLguufst* 
uniUiig  U 10  Cricoid;  o  P,  pToJL'ction  nT  it»  AXin  DrarUciiUltud ;  A  ir,  direct  too  of  the  JieUioii  of  tbffTbnv- 
arylrnoyi'iii;  a  x,  dir^^Uon  of  CHcr>-Arytenuldeui  lnteralU^  si  w,  direvUoD  of  Crl^i^-arxtiiftvldM* 
puKtkMLB;  s  TT,  direction  of  AiytenoldPustniiiBTeiiiiii. 

portion  arching  forwards,  so  a§  to  leave  an  interval  for  the  pa^ajiage  of  air  in 
the  meilian  line.  Near  the  centre  of  the  cleft  between  the  upper  border  of 
the  eptgloitU  and  the  walk  of  the  pharynx,  a  transverse  band  or  cushtoQ  (f) 


rm.  aoi 


Fio.  ana. 


¥h..  ni)2.— C'ondUiOD  df  ihe  L»ryDit  Jta  seen  by  the  LirTtigfMOrt|ie  JuNsif  iranqiiiJ  mplraiiatt:  i 
^IriitlA,  tr,  fi!viurt5-Uke  iifjenfuK  t»f  n'sof ihsgui ;  e,  Tuld  of  moeuuii  «a('mbnta<i'  huuDdini  ilit  opcralltf  4 
glottis  pc^itiiriorly,  int]  iixteiidintf  between  ihf?  tubercle  of  llie  carlilni^t^  of  BMCilciiiiii 

Fio.  30:i.—CV*n ditto II  of  the  LA17DK  during  the  etoiwioo  of  the  btomd  toiir<?I  nonn^  (AH«^  mn 
Sautnrini  Bori*iooo»S*i(f  lJ»e  nryivoold  curtiligc*;  c,  epfglotlia  i  I  p  c,  Inferior  ar  tru©  ro«iil  eiMd ;  i»f. 
vutH.-'rlor  of  faJjie  votfil  corU  of  right  aid?. 

k  also  seen,  of  a  reddish  color,  and  formed  by  the  edge  of  the  fold  of  iiiuei>ii« 
membrane  sustained  between  the  two  sepanited  arytenoid  cartilages  (a  «), 
The  anterior  outline  of  the  fold  k  concave  in  front,  and  forms  with  iho 
superitir  border  of  the  epiglottis,  which  i^  concave  behind  and  eituated  a 
little  higher,  a  narrow  trans>ver!i=ely-elliptieal  fia.*ure.  If  the  vowel  a  be  now 
sounded  as  in  ah  or  eh,  the  semilunar  space  behind  the  baiie  of  the  timgue  is 
enlarged,  the  epiglottis  ri^s  and  separates  from  the  poj^terior  wall  fif  tht 
pharynx,  the  glottis  become©  widely  opened,  anda  considerable  j>ortitm  of 
the  anterior  wall  of  the  trachea  can  i»e  perceived,  A  small  rounded  swelling 
situated  to  the  outer  side  of  the  tubercIiEs  of  Santorini,  which  was  previtmaly 
concealed  by  the  lateral  border  of  the  epiglottis,  now  alsKJ  conies  into  view, 
The  movements*  of  the  arytenoid  cartilages  during  the  prodtictioti  of  vo<«l 
fciounds  can  be  very  distinctly  observed  by  the  lar}*ngoseope,  and  the  aeswjoat 
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given  by  Professor  Czermak  possesses  considerable  interest,  since  it  fully 
sorroborates  the  views  derived  from  theory  and  experiment  on  the  dead 
mbject,  which  had  been  expressed  before  the  introduction  of  the  instrument. 
As  soon  as  we  wish  to  utter  a  sound,  the  two  arytenoid  cartilaees  raise  them- 
Bdves  in  the  fold  of  mucous  membrane  which  covers  them,  and  approach  one 
another  with  surprising  mobility.  This  movement  effects  the  approximation 
of  the  vocal  cords,  and  consequently  the  constriction  of  the  Glottis  (Fig.  303). 
nie  study  of  the  mode  of  formation  of  the  gravest  chest-sounds  is  extremely 
difficult,  on  account  of  the  arytenoid  cartilages  becoming  elevated  and  rapidly 
approaching  one  another  until  they  come  almost  into  complete  contact,  whilst 
the  J  bend  under  the  border  of  the  depressed  epiglottis  in  such  a  manner  that 
the  latter,  as  viewed  by  the  laryngoscope,  entirely  conceals  the  interior  of 
the  Larynx.  According  to  MandP  the  opening  of  the  glottis  in  the  produc- 
tion of  the  deepest  notes  is  ellipsoidal.  During  the  emission  of  the  most 
acute  sounds,  the  Glottis  is  contracted  in  a 
linear  form  (Fig.  304) ;  on  each  side  we  per-  ^^^-  ^w. 

ceive  the  vocal  cords,  distinguished  by  their 
whitish-yellow  color,  and  a  little  to  the  outer 
ride  is  a  narrow  groove  indicating  the  position 
of  the  ventricles  of  Morgagni.  Further  out- 
wards again  are  the  false  or  superior  vocal 
cords.  These  parts,  with  the  erected  aryte- 
noid cartilages,  the  epiglottis  pulled  upwards 

and  forwards,  and  the  arytenO-epiglottidian  lig-         Condition  of  the  Larynx  during  the 

amenta,  together  form  a  short  and  stiff  tube    emission  of  a  high  or  «cut4jtound:e, 
rituat«labovetheGlottis;thewholeappearing,     T^lfZ'^^X  :l,^^^ 
from  the  sensation  we  experience  during  the  ex-    cord. 
periment,  to  be  in  a  state  of  very  great  tension.' 

That  the  aperture  of  the  glottis  is  greatly  narrowed  during  the  production 
of  sounds,  is  easily  made  evident  to  one's  self,  by  comparing  the  time  oc- 
cupied by  an  ordinary  expiration,  with  that  required  for  the  passage  of  the 
nme  quantity  of  air  during  the  sustenance  of  a  vocal  tone.  Further,  the 
sise  of  the  aperture  is  made  to  vary  in  accordance  with  the  note  which  is 
being  produced ;  of  this,  too,  any  one  may  convince  himself,  by  comparing 
the  times  during  which  he  can  hold  out  a  low  and  a  high  note ;  from  which 
it  will  appear  that  the  aperture  of  the  glottis  is  so  much  narrowed  in  pro- 
ducing a  high  note,  as  to  permit  a  far  less  rapid  passage  of  air  than  is 
allowed  when  a  low  one  is  sounded.  According  to  Kempelen  no  sound  is 
elicited  when  the  distance  between  the  Chordie  Vocales  exceeds  j'„th  to  jljth 
of  an  inch.  The  muscular  movements  concerned  in  the  act  of  vocalization, 
appear  to  be  called- forth  by  the  instrumentality  of  the  motor  fibre.«,  partly 
derived  from  the  Spinal  Accessory  nerve,  which  are  contained  in  the  Pneumo- 
gastric  (§  496). 

694.  We  have  now  to  inquire  what  is  the  operation  of  the  Vocal  Cords  in 
the  production  of  sounds :  and  in  order  to  comprehend  this,  it  is  necessary 
to  advert  to  the  conditions  under  which  tones  are  produced  by  instruments 
of  various  descriptions  having  some  analogy  with  the  Larynx.  These  are 
chiefly  of  three  kinds:  strings,  flute-pipes,  and  reeds  or  tongues. — The  Vocal 
Ligaments  were  long  ago  compared  by  Ferrein  to  vibrating  Htringfi;  and  at 
first  sight  there  might  seem  a  considenible  analogy,  the  sounds  which  both 

*  Wien.  Acnd  Sltz.-ber.,  Bd.  Ixii,  p.  764,  nnd  Traite  pratique  des  MuUdios  du 
Larynx  et  du  Pharynx,  Paris,  187*2. 

•  On  the  Laryn^oFcope,  Syd.  Soc.  Tran8.,  1861,  pp.  87-8;  see  also  The  Laryntjo- 
Rcope,  byGi'orgo  D.  Gibb,  M.D  ,  London,  1863.  Alorell  Mackenzie,  M.D.,  The  Use 
of  the  Laryngoscope,  3d  edit.,  1869. 
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Eroduec!  beiug  elevated  by  iocre^^ed  tensioD*  This  resemblartoedisapfiQtnb 
owever,  ou  more  accurate  compartson  ;  for  it  may  be  easDj  ascertniaed  by 
expetimetitj  that  no  siriug  so  short  as  the  vocal  lig^iments  could  give  a  cl«ir 
tooe  at  all  to  be  compared  in  dejith  with  that  of  the  lowest  uotcs  of  the  hu- 
man voice  ;  and  also,  that  the  ^cale  of  changes  produced  by  increased  tensioa 
k  fuDdanien tally  different.  When  strings  of  the  same  length  but  of  dlffereut 
teoeiooB  are  made  the  subject  of  comparisoTii  it  is  found  that  the  u umber  af 
vibrations  is  In  proportion  to  the  square  roots  of  the  exteuding  forces.  Thu^ 
If  a  string  ejctended  by  a  given  weight  produce  a  certain  note,  a  string  ex- 
tendal  by  four  tiiries  that  weight  will  give  a  note  In  which  the  vibratitMia 
are  twice  as  rapid  ;  and  this  will  be  the  octa%"e  of  the  other.  If  nine  times 
the  original  weight  be  employed,  the  vibrations  will  be  three  times  a.-  rapid 
m  those  of  the  fundamental  note,  producing  the  twelfth  abo%*e  it-  Now  by 
fixing  the  larynx  in  stich  a  manner  that  the  vocal  ligaments  can  lie  extended 
by  a  known  weight,  Miiller  has  ascertaioed  that  the  sounds  pn*do('ed  bra 
variation  of  the  eit tending  force  do  not  follow  the  same  ratio  ;  and  therefore 
the  condition  of  these  ligaments  cannot  be  mmply  that  of  vibrating  ct»rds. 
Further,  although  a  cord  of  a  cot  tain  length,  which  is  adapted  to  give  mil 
a  clear  and  dbtiuct  note  equal  in  depth  to  the  low<^t  of  the  human  voUje, 
may  be  mad'e  by  increased  tension  to  protluee  all  the  superior  note^  (whicH, 
in  stringed  instruments,  are  ordinarily  obtained  by  shortening  the  st rings )» 
it  does  not  follow  that  a  short  string,  which,  with  moderate  tension »  na^ 
nrally  produces  a  high  note,  should  be  able,  by  a  diminution  of  the  tension, 
to  give  out  a  deep  one;  for,  although  this  might  be  theoretically  p>s*iblc, 
yet  it  cannot  be  accomplished  in  practice ;  since  the  vlbi^timis  bt-come 
irregular  on  account  of  the  diminished  elasticity/  Th(^e  considerations  arc 
in  themselves  sufficient  to  destroy  the  suppi>sed  analogy ;  and  to  pn»ve  that 
the  Chordse  Vocalcs  canuot  be  reduced  to  tlie  same  category  with  vibrating 
strings. 

695.  The  neict  kind  of  inatrunient  with  which  some  analogy  might  be 
suspected  J  is  the  fiide^pipe,  in  which  the  sound  is  produced  by  the  vibmtian 
of  an  elastic  column  of  air  contained  in  the  tube  ;  and  the  pitch  of  the  note 
is  determined  almost  entirely  by  the  length  of  the  column,  although  slightly 
modified  by  its  diameter,  and  by  the  nature  of  the  embouchure  or  mouth 
from  which  it  issues.  This  is  exemplified  in  tlie  German  Flnte^  and  in  the 
English  Flute  or  Flageolet ;  in  both  of  which  instruments  the  acting  length 
of  the  pipe  is  determined  by  the  interval  between  the  embouchure  and  the 
nearest  of  the  side  ai>ertnries;  by  ofiening  or  closing  which,  therefore,  a 
modification  of  the  tone  is  produced.  In  the  Organ,  of  which  the  greater 
number  of  pipes  are  congtructcil  upon  this  plan,  there  is  a  distinct  pipe  for 
every  note  ;  and  their  length  increases  in  a  regular  scale.  It  is,  in  fact,  with 
flute-pipes  as  with  strings, — that  a  diminution  in  length  causes  an  iwcn^a^ 
in  the  number  of  vibrations,  in  a  simply  invert  prop<irtion ;  so  that  of  two 
pipes,  one  being  half  the  length  of  the  other,  the  shorter  will  give  a  tone 
which  is  the  octave  above  the  other,  the  vibrations  of  il^  column  of  air  being 
twdce  as  rapid,  Kow  there  is  nothing  in  the  form  or  dimensions  of  the  eiduniii 
of  air  between  the  larj-nx  and  the  mouth,  which  can  be  conceived  to  render 
it  at  all  capable  of  isuch  vibrations  as  are  reciuired  to  produce  the  tones  of 
the  Human  voice ;  though  there  is  some  douot  whether  it  be  not  the  a^ml 
in  the  mui^ical  tones  of  certain  Birds.  The  length  that  would  be  reouircd 
in  an  open  pipe  to  give  the  lowest  G  of  the  ordinary  baas  voice,  is  uearly  six 


I  Thtiii  it  would  he  iTnpns*ih1e  to  prrnJuce  good  Bum  notes  on  th<!  strings  of  m  Vi(»TifT> 
by  diiTirnUbrng  tbdr  tenaiun  ;  the  length  nfTorded  by  the  Violonedlo  or  Double  Bk» 
it  requifliU!. 
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ftet;  and  the  conditions  necessar}'  to  produce  the  higher  notes  from  it,  are 
by  no  means  those  which  we  find  to  exist  in  the  process  of  modulating  the 
koman  voice. 

696.  We  now  come  to  the  third  class  of  instruments,  in  which  sound  is 
produced  by  the  vibration  of  reeds  or  tongues ;  these  may  cither  possess 
elasticity  in  themselves,  or  be  made  elastic  by  tension.  The  "free  reeds 
of  the  Accordion,  Concertina,  Seraphine,  Harmonium,  etc.,  are  examnles  of 
instruments  of  this  character,  in  which  the  lamina  vibrates  in  a  sort  or  frame 
that  allows  the  air  to  pass  out  on  all  sides  of  it  through  a  narrow  channel, 
thus  increasing  the  strength  of  the  blast ;  whilst  in  the  Hautboy,  Bassoon, 
etc.,  and  in  the  Organ  pipes  of  similar  construction,  the  reed  covers  an  aper- 
ture at  the  side  of  one  end  of  a  pipe.  In  the  former  kind,  the  sound  is 
produced  by  the  vibration  of  the  tongue  alone,  and  is  regulated  entirely  by 
Its  length  and  elasticity  ;  whilst  in  the  latter  its  pitch  is  dependent  upon  this 
eoDJointly  with  the  length  of  the  tube,  the  column  of  air  containe<l  in  which 
is  thrown  into  simultaneous  vibration.  Some  interesting  researches  on  the 
effect  produced  on  the  pitch  of  a  sound  given  by  a  reed  through  the  union 
of  it  with  a  tube,  have  oeen  made  by  M.  W.  Weber ;  and,  as  they  are  im- 

Crtant  in  furnishing  data  by  which  the  real  nature  of  the  vocal  orgiin  may 
determineil,  their  chief  results  will  be  here  given. — i.  The  pitch  of  a  reei 
may  be  lowered,  but  cannot  be  raised,  by  joining  it  to  a  tul>e.  ii.  The  sink- 
ing of  the  pit<*h  of  the  reed  thus  ])roduce<l  is  at  the  utmost  not  more  than  an 
octave.  III.  The  fundamental  note  of  the  reed  thus  lowered  may  be  raised 
■gain  to  its  original  pitch  by  a  further  lengthening  of  the  tube,  whilst  by  a 
ffarther  increase  it  is  again  lowered,  iv.  The  length  of  tube  neces>»ary  to 
lower  the  pitch  of  the  instrument  to  any  given  point,  depends  on  the  relation 
which  exists  between  the  frequency  of  the  vibrations  of  the  tongue  of  the 
reed,  and  those  of  the  column  of  air  in  the  lube,  each  taken  separately. — 
From  these  data,  and  from  those  of  the  preceding  paragraph,  it  follows  that 
if  a  wind  instrument  can,  by  the  prolongation  of  its  tube,  be  made  to  yield 
tones  of  any  depth  in  prooortion  to  the  length  of  the  tube,  it  must.be  re- 

Erded  as  a  flute-pipe;  whilst  if  its  pitch  can  only  be  lowered  an  octave  or 
B  (the  embouchure  remaining  the  same")  by  lengthening  the  tube,  we  may 
be  certain  that  it  is  a  reed  instrument.  The  latter  proves  to  be  the  case  in 
regard  to  the  Larynx. 

697.  It  is  evi<lent  from  the  foregoing  considerations,  that  the  action  of  the 
Larynx  has  more  analogy  to  that  of  reed  instruments,  than  it  has  to  that 
either  of  vibrating  ^/riwr/^*,  or  of  flute-pipes ;  and  though  there  would  seem, 
at  first  sight,  to  be  a  marked  difference  in  character  between  the  vocal  liga- 
ments and  the  tongue  of  any  reed  instrument,  this  difference  is  really  by  no 
means  considerable.  In  a  reed,  elasticity  is  a  property  of  the  tongue  it^»lf, 
when  fixed  at  one  end,  the  other  vibrating  freely ;  but  by  a  membranous 
lamina,  fixed  in  the  same  manner,  no  tone  would  be  produced.  If  such  a 
lamina,  however,  be  made  elastic  by  a  moderate  degree  of  tension,  and  be 
fixed  in  such  a  manner  as  to  be  advantageously  acted  on  by  a  current  of  air, 
it  will  give  a  distinct  tone.  It  is  observed  by  Miiller,  that  membranous 
tongues  made  elastic  by  tension  may  have  either  of  three  different  forms: 

I.  That  of  a  band  extended  by  a  cord,  and  included  between  two  firm  plates, 
so  that  there  is  a  cleft  for  the  passage  of  air  on  each  side  of  the  tongue. 

II.  The  elastic  membrane  may  be  stretched  over  the  half  or  any  portion  of 
the  end  of  a  short  tube,  the  other  part  being  occupied  by  a  solid  plate,  be- 
tween which  and  the  elastic  membrane  a  narrow  fissure  is  lcf\.  in.  Two 
elastic  membranes  may  be  extended  across  the  mouth  of  a  short  tube,  each 
covering  a  portion  of  the  opening,  and  having  a  chink  left  open  between 
them. — This  last  is  evidently  the  form  most  allied  to  the  Human  Qlottis  ; 
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hut  it  may  be  made  to  approxirnate  stUl  more  closely,  by 
membranes  in  a  directioD  parallel  to  that  of  the  current  of  sir,  so  thai  Qol 
merely  their  edge?,  but  their  whole  planes  shall  be  thrown  into  Tibmtinn. 
Upon  this  principle,  a  kind  of  artijwial  glottis  has  been  constructed  by  Mr, 
Willii?;  the  conditions  of  action  and  the  eflTects  of  which  are  m  nearly  allssd 
to  that  of  the  real  instrument,  that  the  similar  character  of  the  two  emu 
icarcely  be  doubted.  The  following  is  his  d^eription  of  it.  **  Let  a  wooden 
pipe  hi  prepared  of  the  form  of  Fig,  305,  a,  having  a  foot,  c,  like  that  of  an 

organ-pipe,  and  an  upper  openiug. 
^*^-^^-  long  and  narrow,  as  at  b,  with  a 

foint,  A.  rising  at  one  end  of  it. 
f  a  piece  of  leather,  or.  still  better, 
of  sheet  India-rubber,  be  doubled 
round  this  point,  and  secured  by 
being  bound  round  the  pipe  at  n 
with  strong  thread,  as  in  Fig. 
S05,  b,  it  will  give  m  an  artificial 
glottis  with  its  upper  edgc§  G  H, 
which  may  be  made  to  vibrate  or 
not,  at  pleasurcj  by  inclining  the 
planes  of  the  edges.  A  couple  of 
pieces  of  cork,  e  f,  may  be  glued 
to  the  corners,  to  make  them  more 
manageable.  From  this  machine 
various  notes  may  be  obtained,  by 
stretching  the  edges  in  the  direc* 
Artiftci^i  Glottis.  tion  of  their  length  G  h;  the  notM 

rising  in  pitch  with  the  increased 
tension,  although  the  length  of  the  vibrating  edge  is  increased.  It  h  true 
that  a  scale  of  notes  equal  in  extent  to  that  of  the  human  voice  cannot  be 
obtiiined  from  edges  of  leather;  but  this  scale  u  much  greater  in  India- 
rubber  than  in  leather,  and  the  elasticity  of  them  both  is  so  mwh  inferior 
to  that  of  the  vocal  ligament?^,  that  we  may  readily  infer  that  the  greater 
scale  of  the  latter  is  due  to  its  greater  elastic  |x»wers/'  By  other  e%f>erl- 
raenters  the  tissue  forming  the  middle  coat  of  the  arteries  has  het^n  Uiiod  for 
this  purpose,  in  the  moist  state,  with  great  success;  with  thi^,  the  tissue  of 
the  vocal  li*:ament  is  nearly  identical.  It  is  worthy  of  remark  that,  in  all 
such  experiments,  it  is  found  that  the  two  membranes  may  be  thrown  into 
vibration,  when  inclined  huHtrd^  each  other  in  various  degrees,  or  even  when 
they  are  in  parallel  planes,  ami  their  edges  only  approximate ;  but  that  the 
least  inclination /rom  each  other  (which  is  the  positi^m  the  vocal  ligameoti 
have  during  the  ordinary  state  of  the  glottis,  §  693),  completely  preventa 
any  sonorous  vibrations  from  being  produced,  • 

698.  The  pitch  of  the  notes  produced  by  membranous  tongues  may  he 
affected  in  several  ways.  Thus,  an  increase  In  the  strength  of  the  blast, 
which  has  little  influence  on  metallic  reeds,  raises  their  pilch  very  consider- 
ably; and  in  this  manner  the  note  of  a  membranous  reed  may  be  raL*ed  by 
semitones,  to  as  much  as  a  fifth  above  the  fundamentah  The  afldition  oft  , 
pipe  has  nciirly  the  same  effect  on  their  pitch,  it^  on  that  of  metallic  n»edd; 
nut  it  cannot  easily  be  determined  with  the  same  precision.  Several  differtftt 
notes  may  be  produced  with  a  pipe  of  the  same  length  ;  but  there  is  a  <3ertaia 
length  of  the  cfdumn  of  air,  which  is  the  one  best  adapted  for  each  tone.  It 
has  been  recently  ascertained,  moreover,  that  the  length  of  the  pij>e  prefiitcd 
to  the  reed  has  a  considerable  influence  on  its  tone,  rendering  it  d<x^pcr  ia 
proportion  as  it  Is  prolonged,  down  to  nearly  the  octave  of  the  fundametital 
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Dote;  but  the  pit^cb  theo  suddenly  rises  again,  as  in  tbe  caae  of  the  tube 
placed  beyond  the  reeti.  The  rei^earcheij  of  Miiller,  however,  have  not  euc- 
ceedefi  in  e^tiibli^sbiog  any  very  definite  relation  between  the  lengths  of  tbe 
two  tubes  in  regard  to  their  inHoenee  on  tbe  pitch  of  the  reed  placed  betweejt 
them. 

699,  From  the  foregoing  statemeiit«j  it  appears  that  the  true  theory  of  the 
Voice  may  now  be  considered  m  well  established  in  regard  to  this  essential 
particular, — that  the  sound  is  the  result  of  the  vibrations  of  the  true  vocal 
cords,  which  take  place  according  to  the  mme  laws  with  those  of  metallic 
or  other  elastic  tou^ueaj  and  that  tbe  pitch  of  the  nott^  is  chiefly  governed 
by  the  tension  of  tlie^edaminie/  With  respect,  however,  to  the  nuKie  and 
degrt«  in  which  these  tones  are  modified  by  the  shape  of  the  air-pa^ages 
both  above  and  below  the  larynx,  by  the  force  of  tbe  blast  and  by  other 
concurrent  circumstances,  little  is  certainly  known  ;  but  no  doubt  can  be  felt 
that  these  modifications  are  of  great  im|>ortanee,  when  we  observe  the  great 
amount  of  muscular  action  which  takes  place  consentaneously  with  the  pr*>* 
duction  of  vocal  tones^  and  which  seems  designed  to  alter  the  length  and 
tension  of  the  various  parts  of  the  t*ocixl  tube^  so  that  they  may  vibrate  syn- 
chronously with  tbe  vocal  cords.  Thus,  during  the  ascent  of  the  voice  from 
the  deeper  to  the  higher  notes  of  the  scale,  we  find  the  whole  larynx  uiider- 
going  an  elevation  towards  ihe  base  of  the  cranium,  the  thyroid  cartilage 
being  drawn  up  within  the  os  hyoides,  so  as  even  to  press  on  the  epiglottis,  at 
the  MLme  time  the  small  sj>aee  between  the  thyroid  and  cricoid  cartilages,  or 
criccHthyroid  chink,  is  closed  by  the  depression  of  the  front  of  the  former 
upon  tbe  latter  (§  691) ;  the  velum  palati  is  depressed  and  curved  forwards; 
and  the  tonails  approach  one  another  The  reverse  of  all  these  movements 
takes  place  during  the  descent  of  the  voice* — A  very  important  adjunct  to 
tbe  production  of  tbe  higher  notes  hm  been  pointed  out  by  MuUer.kis  being 
afforded  by  the  mollification  in  the  space  included  between  tbe  two  sides  of 
the  thyroid  cartilage,  which  is  effected  by  tbe  thyro-arytenoidei.  He  had 
experimentally  ascertained  that  the  introduction  of  a  hollow  plug  into  the 
upper  end  of  the  pipe  beneath  his  artificial  larynx  (and  therefore  just  below 
the  reeil),  by  diminishing  its  aperture,  produt^ed  a  considerable  elevation  of 
the  tone.  The  action  may  be  imitated  in  the  human  larynx,  when  mede  the 
subject  of  experiment,  by  compressing  tbe  thyroid  cartilage  laterally^  and 
In  this  manner  tbe  natural  voice  can  be  made  to  extend  through  a  range 
that  could  otherwise  be  only  reached  by  a  falsetto.     The  influence  of  the 

Erefixed  and  superadded  tubes,  in  modifying  the  tones  produced  by  the 
luman  larynx,  has  been  found  by  Prof  Miiller  not  to  be  at  ail  comparable 
to  that  which  they  exerci,sed  over  the  artificial  larynx  [  the  reason  of  which 
difference  does  not  seem  very  apparenL  It  appears^  however,  that  there  is 
a  certain  length  of  the  prefixed  tube — as  there  is  a  certain  distance  of  the 
vibrating  laminie,  and  a  certain  length  or  form  of  the  tube  above — which  is 
most  favorable  to  the  productioa  of  each  note;  and  the  downward  movement 


^  It  h  cons-idered,  howi'vor,  by  Mr.  Bishop  (Cyclop,  of  Anat  and  Phyeiol,,ToL  iv, 
p.  HMj,  ihttt  the  vociil  Hppiirivtui»  combines  the  pr*»pr1ie8  of  a  ft  retched  cord,  » 
iin^mbrMnous  pjf>o  with  n  column  of  air  vibrating  jn  it,  »nd  a  reedj  und  b  thep<5rrecl 
IV p©,  of  which  the*e  Jnstrum<?nU  are  only  impL^rrLt't  adaptalutna^  The  Author  i» 
unnble,  however,  tododuce  frum  Mr,  Bitbop's  |>rf»viouB  filateinenU'  the  grounds  upon 
whi^li  he  make*  thm  ii*aeruor* ;  lind  does  not  underfitand  how  any  instrumefit  <^an 
combirie  the  actions  of  utrhitjs  and  of  iomptrEf  lh<is  laws  of  whose  vibration  are  so 
differenL  That  the  column  of  air  in  the  air* pa^^a^eK  h  thrown  into  vibration  con- 
ficntanecmfly  with  the  production  of  found  by  the  vocal  cords,  and  mteUHifics  that 
sound  by  reciprocation,  can  scarcely  he  doubts  ;  but  the  reui*ons  previouiily  given 
AppcAf  to  the  Author  bu  file  lent  to  disprove  tht;  notion  that  this  vibration  i^  at  all  more 
e&^entitd  to  the  production  of  the  vocal  tone,  than  it  is  in  the  reed-pipe  of  an  organ. 
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of  the  whole  vncal  organ,  whioh  takea  place  when  we  are  sounding  ifq> 
notes,  and  its  ri^e  dyriu^  the  elevation  of  the  tone;!,  have  been  suppcised  to 
answer  the  purjxise  of  making  this  adjuMment  in  the  lengtli  of  the  trach^i; 
but  this  requires  the  supiKisiliou  that  the  real  length  of  the  ti-achea  is  short- 
ened whilst  it  appears  extended— tor  wliich  tliere  seems  no  foyndation.  It 
18  considered  by  Mr.  Wheatstone  that  the  column  of  air  in  the  trachea  may 
divide  itselt  iulo  ''  harmonic  lengths,"  and  may  produce  a  recipro^tion  of 
the  tone  given  by  the  vocal  ligaments  (§  64*2);  and  in  this  naanner  he  (con- 
siders that  the  fiiliietto  notes^  are  to  be  explained.  It  may  be  added  that  the 
partial  closing  of  the  epiglottis  seems  lo  assist  in  the  produciina  of  dfen 
notes,  jnst  as  the  partial  covering  of  the  top  of  a  short  pipe  fixed  to  a  ret?d  will 
lower  its  tone  ;  and  that  something  of  this  kind  takes  place  during  niittiml 
vocaliiation,  would  appear  from  the  retraction  and  depression  of  the  (ougue, 
which  accompany  the  lowering  of  the  front  of  the  head  when  the  very  lowcet 
notes  are  being  wounded.  The  experimeuts  of  Savart  have  shown,  thai  A 
cavity  which  only  res|Kinds  to  a  shrill  note,  when  its*  walls  are  firm  and  dry, 
may  be  made  to  afford  a  great  variety  of  lower  tones,  when  it:?  walb  are 
moistened  atid  relaxed  in  various  degrees**  This  observation  may  probably 
be  applied  al^o  to  the  trachea. 

700.  The  fakdlo  k  a  peculiar  modification  of  the  voice,  differing  from 
the  "  cJiest-voice/'  not  merely  in  the  higher  pitch  of  it^  not^,  but  al&o  in 
their  quality;  its  tones  being  le^^s  reedy,  and  more  like  the  ''harmonic 
notes"  of  stringed  and  wind  instruments.  In  some  individuals,  the  chest- 
voit*e  passes  by  imperceptible  gradations  into  the  fals^etto,  whilst  in  other* 
the  transition  is  abrupt ;  and  some  f)erson«i  can  sound  the  same  inUejs  in  the 
two  different  registers,  ihei^  notes  forming  the  upper  part  of  the  scale  of  the 
ebest- voice,  and  the  lower  part  of  the  falsetto,* — With  regard  to  the  theory 
of  the  production  of  the  falsetto- voice,  there  has  been  considerable  differ* 
ence  of  opinion  amongst  Physiologists;  and  it  cantiot  be  regarded  as  fully 
determined.  By  M age n die  and  Mayo  il  was  maintained  that  tbe«e  toati 
are  produced  by  the  vibration  of  the  vocal  cords  along  only  part  of  their 
lengthy  the  rima  glottidis  being  partly  closed ;  and  this  explanation  U  oon- 
sisteut  with  the  fact^  that  a  far  smaller  quantity  of  air  is  required  for  iom-^ 
taining  a  falsetto  note,  than  for  a  note  of  the  ordinary  register,  even  tboagh 
they  should  be  of  the  same  pitch.  By  Muller  and  Garcia,*  again,  k  ia 
asserted  that  in  the  prwJuction  of  the  falsetto  notes,  merely  the  thin  lionief 
of  the  glottis  vibrates,  since  the  fibrea  of  the  lateral  crico*arytenold  inuacle 
remains  inactive,  whilst  the  lips  of  the  glottis,  stretched  by  the  boriiont&l 
bundle  of  the  thyro-arytenoid,  come  in  contact  by  their  edge  alone,  and 
offer  little  resistance  to  the  air.  In  the  chest- voicc^  on  the  contrary,  the 
contraction  of  the  lateral  crico-arytenoids  gives  a  rotatory  movement  to  the 
cartilages,  and  increases  the  depth  of  the  surface  of  contact  of  the  two  liga- 
ments, and  it  is  to  this  circumstance  that  the  peculiar  amplitude  of  the  tuM 
of  the  chest- register  is  attributable.  Mandl  has  demonst rated  that  both 
these  doctrines  are  correct ;  and  that  in  the  production  of  falsetto  not^s,  the 
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'  ThuB  a  genllemiin  of  the  Aothor^t  Hcqaumtiince  hm  i  fmw  voic<!  of  «  Ji»i»^'i 
chnrHelpr^  rHhging  rrom  |h«  £)  bolow  the  bHM  ulcf  to  the  D  iihovo  if  (iwi^ 
whilut  his  fnlj-L-llo,  whii^h  is  remiirkKhk*  frir  \U  i-leHrr****  Knd  S!m«Milhli€«s,  run 
the  A  i>n  the  bi^heiit  line  r>r  the  baf^  vU(  to  thi*  E  in  the  bightH^t  fpuci?  of  tJie  trebW- J 
clef.  Hi^nee  there  Hre  five  nf>ti*s  common  Uy  the  two  regiatep*^  nnd  ihe  i-nlitv  vok*  ] 
rangea  thrcmgh  more  tiuin  threo  tKMAvei  ;  hut  irtim  wnrit  of  n  grnduHl  fm^f^a^p  from  ' 
one  tti  ihe  mhePt  this  irt^ntteniHit  can  only  iin^  bn&i  piirU  with  lij:^  cbes UVi*W,  or  tlto  I 
pHri!»  with  his  rnUeito,  the  tenor  «cale  eittendiiig  abow  the  rnnge  iff  un*%  and  brl^* 
Ihflt  i*f  the  fiih<*r. 

'  ProceedingB  of  the  Royal  Society,  voh  vii,  p.  108 
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fal?e  or  upper  vocal  c<irds  apply  themselves  to  the  true  vocal  cords  in  fronts 
behiud,  and  to  the  sides,  m  that  the  middle  portion  of  the  true  cord.«  alone 
vibrates  J  iv'hilst  by  the  contraction  of  the  arytenoidei  muscles  the  cords  are 
brought  into  close  apposition*  with  each  other  for  part  of  their  length,  their 
thin  edi^es  only  being  in  vibration  m  the  i"cmaincfer.  It  has  been  pointed 
out  by  Mr  Bishop  (Joe.  eit,  ^  that  at  the  moment  of  transition  from  tbe 
"  chest-voice  "  to  the  "  fal setto- voice,"  the  crlco-thyroid  chink,  which  was 
closed  during  the  production  of  the  highest  note  of  the  former,  iiuddenly 
opens  on  the  production  of  the  lowest  note  of  the  latt-er;  thus  indicatiog 
that  the  vocal  cords  are  r€ia:r€d  in  the  passage  from  the  one  to  the  other,  bb 
must  be  the  case,  if,  for  the  production  of  the  same  note,  they  be  only  put 
in  vibration  along  a  part  of  their  length  ;  so  that  it  would  not  neem  tm- 
probable  that  the  cause  of  those  differences  in  the  mtKie  of  tmnsition  which 
have  been  alreadv  noticed,  lie*  in  ihe  differences  in  the  proportional  amount 
of  the  votm.1  cords  which  is  thus  thrown  out  of  use  by  the  partial  approxi- 
mation of  the  two  lips  of  the  rima  glottidij?.  It  is  further  remarked  by  Mr. 
Bishop,  that,  in  the  papflage  from  the  chest  to  the  falsetto- voice,  the  larynx 
descends  from  its  previously  elevated  position,  and  gradually  rises  again 
with  the  ascending  scale  of  Jalsetto  notes;  and  he  mentions  a  case  of  donbk 
faUetttt,  in  which  a  third  regbter  existed,  and  in  which  the  relaxation  of  the 
vocal  cords  and  tbe  de«=cent  of  the  larynx  were  observed  at  its  commeuce- 
ment,  as  at  the  commem*ement  of  the  second  or  ordinary  falsetto  register** 
The  prea^ure  of  the  air  within  the  Trachea  during  the  production  of  voice 
is  couBiderable.  Cagniard  de  La  tour  observed  in  a  man  with  a  tracheal 
fii^tula,  that  the  pressure  indicated  by  a  manometer  when  the  patient  called 
out  at  the  top  of  his  voice,  was  equal  to  a  column  of  water  38  inches  in 
height ;  when  he  spoke  at  his  usual  pitch,  to  one  of  5  inches  j  and  when  he 
sang  a  high  note^  to  one  of  about  S  inches.  The  deepest  notes  the  human 
Larynx  is  capable  of  producing  have  about  80  double  vibrations  in  the  sec- 
and,  the  highest  about  992;  the  former  occurring  in  bass,  the  latter  m 
fioprano  voices.  Donders"  gives  the  limits  at  44  vibrations,  corresponding 
to  the  F  of  the  lowest  bass  voice,  and  1408  for  the  highest  note  correspond- 
ing to  the  highest/'"  of  thesoprano^  which  includes  five  octaves. 

70 L  The  various  muscular  actions  which  are  employed  in  the  produc- 
tion and  regulation  of  the  Voice,  are  called  fortb  by  an  impulse  which  has 
been  shown  (§§  537,  542)  to  be  really  mdonmtle  in  its  operation,  and  to  be 
completely  under  the  influence  of  guiding  sensations,  all  hough  usually  orig- 
inating in  a  Volitional  determination,  or  giving  expressiou  to  Emotions  or 
simply  to  Ideas,  This,  however,  has  been  proved  to  be  also  true  of  fjU  Vo- 
litional movements;  so  that  the  prwluction  of  vocal  tones  eoostituten  no  real 
exception.  It  may  be  safely  affirmed  that  the  simple  utterance  of  sounds  is 
in  itself  an  Instinctive  act;  although  the  combination  of  these,  whether  into 
music  or  into  articulate  language,  is  a  matterof  acquire  men  t,  which  is  much 
more  readily  made  by  some  Individuals  than  by  others.    No  definite  tone 

*  Sl^e  h1*u  Ch*  BhIaiUp^  Nouv*  Kcth.  Mir  Ih  Phtm»tM>iij  PHri»,  18tiL 
i  An  tfTjtiniljr  diflTen-Dt  lhiH>rv  of  tbe  fjilPfUo  Bhr  bi-en  givpn,  bciwev^Pi  by  MM* 
FStr«^quin  and  Didny  (UhzcIIq  M£ciiotk\  1844),  who  consider  llml  the  fiil§<-tto  notet 
M re  nut  produced  by  tbe  vibrftticm  of  the  vix^ivl  curds,  bill  are  renlly  "  flutt*-riutes," 
foprnvd  by  the  vibriitit*ns  of  ihe  ecilunm  nf  oir  In  whioh  ihv  Hmn  ^lottidis  then  ?ervea 
tiB  tht^  6tJilM>ucbute,  ThU  vii'W  hnrtnnt\iito%  well  with  ftume  of  tbe  pbemifiit'Tw  of  tb« 
fflls-rtto  vfMce  ;  but  it  is  open  li>  the  objf^etiuns  alrt^mly  sti4tf:>d  in  rt|;iirtl  lo  the  fluie 
theory  K*?n(?rally-  It  may  be  add«'d  thnl  pi»mH  bwve  altenvpled  to  i-huw  that  tlie  fttl- 
fptto  depends  Upon  a  pt'culinr  nctjon  gf  tbf*  {mfU  sbote  the  lurynx  ;  but  fur  this  doo- 
irine  thero  h  no  foundiiiion  whale v<*r. 

'  Dr.  Mocire*K  Tran^liiUon  in  Humphry  anil  Turner^a  Journ.  of  Anat.  and  Phyii- 
dogyj  vol.  i,  1867,  p.  173, 
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cnn  be  produced  by  a  Vol ud tar)*  effort,  unless  tUat  tone  be  pre? 
uonscicjusuess  during  au  iutervnl — however  momeutary — either 
diately  produced  by  an  act  of  Sematioa,  recalled  by  au  act  of  CVinceptioUp 
or  anticipated  by  an  effort  of  the  ImagioatioiL  Wbeti  thus  p resent »  the 
Will  can  enable  the  muscles  toasinume  the  conditiou  requisite  to  produce  it; 
but  under  do  other  circumstances  does  this  happeo^  ext^ept  through  the  par- 
ticular mode  of  discipline  by  which  the  eongcui tally  deaf  may  bo  trained 
to  speak-  Such  persons  are  debarred  from  learning  the  use  af  Voice  in  the 
ordinary  manner;  for  the  necessary  guidance  canuot  he  afforded,  either 
th rough  sensations  of  the  present  or  conceptions  of  the  past^  and  the  imagi* 
nation  is  entirely  destitute  of  power  to  suggest  that  which  ha;^  been  in  no 
shape  experienced.  But  they  may  be  taught  to  acquire  au  imperfect  speech, 
by  causing  theiu  to  imitate  fmrticular  muscular  movement3,  whicb  they  may 
be  made  to  see;  l)eing  guided  iu  tLe  imitation  of  thoi^e  mavemeat^,  in  tJbe 
first  piace  by  watching  their  own  performance  of  them  in  a  lookiiig^glaA^ 
and  atWr wards  by  attending  to  the  muscular  sensations  which  accompanf 
them.  Many  instances,  indeed >  are  on  record,  in  which  persona  eotirdy 
deaf  were  enabled  to  carry  on  a  conversation  in  the  regular  way ;  judging 
of  what  was  said  by  the  movements  of  the  lips  and  tongue^  which  they  haS 
learned  to  connect  with  particular  syllables;  and  regulating  their  owe  voieei 
iu  reply,  by  their  voluntary  power,  guided  iu  its  exercise  by  their  muaciilar 
sensations.^ 

2,  Of  Arttmiaie  SQunds, 

702.  The  larynx,  as  now  de^ribed,  is  capable  of  producing  thofid  ] 
which  Voice  fundamental  I  y  coosisl^,  and  the  sequence  of  which 
Music;  but  Speech  consists  In  the  moditication  of  the  laryngeal  loue»,  by 
other  organs  intervening  between  the  Glottis  and  the  Os  externum,  so  as  to 
proiluce  those  articuhte  mnmh  of  which  language  is  formed «  It  eaciiiot  be 
questioned  that  Music  has  its  language;  and  that  it  is  susceptible  of  ex presa- 
ing  Emotional  states  of  the  nuud  (among  those,  at  least,  who  have  been  ac- 
customed to  associate  these  with  its  varied  modes)  to  even  a  hij^her  degrei 
than  articulate  speech-  But  it  is  incapable  of  add  reding  the  Intellect,  by 
conveying  definite  ideas  of  objects,  properties,  actions^  etc.,  in  any  other  way 
than  by  a  kind  of  imitation^  which  may  be  compared  to  the  signs  used  ia 
hieroglyphic  writing.  The^e  ideas  it  is  the  peculiar  province  of  Articulate 
Language  to  convey  ;  and  we  tind  that  the  vocal  organ  is  adapted  to  fonn  a 
large  number  of  simple  sounds,  which  may  be  readily  combined  iiito  gruupsy 
fo r m i n g  wo rds.  The  n  u  m  be r  of  co m  bi  n ati o u s  w h ieh  can  be  th  u s  p rod  u et?d  is  so 
inexhaustible,  that  every  language  has  its  own  peculiar  serieg^;  no  diHieulty 
being  found  in  forming  new  ones  to  express  new  ideas.  There  is  oona^ider- 
able  diversity  in  different  languages,  even  with  regard  to  the  use  of  the 
simplest  of  these  combinations;  some  of  them  are  mare  easy  of  f\>rmaiioii 
than  others^  and  these  accordingly  enter  into  the  composition  of  all  lan- 
guages; whilst  of  the  more  difficult  ones,  some  are  employed  in  one  lao* 
guage,  some  in  another — no  one  language  pogaessing  them  all.  Without 
entering  into  any  detailed  account  of  the  mechanism  required  to  pruduoe 
each  of  these  simple  sounds,  a  few  general  coDsiderations  will  be  offerer!  in 
regard  to  the  classification  of  them ;  and  the  peculiar  defect  of  articuUtioa 
termed  Stmnmering  will  be  briefly  treated  of, 

703.  Vocal  sounds  are  divided  into  Vowels  and  Consonants;  and  the  tlis- 
tinctive  characters  of  these  are  usually  considered  to  be,  that  the  Vowels  are 
produced  by  the  Voice  alone,  whilst  the  sound  of  the  Consouacit  is  forttied 
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hy  S4>me  kind  of  inter ruptroo  to  the  voice,  so  tliat  they  cjiiinot  be  properly 
expresj^ed  unless  conjoined  with  a  voweL  The  distinetion  may  be  more  cor- 
rectly laid  down,  however,  in  this  manner:  the  Vowel-;iounds  are  etintinuous 
tone^,  modified  by  the  form  of  the  aperture  through  which  they  pass  out; 
whilst  in  sounding  Consonants  the  breath  suffers  a  more  or  less  complete  in- 
terruption in  its  passage  through  parts  anterior  to  the  larynx.  Hence  the 
really  simple  Vowel-sounds  are  capable  of  prolongation  during  any  time 
that  the  breath  can  sustain  them ;  this  is  not  the  case,  however,  wiih  the 
real  Diphthongal  sounds  (of  which  it  will  presently  appear  that  the  Eug- 
lish  t  is  one ) ;  whilst  it  is  true  of  some  Consonants*  It  seems  to  have  been 
forgotten  by  many  of  those  who  have  written  upon  this  subject,  that  the  laryn- 
geal voice  is  not  essential  to  the  formation  of  either  vowels  or  consonuntej 
ibr  all  may  be  sounded  in  a  whis[>er.  It  is  very  evident,  therefore,  that  the 
larynx  is  not  primarily  concerned  in  their  priniuction  ;  and  this  ha*  bten 
fully  established  by  the  following  experiment.  A  flexible  tube  was  intro- 
duced by  M.  Deleau  through  his  nostril  into  the  pharynx,  and  air  was  im- 
pelled by  it  into  the  fauces ;  then,  clo^iing  the  larynx,  be  threw  the  fauces 
mto  the  different  positions  requisite  ibr  producing  articulate  sounds,  when 
the  air  impelled  through  the  tube  became  an  audible  whisper.  The  experi- 
ment was  repeated,  with  thi^  variation, — thai  the  lar^-ngeal  s<Kinds  were  al- 
lowed to  pass  into  the  fauces;  and  each  articuhUetr letter  was  then  heard 
double,  in  a  proper  voice,  ami  in  a  whisper.  Obwrvatious^  made  by  Pro- 
fessor Moore  upon  those  who  jVotn  bo  me  cause  are  unable  to  transmit  the  air 
wbleh  hm  psmed  through  the  tracliea  and  aperture  of  the  glottiij  into  the 
mouth,  Imve  demonstniteil  (1)  that  the  lajyux  is  the  seat  of  vocalization  for 
the  voweb  H  in  all  its  forms,  i  long,  o  long,  and  the  pure  aspirate;  also  for 
the  short  vowels  which  are  to  some  extent  explosive,  as/insit,  oiunot,  and 
e  hi  err,  though  the  last  can  alno  be  made  in  the  front  part  of  the  niiiuth. 
With  the  exception  of  the  pum  brea thing  and  the  short  vowels  all  these 
sounds  receive  a  finish  in  the  pharyux,  nose,  and  mouth.  (2)  That  the 
vowels  ^  long  and  qo^  th<?  diphthong  eu,  which  is  made  up  of  these  two  ele- 
ments, atitl  all  the  cooBonant;i,  are  made  above  the  larynx, 

704,  That  the  Vowels  are  produced  by  simple  modifications  in  the  form 
of  the  external  pae^aees,  is  easily  proved  both  by  observation  and  by  imita- 
tive experiment.  When  the  mouth  is  opened  wide^  the  tongue  depressed, 
and  the  velum  palati  elevated,  so  as  to  give  the  freest  possible  exit  to  the 
voice,  the  vowel  a  in  its  broadest  form  (as  iu  ah)  is  ^>unded,^  On  the  other 
hand,  if  the  oral  aperture  be  contracted,  the  tongue  being  still  depressed,  the 
sound  00  (the  Continental  w)  is  produced.  If  attention  be  paid  to  the  state 
of  the  buccal  cavity,  during  the  pronunciation  of  the  difierent  vowel  aoundsj 
it  will  be  found  to  undergo  a  great  variety  of  modifications,  arimng  from 
Yariclies  of  position  of  the  tongue,  the  cheeks,  the  lips,  and  velum  palati*  The 
position  of  the  tougue  is,  indeed,  one  of  the  primary  conditioua  of  the  varia* 
tion  of  the  sound  ;  for  it  may  be  easily  ascertained  that,  by  peculiar  inflex- 
ions of  this  organ,  a  great  diversity  of  vowel  soumk  may  be  produced,  the 
other  parts  remaining  the  same,  Htill  there  is  a  certain  position  of  all  the 
parts,  which  is  most  favorable  to  the  formation  of  each  of  these  sounds  ;  but 
this  could  not  be  expressed  without  a  lengthened  description.  The  follow- 
ing table,  slightly  altered  from  that  of  Kempelen,  expresses  the  relative  di- 
mensions of  the  buccal  cavity  and  of  the  orifice  for  some  of  the  principal  of 

*  See  llie  lak'reiiting  pAp^r  of  Praf.  E.  M.  Moore,  New  York  Mediesl  Bccord,  vol. 
vii,  IS72,  p.  49. 

*  Tbia  si.»und  of  the  vowel  «  h  fCHfce^y  u&ed  in  our  iHnguagp,  tbnu^h  very  ctjmmon 
in  most  Cff  the  Continentid  itynguofi ;  iliu  rjejirost  «pproach  to  it  in  English  iii  th(#  a  in 
fvkti  but  thia  h  a  very  p«r(;cptihle  a>adi6c»LLonf  lending  towards  an. 


858 


OF    THE    VOICE    AKD    SPEECH. 


the.se:  the  Dumber  5  expressing  the  larg^  size,  and  the  others  ia  like 
portion: 

Vowel.  Boiiod.  BAmt  df  or«t  oprntng. 

a »i  in  fflA &      .     . 

IV      .     *     .     «     »  M  in  nome      ^     ....     4      .     . 

e      .     ^     ,    .    .  hftin  Uitttne 3      .     . 

0 HS  in  f^M  ,.,,,,    2     ,     , 

oo    .     .     ,     .     ,  ae  in  cttol  ...,*,     1      .    . 


These  are  the  sounds  of  the  five  vowels,  a,  e,  i,  o,  «,  in  most  CotiliEtejitJ  ^ 
lunguagei*;  and  it  cannot  but  be  aduiitted  that  the  arrangeui**nt  t:^  a  much 
more  imtural  one  than   that  of  our  own  vowel  series.     The  V      '  hits, 

i\\  ree  d  m  i  n <*t  ?:o u n d j^  ea pab I e  o f  ]3 ro  1  onga lion  ;^^t h e  t ni e  broa d  «  ■  .  _  li tly 

modified  in  Jar;  the  a  of /o/t%  corresponding  to  the  e  of  French  ;  wad  the  «j 
of  fail,  which  shtmld  be  really  represented  Uyatt,     This  last  isasim|>le  sound,, 
thongh  commonly  reckoned  a§  a  diphthong.     In  Kempelen's  $c^h%  tb^  oml 
orifice  required  to  produce  it  would  be  about  3,  and  ihe  si^e  of  the  bueeal 
cavity  4^     On  the  other  hand,  the  sound  of  the  English  i  cannot,  like  that] 
of  a  true  vowel,  be  prolonged  ad  llhitum;  it  is  in  fact  a  sort  of  diphthong*  re-j 
gulting  from  the  transition  frcmi  a  peculiar  indefinite  murmur  to  the  f^ound 
of  c,  whieh  takes  its  plaee  when  we  attempt  to  continue  it     The  sound  ^  I 
or  01,  as  in  oU,  is  a  good  example  of  the  true  diphthong;  being  prcwlnced  by] 
the  transition  from  an  to  e.     In  the  same  manner,  the  diphthong  tm  whkh 
is  the  .^ame  with  ow  iu  owl^  is  produ^^ed  in  the  rapid  transition  from  the  brcoid  j 
a  of  ah,  to  the  oa  of  cool. — Much  di.scnssion  has  taken  place  as  to  the  true] 
chararter  f>f  i/,  when  it  commences  a  word,  as  in  yet,  yawl,  etfv^  ^}m«^  hav- 
ing muiulained  that  it  is  a  consonant  (for  the  very  unsatisfactory  reason 
that  we  are  in  the  habit  of  employing  a  mther  than  an,  when  we  desire  to 

f^refix  the  indefiniic  article  in  such  words),  whilst  others  reg:a rd  it  as  a  pecu- 
iar  vowel.     A  slight  attention  to  the  possition  of  the  vocal  orgaos  during  iti] 
pronunciation,  makes  it  very  clear  that  its  sound  in  such  words  really  cofir- 
Bponds  with  that  of  the  long  (English)  e;  the  pronunciation  of  the  word , 
yawl  being  the  same  m  that  of  euul,  when  the-fir&t  sound  is  not  prolongedJ 
but  rapidly  traoj^furmed  into  the  second.     The  sound  of  the  letter  u\  more* 
over,  is  really  of  the  %^owel  character,  being  formed  in  the  mpiti  transitioa  | 
from  oo  to  the  succeeding  vov^^el;  thus  wall  might  be  spelt  ooaL     Many  simi* 
Iar  difficulties  might  be  removed,  and  the  conformity  between  spoken  and] 
written  language  might  be  greatly  increased  (so  m  to  render  tiir  more  eiMj  ^ 
the  acquirement  of  the  former  from  the  latter),  bv  due  attention  to  the  st»ti 
of  the  vocal  organs  in  the  production  of  the  simple  sound?. 

70.">,  It  is  not  very  difiicult  to  produce  a  tolerably  good  artiticial  imita- 
tion of  the  Vrpwel  sounds.  The  method  adopted  by  Helmholtz  of  e*>mbiniiig 
the  fundamental  note  with  various  harmonics  for  each  vowel  has  been  alreid|' 
reierrcd  to  (S  640).  By  Kem|>elen  it  wass  accomplished  by  means  of  an  In- 
dia-rnl^her  ball,  with  an  orifice  at  each  end,  of  which  the  lower  one  ww 
attached  to  a  reed ;  by  modifying  the  form  of  the  ball,  the  difremnt  voweli 
couid  be  sounded  during  the  action  of  the  reed.     He 


employeii 


^  The  short  vowel  iouods,  as  a  in  fiit|  €  in  met,  o  in  pot,  ete.,  ure  not  cxfwbk  dI| 

prDlorigHtion.  ^  ( 

•  The  mode  of  making  a  deter minnlioti  of  this  kind  may  her©  Iw  givpn,  f«?  th*  I 
£Ake  of  PXMinpk«.     If  the  hm^d  &  he  fioundrd,  Ihp  mouth  unci  faucc«  bi>i!. 
widt",  Ht)d  wc!  con  tract  lln^  ornl  oHtlcB  liy  duj^refts,  At  tlit?  suma  lime  ^liichtly 
the  point  of  the  tongue,  we  >ir«duw!ly  cnnn?  to  tlm  iound  oC  au;  by  nit  I  tutu^yj  r'-w 
tract! ng  the  ontlce,  nnd  tti;ion  dcprc*&mg  the  tongue,  we  form  o*>.     On  ih**  Mitwf 
hiind,  in  noundmge,  the  tongue  it  miaed  nvarly  lo  tho  POof  of  itie  niuutb;  if  it  b^ 
depressed,  wlthuut  the  poiition  of  the  lijis  tn^tng  jiltcr«d,  su  ii  givca. 
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Kinnel-like  tube,  and  obtained  the  different  sounds  by  covering  its  wide 
opening  to  a  greater  or  less  extent.  This  last  experiment  has  been  repeated 
by  Mr.  Willis ;  who  has  also  found  that  the  vowel  sounds  might  be  imitated, 
Wf  drawing  out  a  long  straight  tube  from  the  reed.  In  this  experiment  he 
arrived  at  a  curious  result :  with  a  tube  of  a  certain  length,  the  series  of 
Towels,  1,  e,  a,  o,  m,  was  obtained  by  gradually  drawing  it  out ;  but'  if  the 
length  was  increased  to  a  certain  point,  a  further  gradual  increase  would 
produce  the  same  sequence  in  an  inverted  order,  n,  o,  a,  e,  i;  a  still  further 
increase  would  produce  a  return  to  the  first  scale,  and  so  on.  When  the 
pitch  of  the  reed  was  high,  and  the  pipe  short,  it  was  found  that  the  vowels 
•  nnd  u  could  not  be  distinctly  formed, — the  proper  tone  being  injured  by 
the  elongation  of  the  pipe  necessary  to  produce  them ;  and  this,  Mr.  Willis 
remarks,  is  exactly  the  case  in  the  Human  voice,  most  singers  being  unable 
to  pronounce  u  and  o  upon  their  highest  notes. 

706.  The  most  natural  primary  division  of  the  Consonants,  is  into  those 
which  require  a  total  stoppage  of  the  breath  at  the  moment  previous  to  their 
being  pronounced,  and  which,  therefore,  cannot  be  prolonged  ;  and  those  in 
pronouncing  which  the  interruption  is  partial,  and  which  can,  like  the  vowel 
MMinds,  be  prolonged  ad  libitum.  The  former  have  received  the  designation 
€i  expUmve;  and  the  latter  of  contvnions, — In  pronouncing  the  explosive 
eonsonants,  the  posterior  nares  are  completely  closed,  so  that  the  exit  of  air 
through  the  nose  is  altogether  prevented  ;  and  the  current  may  be  checked 
in  the  mouth  in  three  ways, — by  the  approximation  of  the  lips,— by  the 
approximation  of  the  point  of  the  tongue  to  the  front  of  the  palate, — and 
by  the  approximation  of  the  middle  of  the  tongue  to  the  arch  of  the  palate. 
In  the  first  of  these  modes  we  pronounce  the  letters  b  and  p ;  in  the  second 
d  and  t;  in  the  third,  the  hard  g  and  k.  The  difference  between  6,  d^  and  </, 
on  the  one  hand,  and  p,  f,  and  k^  on  the  other,  seems  to  depend  on  this, — 
that  in  the  former  group  the  approximating  surfaces  are  larger,  and  the 
breath  is  sent  through  them  more  strongly  at  the  moment  of  opening  than 
in  the  latter.  The  continuoxm  consonants  may  be  again  subdivided,  accord- 
ing to  the  degree  of  freedom  with  which  the  air  is  allowed  to  make  its  exit, 
and  the  compression  which  it  consequently  experiences,  i.  The  first  class 
includes  those  in  which  no  passage  of  air  take?  place  through  the  nose,  and 
in  which  the  parts  of  the  mouth  that  produce  the  sound  are  nearly  approxi- 
mated together,  so  that  the  compression  is  considerable.  This  is  the  ciise 
with  t?  and/,  which  are  produced  by  approximating  the  upper  incisors  to  the 
lower  lip,  and  which  stand  in  nearly  the  same  relation  to  each  other  as  that 
which  exists  between  d  and  t,  or  b  and  p.  The  sibilant  sounds,  z  and  «,  also 
stand  in  a  similar  relation  to  each  other ;  they  are  produced  by  the  passage 
of  air  between  the  point  of  the. tongue  and  the  front  of  the  palate,  the  teeth 
being  at  the  same  time  nearly  closed.  The  simple  sound  sh  is  formed  by 
narrowing  the  channel  between  the  dorsum  of  the  tongue  and  the  palate; 
the  former  being  elevated  towards  the  latter  through  a  considerable  part  of 
its  length.  If,  in  sounding  ^,  we  raise  the  point  of  the  tongue  a  very  little, 
80  as  to  touch  the  palate,  the  sound  of  t  is  evolved  ;  and  in  the  same  manner 
d  is  produced  from  z.  This  class  also  includes  the  th;  which,  being  a  per- 
fiectly  simple  sound,  ought  to  be  expressed  by  a  single  letter,  as  in  Greek, 
instead  of  by  two,  whose  combination  does  not  really  produce  anything  like 
it.  For  producing  this  sound,  the  point  of  the  tongue  is  applied  to  the  back 
of  the  incisors,  or  to  the  front  of  the  palate,  as  in  sounding  t ;  ^  but  whilst 

'  For  the  sake  of  proper  comparison,  this  letter  should  be  soundc-d  not  as  kny  but 
fey. 

•  Hence  it  is  easy  to  understand  the  substitution  of  t  or  </,  for  the  English  /A,  by 
foreigners. 
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there  is  coniplete  contact  of  the  tip,  the  air  is  allowed  to  pass  out  around  it — 1 

II.  lo  the  secand  class  of  coiUiuuous  con^miauts,  iucludini?  the  Jettera  m»  nj 
I,  and  r,  the  nostrils  are  not  clo&ed ;  and  the  air  thu^  undergoes  Tery  little] 
eompre!Si*iou,  even  though  the  pas^mge  of  air  through  the  oral  cavity  i!^almo!.t: 
or  completely  cheeked.     In  pnjnounclng  m  and  n,  the  hreath  passes  through 
the  nose  alone;  and  the  diflerence  of  the  sound  of  these  two  letters  inu^t  be  i 
due  to  the  variation  in  the  form  of  the  cavity  of  the  mouth,  which  act*  by 
resonauce.     The  letter  m  h  a  labial,  like  h;  but  in  the  former  the  nafiol 
pacisage  is  open,  the  mouth  remaining  closed,  whilst  in  the  latter  the  nom  m 
entirely  closed,  and  the  sound  is  formed  at  the  moment  of  openiug  the  mouth  ; 
hence  the  passage  from  tn  to  b  is  made  with  great  facility.     The  same  corre- 
spondence exiBtis  between  n  and  f,  or  n  and  ^  (the  particular  part  of  the  tou^e 
approximated  to  the  palate  not  being  of  much  consequence  iu  the  pronun- 
ciation of  n) ;  and  hence  it  is  that  the  traasitiou  from  n  to  t^  or  from  n  to  ^^ 
ia  »o  easy  that  the  com bi nations  nt  and  nff  are  found  abundantly  iu  moiit ' 
languages*     The  sound  of  Ha  produced  by  bringing  the  tip  of  the  tongue 
into  contact  with  the  palate,  and  allowing  the  air  to  escape  around  it,  at  the  . 
same  time  that  a  vocal  tone  is  generated  in  the  larynx;  it  diflera  therefore 
from  tk  in  the  position  at  which  the  ob^iti'uetion  is  interposed,  as  welt  a*  in  I 
the  slight  degree  of  compreisaion  of  the  air  which  it  involves.     The  »ouud  ofl 
the  letter  r  depends  on  an  absolute  vibration  of  the  point  of  tfi  ^  .  ia  f 
a  narrow  current  of  air  fm-ced  between  the  tongue  itself  and  t  .'- 

III.  The  founds  of  the  third  class  are  scarcely  to  he  termed  con iuuuuU,  since 
they  are  merely  Ofipimttom  caused  by  an  incK^ased  force  of  breath,  Thtee 
are  h,  and  the  guttural  ch'^  of  most  foreign  hinguages  (the  Greek  /),  The 
first  is  a  simple  aspiratiou  ;  the  second  an  aspiration  modified  by  the  eleva- 
tion of  the  tongue,  causing  a  slight  obstruction  to  the  pasjsage  of  air,  and  la 
increased  resonance  in  the  back  of  the  mouth*  The  sound  would  becoine 
either  1^  or  k,  if  the  tongue,  whilst  it  is  being  produced,  were  carried  up  U» 
t*avch  the  palate,* 

707.  These  distinctions  corae  to  be  of  much  Importance,  when  we  apiilf  | 
ouraelves  to  the  treatment  of  defects  of  articulation.   Great  m  is  Uie  nuniW 
of  nmscles  employed  in  the  production  of  definite  vocal  rounds,  the  unmtter  [ 
ia  much  greater  tor  tho^e  of  articulate  latiguage  ;  and  the  varieties  of  ciitn- 
bination  which  we  ure  continually  forming  urj consciously  to  ourseh*^  would  I 
not  be  suspeeted  without  a  minute  analysis  of  the  separate  actions,     Thu*, 
when  we  utter  the  ex|)h>sive  sounds,  we  check   the  passage  of  air  thmtifh 
the  posterior  narea  in  the  very  aet  of  articulatiug  the  letter;  and  yet  this 
important  nivjvement  eommuuly  pasBe^  unobserved. — We  must  regard  the 
power  of  forming  the  several  articulate  sounds  which  have  been  adverted  Un 
and  their  simple  comhinationg,  aa  so  far  resulting  from  intuition,  that  it  ctm 
in  general  be  more  readily  acquired  by  early  pmctlce  than  other  actions  of 
the  same  complexity  ;  hut  we  find  that  annrng  dtflerent  Races  of  Men,  there  , 
exist  tendencies  to  the  production  of  different  sounds,  which,  though  doubt- 
less influenced  in  great  degree  by  early  habit  (since  we  find  that  childrvUr  ^ 
when  first  learning  to  speak,  form  their  habits  of  vocalization  in  grent  de- 


^  Dond^rs  dpfcrib^*^  no  l«s«  ttinn  four  niud«s  in  which  the  letter  r  eAn  b«  inad«t 
1,  by  the  Up* ;  2^  by  ttjo  tongiip  [  3,  by  th«?  uvula  ;  and  4,  by  iome  f«jirl  b^twivn  Uiii 
ond  theehordjB  vi>cMles,  The  r  its  nrdirninly  but  dii^linctly  proo<junt?ed^  i»  prcidiux'd 
by  about  thirty  vibrations  uf  the  tongue  in  the  leeoud-  Tb«  uvultir  r  hj  from  nioc^ 
teen  to  twt>nij- eight. 

'  The  EngUf^h  cA  h  merely  ft  combination  of  t  with  sh  ;  thus  chim€  might  he  *pf)t 

'  Tb&  general  ck^^iOcation  proposed  by  Br.  Murfihall  Hall  htti  been  bort  nJopteif 
with  some  modittcntian  »?  to  the  detftib* 
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gree  In  accordance  with  the  examjiles  amitkt  which  they  are  placed),  are 
ceHaialy  also  dependetit  in  part  iipou  congenital  coiistitutioti ;  as  we  often 
gee  in  the  ca^e  of  duldren  anmng  oursielve.*,  who  grow  up  with  eertain  |>ecu- 
liarities  of  pronuncmtion,  not  thus  derived  from  imitation,  of  which  they  do 
not  seem  able  to  tlive^t  thenis^elves. 

708.  It  ia  in  want  of  power  to  combine,  the  different  muifcular  action!*  eon- 
eerned  in  voealiKtuion,  that  the  defect  termed  Stammer im^  ^sentiaUy  eon- 
sist,«.  Many  theories  regarding  the  nature  of  this  ijnf>edinient  have  been 
pro|io§ed  ;  and  there  can  be  little  donbt  that  it  may  be  attributed  to  a 
great  variety  of  exciting  canseti.  A  disordered  action  of  the  nervous  centres 
must,  however^  be  regarded  a?*  the  proximate  ean^e;  though  thiis  may  be  (to 
use  the  laitguage  of  Dr.  M*  Hall)  either  of  eenirk  or  of  ejrcentric  ongin,^ — 
that  19^  it  may  result  from  a  morbid  condition  of  the  ganglionic  centre,  or 
from  an  abnormal  imprecision  conveyed  through  its  afferent  nerves.  When 
of  centric  origin  (and  tbU  is  probably  the  mo,*t  general  case),  the  phenomena 
of  Stammering  and  Chorea  have  a  close  analogy  to  each  other;  in  fact, 
Btanimering  h  frecjuently  one  of  the  modc^  in  which  the  disordered  condition 
of  the  nervous  system  in  Chorea  manifest?  itpelf— It  is  in  the  pronunciation 
of  the  Consonant^  of  the  ej'phmve  class,  that  the  stammerer  experiences  the 
greatest  difficulty-  The  total  interruption  to  the  breath  which  they  occa- 
sion, frequently  becomes  quite  spasmodic;'  and  the  whole  frame  is  thrown 
into  the  most  distressing  semi-convulsive  movement,  until  relieved  by  ex* 
piratiou.  In  the  pronuueiatiou  of  the  eoittmuou^  Con5R)nants  of  the  first 
classj  the  stammerer  usually  prolongs  them  by  a  spasmodic  continuance  of  the 
same  action  \  and  there  is  in  consequence^  an  inipeded,  but  not  a  suspended 
respiration.  The  same  is*  the  case  with  the  I  and  r  in  the  second  class.  In 
proncjuncing  the  m  and  n^  on  the  other  hand,  as  well  a.^  the  aspirates  and 
vowels,  it  is  sometimes  observed  that  the  stammerer  prolongs  the  sound  by 
a  full  and  exhausting  expiration.  In  all  these  cases,  then,  it  seems  as  if  the 
muscular  sense  resulting  from  each  |mrtrcnlar  combination  of  acti^ms,  be- 
came the  stimulus  to  the  invohmtary  prolongation  of  that  state.  It  is  possi- 
ble that  the  defect  may  result,  in  tsome  instances^  from  nmlffjrmatitm  of  the 
parts  abont  the  tauees^  producing  an  abnormal  stimulus  of  thin  kind  In  fome 
particular  jKysitions  of  the  organ ;  and  snub  caseii  niny  ItG  really  benefited 
hy  an  operation  for  the  remt)val  of  these  parU,  But  the  effect  of  such  an 
ope  nit  ion  is  certainly  exerted  in  most  cases  through  the  m/>if/ of  the  patient; 
the  expectation  of  benefit  from  it  tending  to  Improve  his  command  over  the 
muscles  of  vocalization,  which  Emotionu!  excitement  always  impali^;  and 
the  improvement  is  usually  proportional  to  the  confidence  which  he  has  been 
led  to  feel  in  the  result.  The  sJightest  disturbance  af  the  feelings  is  sufficient 
in  m<.»st  stammerers  to  induce  a  complete  (lerturbation  of  the  vocal  powers; 
the  very  fear  that  stammering  will  occur,  particularly  under  circumstances 
which  render  it  peculiarly  annoying,  is  ollen  sntficient  to  bring  it  on  in  a 
pi'edi5|K>3ed  subject ;  and  the  tendency  to  consensual  imitation  ^oroetimes 
occasions  stammering,  in  individuals  (especial Jy  cbddren )  who  never  show 
the  ^slightest  tendency  to  it  except  when  they  witne^  the  difficulty  in  olhen?. 

709.  The  method  proposed  by  Dr.  Arnott  for  the  prevention  of  Stammer- 
ing,  consists  in  the  connection  of  all  the  words  by  a  vocal  intonation^  in  such 
a  manner  that  there  shall  never  be  an  entire  stoppage  of  the  breath.  It  is 
justly  remarked  by  Mtiller,  however,  that  although  this  plan  may  aflbrd 
some  benefit,  it  cannot  do  everything;  since  the  main  impediment  occurs  in 


'  By  Dr.  Arnutt  this  mlprryptirm  is  r^pri^^enteij  iis  taking  place  In  the  Iflryni  ; 
thill  •■urh  m  not  umtilty  ih*'  cftH%  thfl  Aitlbnr  btObves  tbat  h  htlle  utti'nLion  to  the 
ordinary  ph&iiaiiiphii  of  voice  will  6atis-frtctorlly  prove. 
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the  miildle  of  wordw  themselves.     One  important  remedial  mean:?,  on  wUIcli 
too  mueh  stress  eanuot  be  laid,  is  to  study  carefully  the  raeehauij^m  of  llie 
articulation  of  the  diffieuU  letters,  and  to  praetiee  their  pronunciatum  re- 
l»ejitedly,  slowly,  ami  atialytiailly.     The  patretit  would  at  fif^t  do  well  to 
practice  s^ntene*.^  from  which   tlve  explosive  consonants  are  omilt***! ;  hU 
chief  difficulty,  arisiii|r  from  the  .spasmodic  8U9j:>ension  of  the  expiratory  move- 
ment, being  tlitJ^  avoided.    Huvirjg  mai^tered  ihe^e,  he  may  pass  on  Ui  oiben*, , 
in  which  the  difficult  letters  are  ^fianngly  introduced;  and  may  finally  ao  I 
custom  himself  to  the  n^^e  of  ordinary  language.     One  of  the  chief  p«nnl^ 
to  be  aimed  at,  is  to  make  ihe  patient  feel  thai  Ue  han  eomnmnd  over  hisi  \ 
muscles  of  articulation ;  and  this  ia  be^t  done,  by  gradually  leading  him  , 
from  that  which  he  tind:^  he  euu  do,  to  that  which  he  fears  he  tnnnot.    The 
iact  that  stammering  people  are  able  iomng  their  words  better  than  to  ^ak  i 
them,  has  been  usually  explained  nu  the  8uppO!*itiou  that,  in  ringing,  the  | 
glottis  is  kept  open,  so  that  there  is  less  liability  to  spiismwlie  action ;  if, 
however,  as  here  maintaioctl,  the  spas?modic  action  is  not  in  the  larynx,  but  i 
in  the  velum  palati  and  the  muscles  of  articulation,  the  difference  must  Ixs  I 
due  to  the  direction  of  the  attention  rather  to  the  muscles  of  the  larynx  thati 
to  those  of  the  month* — One  of  the  most  important  objects  to  be  atmrd  at 
in  the  treatment  of  stjimmcriug,  consists  in  the  prevention  of  all  Etiicjti<»oil 
disturbance  in  connection  witb  the  act  of  Sjieeefi ;  and  this  requires  the  ex- 
ercii^e  of  the  voluntary  power  over  the  direction  of  the  thoughts,  in  the  fiil- 1 
lowing  modes;    1.  To  reduee  mental  emotion,  by  a  daily,  hourly,  habit  of^ 
mb®traeting  the  mind  from  the  subject  of  stammeringi  both  while  speakiag, 
and  at  other  times.     %  To  amid  ej^t*Uinf^  mental  emotion  by  attempting  uo- 
oeeajsarily  to  read  or  speak,  when  the  individual. is  conscious  that  he  shall 
Dot  be  able  to  [perform   these  actions  without  jjreat  distress.     Z*  To  f/ii/f^ 
mental  emotion,  by  taking  advantage  of  any  bttle  artiBce  to  escaf^  frum 
stammering,  ^o  long  as  the  artifice  continues  to  be  a  succe^ful  one, — Miirh 
may  frequently  be  done,  also,  by  constitutional  treatment,  adapted  to  improvt? 
the  gBneml  vigor  of  the  nervous  system,' 
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PUNCTIONS, 


710.  Of  the  raodas  in  which  the  Nervous  System  influences  the  Organic 

Functions,  a  great  part  have  been  already  considered  :  for  it  ban  lieeu  ^howu 
to  be  eoucerued  in  providing  the  mechanical  conditions^ either  imuHxiiate  of 
remote,  under  which  alone  these  functions  can  l>e  |>erformed  i  so  timt,  when 
itii  activity  ceases,  they  cannot  be  much  longer  maintained.  But  the  influ- 
enoe  of  the  Nervous  System  is  not  alone  exerted  upon  the  motor  or  ecjiitmc- 
tile  tissues  of  the  body;  for  there  is  good  evidence  that  it  ha^s  a  dire<?t  ojjeni- 
tion  up<in  the  molecular  changes  which  couiititute  the  funetioPd  of  Nutrition, 
Secretion,  etc.;  and  this  view  may  be  admitted  to  its  fullest  extcuit,  without 


I  5«e  on  the  fitihjc^ot  of  Stuinmerfng  and  its  Tr^utin^nti  «  uj^efjil  pnniuhlta  unte 
ihh  title,  by  Bucc.  Mod-  Oxan*,  1860;  iin<l  Mr,  lii^'liop'a  ireatiACf  Oa  AnicDfiU«S«.^ufiflt| 
And  on  the  Gauges  und  Cure*  of  ImpRdimeuts  of  Speech. 
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our  being  tbereby  led  to  regard  the  procasses  in  question  as  dependent  upon 
Nervous  agency, — a  doctrine  for  wnich  there  seems  no  valid  foundation. 
Throughout  the  animal  body,  it  may  be  observed  that,  the  more  Vejjetative 
the  nature  of  any  function,  the  less  is  it  under  the  influence  of  the  Nervous 
System,  save  where  thatiuHuence  is  required  to  bring  it  into  harmoity  with 
other  functions,  sometimes  by  exciting,  sometimes  by  cheeking,  and  some- 
times by  otherwise  modifying  them,  very  ntuch  in  the  way  that  a  rider 
Suides  and  controls  the  movements  of  his  horse. — It  is  evident  that  this  in- 
uence  must  be  principally  exerted  through  the  Stjmjxtthetic  or  Viavertd  sys- 
tem of  nerves,  since  a  large  proportion  of  the  organs  on  which  it  o|)erates 
are  supplied  by  no  other ;  and  hence  this  apparatus  has  been  commonly 
designated  the  "Nervous  system  of  orgnnw  life,"  as  distinguishing  it  from 
the  Cerebro-spinal  system,  which  is  the  "Nervous  system  of  «>*/»««/ life." 
There  is,  however,  no  such  parallelism  between  them  as  this  designation 
would  imply;  for  whilst  the  operations  of  the  Cerebro-Spiual  system  etaten- 
tialiy  constitute  the  Animal  life  of  the  individual,  those  of  the  8ym])athetic 
cannot  be  fairly  said  to  do  more  than  control  and  direct  those  of  Nutrition 
and  Secretion. — We  shall  now  inquire  into  the  structure  and  relations  of  the 
Sympathetic  System ;  and  shall  then  exantine  the  nature  of  the  actions 
wnicn  there  seems  reason  to  attribute  to  it. 

711.  Sympathetic  Xervom*  Syi*tem, — That  collection  of  scattered  but  mutu- 
ally connected  ganglia  and  nerves,  of  which  this  apparatus  is  made  up,  may 
be  rangeil  under  the  following  groups:  I.  The  isolated  ganglia  and  nerves 
in  immediate  connection  with  the  Viscera,  which  seem  to  be  the  chief  cen- 
tres of  the  system  ;  the.«e  form  three  ])rincipal  plexuses,  the  Oirdiac,  the 
Solar,  and  the  Ilypoyndrlc.  2.  The  <louble  chain  of  Prevertebral  ganglia, 
with  connecting  cords,  which  lies  in  front  of  the  Vertebral  column,  and 
which  communicates  on  the  one  hand  with  the  Spinal  nerves,  and  on  the 
other  with  the  before-named  plexus<^s.  Under  this  head  we  should  probably 
rank  the  minute  Cranial  ganglia,  which  are  situateil  in  the  neighborhood  of 
the  Organs  of  Sense,  and  in  immediate  connection  with  the  branches  of  the 
Fifth  pair  that  proceed  to  them  ;  these  are  the  ophthalmic,  otic,  spheno  pala- 
tine, and  Jinhma.tillary  ganglia.  3.  The  (j'tufjlla  on  the  posterior  roots  of  the 
Spinal  nerves ;  under  which  head  we  are  i)rol)ably  to  rank  not  only  the 
Ga^jferian  gangliim  of  the  Fifth  pair,  but  also  the  ganglia  near  the  roots  of 
the  Pneumogastric  and  Glosso-})haryngeal  nerves. — The  trunks  of  the  Sym- 
pathetic are  made  up  of  different  orders  of  fibres;  some  of  these  having 
their  central  termination  in  the  vesicular  matter  of  the  Sympathetic  ganglia 
themselves,  whilst  others  are  derived  from  the  Cerebro-spinal  system.  The 
former,  which  are  all  of  the  "gelatinous  kind,''*  are  most  abundant  in  the 
great  V isce nil  i)lex uses;  but  they  may  be  traced  from  the  prevertt?bral  ganglia 
into  the  Spinal  nerves,  part  of  them  proceeding  to  the  ganglia  on  their  pos- 
terior roots  (whence  fibres  are  given  ofl'that  mingle  with  their  .spinal  fibres), 
whilst  other  parts  enter  the  anterior  roots  and  mingle  with  their  fibres.  On 
the  other  hand,  the  latter,  which  are  of  the  "tubular"  kind,  are  derived  by 
the  same  cords  of  communication  (these  being  commonly  termed  the  "roots" 
of  the  Sympathetic,  but  being  really  commissural  bauils  that  bring  the  two 
systems  into  connection)  from  both  roots  of  tlu^  Spinal  nerves,  iin<I  pass 
through  the  prevertebral  ganglia  into  the  Sympathetic  system,  without  un- 
dei^ing  any  ostensible  change.   Thus  it  appears  that  the  Cerebro-spinal  and 


'  It  must  be  CHrofnIly  b«»rne  in  niiiu!.  that,  although  tho  proper  Syinjnitln'tic  tibri'S 
are  all  '*  gplHtinou?*/'  yet  tbnt  tbe  Ccrpbro-Siiinal  system  contain*  "  irclatiii(»us  " 
flbroit  of  its  own,  wbieh  are  v«»ry  abunrlant  in  >om('  |mrls.  An  necoiint  of  Kattncr's 
and  Uemnk'b  views  on  the  struetiiral  relations  of  the  prevertebral  ganglia,  will  be 
fuuud  in  the  Medico-Chirurgical  Keview,  1808. 
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Synipatlietic  systems  hiierpfudraie  one  another;  each  having'  il«  own 
of  ganglionic  centres^  atid  of  tnmks  cotioeoted  with  them  ;  but  each  ?p 
tmiLsmitting  xU  fibre.^  intr*  the  trunks  of  the  other,  m  m  to  be  f>eri|iberanT 
dit^trihuted  \vith  their  mm  locations.  Giannii^^i'  has  made  a  i?|>edal  sttidj 
of  the  rami  eommunicaiUejs  of  the  ^reat  Bympathetic  cord  in  Mammals  hr 
the  Wnllcrian  methfxl— that  is,  by  dividing  particiilar  roots  of  the  spiutl 
cord,  and  after  the  hip;^  of  a  certain  period  examining  the  rami  comnmui- 
cantes  microscopically  with  the  object  of  determining  whether  any,  and  if 
any,  what  amount  of  degeneration  of  the  nerve-fibres  had  takea  place. 
The  resuhi*  of  his  obsservations  arc  that,  with  the  excepliou  of  a  few  fibras, 
the  fibres  of  the  rami  com mun lean  tc^  are  entirely  deri%*ed  from  the  spinal  c©pd, 
or  at  lea^t  have  their  nutritive  centres  hi  the  ]>«:)sterior  spinal  ganglia,  and 
in  the  spinal  cord.  The  f^si:  exceptional  fibres  are  characterized  by  their 
great  delicacy  and  the  want  of  double  eon  ton  r;?^  and  pass  from  the  sympa- 
ibetic  ganglia  through  the  rami  to  the  root??  of  the  spinal  cord.  They  may 
be  entirely  absent.  The  number  of  motor  fibi^es  sent  by  the  spinal  cord  to 
the  Sympathetic  is  greater  than  the  number  of  sensory  fibres.  Giannuoi 
has  also  ascertained  that  the  trophic  influence  of  the  spinal  cord  extends 
along  the  nerves  derived  from  the  spinal  cord  after  they  have  traver^  a 
sympathetic  ganglion.  Arndt^  describes  the  ganglia  of  the  Sympathetic  m 
c<>m|Ktecd  of  an  apparently  homogeneous  matrix,  through  which  granules 
giving  off*  from  2  to  4  fine  process&s,  are  distributed.  Aecordiog  to  Frant- 
Siel,"  the  cells  of  the  sympathetic  and  of  the  spinal  ganglia  are  inveatt^  by 
a  capsule  of  connective  tissue  formed  by  an  expansion  of  the  neurijemma  of 
the  nerves,  which  is  lined  by  a  layer  of  pavement  epithelium.  Beale,  Arnold^ 
and  Cithers  describe  a  single  straight  fibre  emerging  from  the  nucleus  of  each 
!^ympalhetic  cell  (§  444),  and  a  spiral  fibre  that  appears  to  be  in  connection 
with  the  Mirfuce  of  (he  cell,  and  which,  after  winding  for  a  few  turns  ronnd 
the  straight  fibre,  pursues  an  opposite  direction  ;  such  cells  must  be  regarded 
as  bipolar  There  is  some  doubt  whether  the  cells  of  the  spinal  ganglia 
present  this  structure  or  not ;  Schwalbe*  and  Courvoisier^  having  auly  beea 
able  to  discover  one  fibre  originating  from  each  cell ;  the  cells  of  thes^e  gan- 
glia are  therefore  unipolar. 

712,  The  connections  and  distribution  of  the  prindpal  trunks  and  br&Dchei 
of  the  Sympathetic  &ygtem  may  tie  coneiaely  staled  as  follows ;  In  the  cef- 
vical  portion  of  the  sympathetic  the  presence  of  the  fallowing  nerve-fibrei 
apjK^ars  to  have  been  ^satisfactorily  demonstrated.*  1.  A^aso-motor  nerves  for 
the  correiifKjnding  half  of  the  head,  that  probably  arise  from  a  eenlre  sittt* 
ated  in  the  medulla  oblongata,  which  governs  the  tone  not  only  of  these  vet- 
sels,  but  of  the  entire  vascular  system  throughout  the  body.  This  ganglionic 
centre  is  eons^taiilly  in  action.  Its  influence  can  be  abolished  by  stn^iion  of 
the  spinal  cord  in  the  cervical  region,  and  may  he  reflectorially  depressed, 
as  Cyon  and  Ludwig  have  shown,  by  irritation  of  the  dcprc^ssor  nerve,  which 
is  a  centripetal  branch  of  the  vagus  (§§  242,  244,  245X  A  local  deprn^ssion 
of  its  influence  may  be  als^o  reflectorially  induced  by  irritation  of  the  sensory 
nerve  supplying  any  part/  whilst  its  action  may  be  excited  ihrmigh  the 
agency  of  carbonic  acid.  2.  Fibres  distributed  to  the  dllatof  pupitbi^  tJiat 
probably  arise  from  the  oculo-pupil  lary  or  cilio-epinal  centre,  seated  in  tlia 


'  Ridfrohe  esequUt*  ncl  jrtil^inctto  di  Fijiialoela  dcUu  R.  UnlviT?itji  di  i^ionA^  ISTi, 
,.  51.     Si-e  aUo  Mnyer,  Wien.  Akad.-SiU.-ber.,  lid.  livi,  Abtli.  Z,  p.  fi2. 
■  Si/hullx«^ft  Arch*iv  f.  Mic  A  nut,,  Bd,  3t,  p.  "208. 

»  Virchow'B  Arcliiv,  I8f>7,  p   6i9,  *  SchulUe^a  Arcbf r,  Bd*  It,  p.  la. 

*  Ibrd  ,  Bd.  ii,  p   13,  nnd  Bd.  U%  p   126. 
'  See  Hermimn,  Qrundri^.^  di-r  Pliyfioto|»i©,  18fl7,  p-  424. 
7  Ldven^  Ludwig>  ArbeUx*n  hu^  dor  Fb)*siulog.  Aiietult  zu  Lcipsig,  ISdl,  p.  \* 
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medulla  nblon^ta, — a  centre  that,  like  the  precedinpf,  is  in  a  constant  state 
of  activity,  and  is  influenced  in  a  manner  similar  to  the  respiratory  and  vaso- 
mctor  centres;  hence  in  dyspnoea  the  pupil  dilates,  and  the  vessels  distributed 
to  the  eye  contract.  3.  Secretory  fibres  for  the  salivary  glands,  irritation 
of  which  contracts  the  vessels  ami  modifies  the  characters  of  the  secretion, 
whilst  section  is  followed  by  dilatation  of  the  vessels.  4.  Fibres  possessing 
an  accelerating,  and  others  exerting  a  depressing  influence  on  the  heart. 
The  former,  according  to  MM.  E.  and  M.  Cyon,  emerge  by  the  third  branch 
of  the  inferior  cervical  ganglion  ;  whilst  the  first  and  second  branches  con- 
stitute the  roots  of  the  depressor  nerve.  5.  Fibres  passing  to  the  central 
oerebro-spinal  organs,  which  reflectorially  stimulate  the  nerves  retarding  the 
action  of  the  heart.  As  regards  the  thonicic  portion  of  the  sympathetic 
trunk.  Otto  Nasse*  and  Bernard  only  obtained  negative  results  from  its  di- 
▼ision  or  excitation.  The  su|)erior  thoracic  ganglion  gives  accelerator  fibres 
to  the  heart.  The  plexus  cardiacus,  arising  from  the  thoracic  sympathetic, 
also  receives  branches  from  the  vagus  and  the  depressor  nerves.  The  splanch- 
nic nerves,  which  arise  from  the  lower  six  thoracic  ganglia,  contain  fibn^s  exert- 
ing an  inhibitory,  and  others  exerting  an  exciting  influence"^  over  the  move- 
ments of  the  intestine;  secretory  fibres  acting  on  the  kidneys  (Bernard); 
vaso  motor  nerves  influencing  the  calibre  of  the  whole  abdominal  system  of 
vespels;'  and  lastly,  centri|)etal  fibres  exerting  reflectorially  an  inhibitory  in- 
fluence on  the  action  of  the  heart.  The  abdominal  jwrtion  gives  off*  numer- 
ous branches  which  aid  in  forming  the  c<eliac,  mesenteric,  renal,  suprarenal. 
Spermatic,  and  hypogastric  plexuses,  and  these,  when  irritated,  occasion  move- 
ments in  the  parts  to  which  they  are  distributed,  as  the  intestine  (small  and 
large),  bladder,  ureters,  uterus,  vesicula)  seminales,  spleen,  etc.,  partly  by 
their  direct  action  on  the  muscular  fibres,  partly  by  modifying  the  supply  of 
blood  to  them.*  Of  the  ophthalmic  ganglion  (§  400 K  the  branches  are  dis- 
tributed, not  merely  to  the  iris,  whose  radiating  fibres  are  made  to  contract 
through  their  instrumentality,  as  already  exi>lained  (§  (518);  but  also  to  the 
vascular  apparatus  of  the  eyeball,  and  especially  to  the  ciliary  processes, 
which  seem  to  posse.«s  a  sort  of  erectile  character.  The  oflr  ganglion,  which 
communicates  with  the  third  division  of  the  Fifth  pair  and  with  the  Glosso- 
pharyngeal, may  be  considered,  from  the  distribution  of  most  of  its  branches 
to  the  tensor  tympani  and  circumflcxus  palati  muscles,  as  ministering  to  the 
exercise  of  the  sense  of  Heariiig,  in  somewhat  the  same  mode  that  the  oph- 
thalmic ganglion  seems  to  do  to  that  of  vision  (§  (\-\i)).  The  aphruo-pahitine 
ganglion  (Fig.  250,/),  whose  connections  are  with  the  Fifth  and  the  Facial 
nerves,  seems  in  like  manner  to  minister,  by  the  distribution  of  its  branches 
on  the  mucous  niembrane  of  the  nasal  cavity  and  the  palate,  to  the  s(*nses  of 
Smell  ami  Taste.  It  has  been  shown  by  Prcvost*  to  be  purely  sensory  in 
its  function.  Of  the  auhmnj-iUnrii  ganglion,  which  also  is  chiefly  connected 
with  the  Fifth  and  the  Facial  nerves,  the  bninehes  proceed  almo>t  entirtly  to 
the  Submaxillarv  gland,  and  aci'ording  to  Pfliiger"  and  Palladino/  terminate 
in  the  gland-cells.  0.  The  fibres  which  arise  from  the  ganglia  on  the  pos- 
terior roots  of  the  Spinal  nerves  (if  really  belonging  to  the  Sympathetic  sys- 


>  E*!««ys  (»n  the  Phy«iol<»;ry  of  tlu*  MovcinoMtsi  of  Ihr-  Tntostiiio.     Puiiiplih't,  lh»Hj. 

'  Ptliii^JT,  Nhsiio,  Ifxv  cit.  Thf  sjiliinrhnii'  iHTvc^  (Hiddcr.  KrirluTt,  juhI  Diibois- 
Roymnnd's  Art-hiv.  18«»9,  p.  ATI)  in  tho  eat  (M»ntiiiri  tlirc*  kiinl«*  <»f  Hl)n'.-,  viz.,  1, 
Broad  nn'dulIntJ»d  flbn».«,  oftiMi  colloclod  into  fasciculi;  2,  Slender  nicdiillatcd  libres; 
8,  Slondor  Kfrnak's  flhn>s. 

*  V.  B«'/.oId,  Untor>uch.  passim   Cyon,  and  Ludwig,  Arbeiton,  etc  ,  1807. 

*  SiHj  Nh-jso.  I(k?.  cit. 

•  Hro\vn-St'»quurd'3  Archivea  do  Physioln^io.  torn,  i,  p   207. 

•  Loc.  cit.  "  '  Ab^tract  in  Central blatt,  1873,  p.  782. 
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tern)  taustbe  dlstnlyiited  along  with  the  b  ranches  proeeeditig  from  I  lie  tninlc* 
which  they  help  to  form ;  m  mij?-t  a\m  a  [lart  of  those  fibres  which  ar^  eent 
fixnn  the  proper  Sympathetic  ganglia  itito  the  roots  of  the  same  net v^,  a 
large  part  of  them,  however,  being  flbtributed  upon  the  bloodver^sek  of  the 
Spinal  (Jijrd  it^^lf, 

7lil  If,  then,  it  be  inquired  what  inferences  we  are  entitled  to  draw 
respet^titig  the  functions  of  the  Sympathetic  system  of  nenre^,  fnira  oor  1 
knowledge  of  its  Anatomical  distribution,  we  are  at  onee  juMitii^d  in  replr- 
iag  that  the  niuacidar  ti.^ue  which  directly  enters  into  the  furmatiuti  i»f  the 
vesj^els,  and  especially  of  the  smaller  arteries,  k  supplied  t\i*ientialiT  from 
this  source.     In  accordance  with  this,  it  is  found  that  exciuition  uf  the  ^ym- 
pathetic  nervous  ganglia,  whether  by  direct  or  refiex  irritation,  leads  to  Cf^o- 
tractirm  of  the  vessels,  and  consequent  diminution  in  the  activity  uf  all 
organic  processes,  «uch  as  secretiau,  nutrition,  growth,  and  development;  I 
thctr  paralysis,  as  is  wcH  seen  in  causes  of  section  of  the  cervical  ^ym[mtlieltc, 
discfosing  itself  by  the  establish  men  t  of  the  opposite  conditions-     Again,  il 
is  certain  that  a  large  proportion  of  the  Muscular  apimratns  which  directly 
ministers  to  the  Organic  functions, — that,  namely,  woich  surronnd^  the  ali- 
mentary canal  from  the  stomach  downwards,  with  the  gland-duci«  which  I 
open  into  it,  and  that,  also,  which  forms  the  walls  of  the  bladder  and  uteni*,  | 
of  ureters  and  Fallopian  tubes — recehr»  no  other  Jierroits  »uppit/:  and,  ooa- 
sequenlly,  that  of  wTialevcr  motor  influence  these  piarts  may  receive  from 
Mental  states  or  from  exritation  not  applied  to  themselves,  this  system  of 
uervcjs  must  be  the  channel.     The  same  may  be  said,  too,  in  regard  to  that 
greater  portion  of  tliefJlandular  apparatus^  which  is  exclusively  supplieil  by  J 
the  Sym pathetic  ut'rve,  and  clncfly  by  the  plexuses  that  einhniee  it^  blmxi- 1 
vessels;  since  any  such  alterations  in  its  rate  of  activity,  or  in  tlu-  thanu'* 
ter  of  its  prod  net,*,  as  depend  upon  conditions  of  Mind,  can  be  brought  al»oiit 
through  no  other  instrumentality* — It  is  not  a  little  remarkable,  however,  i 
that  those  portimis  of  the  Muscular  apparatus  of  Organic  life,  wbifh  mt*tj 
obviously  exhibit  in  their  action  the  influence  of  the  rfervous  fivntem,  hotlil 
in  their  respondence  to  emotional  states  and  in  their  ** sympathy  •'  with  di»-j 
turbance  in  other  functions, — uamely,  the  Heart  and  the  Biomajji, — ilerivwl 
a  considerable  part  of  their  nervous  sup[4y  directly  from  the  C^ej-ebro-^pinal ' 
system.     And  it  is  still  more  significant,  that  most  of  those  Glandn  ^ho^ 
function  is  occasional,  and  whoM>  states  of  activity  are  m<M?t  obvion^ly  influ* 
enced  by  affections  of  the  Mind,  ar«  sjiecially  supplied  by  Certlirohpinal 
nerves,  in  addition  to  the  Sympaihelic  plexuses  wfiich  ihey  lY'ceive  on  th« 
walls  of  their  bloodvessels:  thus,  the  Lachrymal  and  Salivary  glauil;*  inp 
mi  J)  plied  with  branches  of  the  Fifth  and  Facial  nerves:  and  the  ^lumniarv 
glands  by  branches  of  the  Intereostals.     It  cannot  but  Ik'  deemed  highly 
probable,  then,  from  this  circumstance  alone,  that  tht^  influence  (#f  iiieutal 
states  upon  the  function  of  Secretion  may  be  exerted  thixitigh  the  nerves  of 
the  CeiT'bro^spinal  system,  &s  well  a.**  through  those  of  the  Sy  in  pathetic. 

714  It  must  he  in  virtue  of  the  connections  of  the  Sympathetic  with  tho 
Cerebro-spinal  t^yetem,  that  the  partes  which  are  solely  supplied  with  nerv«« 
from  the  ibrmer,  are  cajwihle  of  transmitting  «*en.4ory  imiirebsionw  to  the  Stfu- 
gorium.     It  is  true  that,  under  ordinary  circumstant-es,  the^e  parts  are  iii- 
sensible:  that  is  impressions  made  upon  i  hem  do  not  travel  onward  *  thrangbl 
the  Spinal  Cord  to  the  Encephalon;  but  their  penBibility  i«  aentcdy  maai-] 
fested  in  morbid  elates,  in  which  the  impressions  seem  to  be  projmgated  ' 
further  than  ni^uah  in  virtue  of  their  greater  potency.     That  it  is  the  office 
of  the  ganglia  on  the  roots  of  the  Spinal  nervea  to  "cut  cifT  sensation,*'  liiElj 
is,  to  prevent  the  further  tratismissiou  of  sensory  impressions^  is*  an  old  doc-^ 
trine;  and  there  seems  much  reason  to  believe  that  this  may  be  elFecled  by 
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bhe  free  comrounication  between  one  ganglion-cell  nnd  another,  which  is 
3Btablish£d  through  the  vesicular  substance  of  a  ganglion,  so  that  the  whole 
Ibrce  of  ordinary  impressions  on  the  nerve- fibres  is  lost  in  diffusion  among 
bhe  rest  of  their  contents.  The  same  principle  seems  to  apply  to  the  motor 
fibres;  for  there  are  cases  which  show  that  when  fibres  obviously  belonging 
to  Cerebro-spiual  nerves  pass  through  Sympathetic  ganglia,  they  do  not  so 
rapidly  or  so  surely  transmit  motor  impulses,  as  when  they  have  no  such 
relation  to  ganglia/ 

715.  The  effects  of  section  and  of  galvanization  of  the  cut  extremities  of 
the  sympathetic  nerve  in  the  neck,  have  been  carefully  investigated  by  Ber- 
nard, Waller,  Brown-Sequard,'  and  others.  On  dividing  the  nerve,  the 
bloodvessels  of  that  side  of  the  head  dilate,  and  with  the  freer  current  of 
blood  which  is  then  established  through  the  capillaries,  an  increase  of  the 
rital  properties  of  all  the  tissues  on  the  same  side  of  the  head  is  associated. 
rhus  the  sensibility  of  the  retina  for  light  ap[>ears  to  be  augmented,  whence 
follow  contraction  of  the  pupil,  retraction  of  the  globe  of  the  eye,  partial 
doBure  of  the  eyelid,  and  projection  of  the  membrana  nidiians  (whore  pres- 
ent) with  increased  flow  of  tears.  The  temperature  and  sensibility  of  the 
skin,  and  the  cutaneous  secretions,  are  also  much  increased, — the  tempera- 
ture in  some  of  Dr.  Waller's  experiments^  rising  as  much  as  18^  Fahr.,  and 
the  skin  in  some  of  M.  Bernard's  being  bathed  with  perspiration.  The  color 
of  the  venous  blood  assumes  a  brighter  hue,  and  its  coagulation  is  more 
rapid.  The  muscles  res|)oud  more  readily  to  weak,  and  more  energetically 
to  strong  stimuli,  an<l  retain  their  irritability  longer;  rigor  mortis  conse- 
qnently  sets  in  more  slowly  and  endures  for  a  longer  period  ;  hypertroj)hy 
of  the  facial  bones  has  been  noticed  by  Schiff,  and  fienedikt*  has  observed  a 
■imilar  result  to  occur  in  certain  muscles;  whilst  it  further  appears  from 
Snellen's  researches*  that  even  the  inflammatory  and  reparative  processes,  as 
the  effusion  of  serum,  the  formation  of  pus,  ^he  absorption  of  effused  blood, 
and  tlie  cicatrization  of  wounds,  take  place  with  very  much  greater  energy 
nnd  rapidity.  On  the  contrary,  when  the  up|>er  cut  extremity  of  the  nerve 
ifl  galvanizt^d,  all  these  phenomena  are  reversed;  for  now,  as  a  consequence 
of  the  contraction  of  the  bl(M)dvessels  and  the  diminished  supply  of  bl(K>d 
which  ensues,  the  vital  properties  of  the  tissues  are  diminished,  the  pupil 
dilates,  the  eyelid  is  widely  opened,  the  temperature  and  sensibility  of  the 
parts  decrease,  the  contractile  power  of  the  muscles  is  less  strongly  marked, 
their  normal  galvanic  current  is  feeble,  and  cadaveric  rigidity  sets  in  quickly 
and  soon  passes  off,  putrefaction  immediately  supervening.  The  effects  pro- 
duced by  section  of  the  Symj)athetic  in  the  neck  are  much  more  strongly 
marked  when  the  cervical  ganglia  are  destroyed,  and  Bernard*  states  tliat 
dosely  similar  results  follow  section  of  the  Sympathetic  nerves  distributed 
to  the  ver^sels  of  the  extremities.  In  these  latter  experiments  he  iound  that 
divi«(ion  of  the  roots  of  the  spinal  nerves  within  the  spinal  canal,  though 
abolishing  sensation  and  motion  in  the  limb  beyond,  yet  produced  no  effect 
upon  its  temperature;  whilst  if  aflor  such  section  the  sciatic  or  brachial 
nerves  were  divided,  an  immediate  exaltation  of  tempe nit u re  ensued;  clearly 
showing  that  the  nerve-fibres  <levoted  to  the  conduction  of  sensory  and  motor 
impulses  issuing  from  the  spinal  cord  had  been  joined  by  a  third  set  of  fibres, 

>  Soe  Messrs.  Kirkes  and  Pa«;oi's  Ilnrulbook  of  Physi<>l(»«jy,  p.  42'). 

'  See  Lectures  on  the  Central  Nervous  System,  18G0,  lectuns  ix  and  x. 

»  Comj)tes  Kendus,  1853. 

«  Electro-therapie,  Wien,  1808,  p   88. 

•  H«*nle  and  MeissnerV  Bericht,  18')7,  p.  373. 

•  See  Gaz<>tte  Hebdomad.,  Aoiit,  18G2 ;  Comj)tcs  Kendus,  vol.  ii,  1862  ;  and  Journal 
de  la  Physiulogie,  vol.  v. 
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eiiher  proceeding  directly  from  the  jiyrnputhetie  ganglia,  or  thTOiigH  afi*l 
beyond  theite  from  some  part  of  the  eerebro-spinalBystem,  the  office  of  which 
is  to  preside  over  the  contraction  of  the  vessels  and  calonfif^tion,  A  further 
corroDoration  of  ihis  view  was  obtained  by  eK]>erinieuts  in  which  the  lumbar 
ganglia  of  the  Sympathetie  were  destroyed,  when  the  vascular  changea  aud 
^|he  increase  of  temperature  in  the  lower  limb  were  ot*serve*l  without  the 
ecurrence  of  any  paralysis,  Dr,  Waller^  has  showTi  that  some  of  the  tmnltA 
&f  irritation  of  the  cervienl  portion  of  the  sympathette  may  be  made  apparent 
daring  life  by  pressure  of  the  point  of  the  finger  behind  the  ratnus  of  the 
jaw,  though  they  are  asgiociated  with  other  phenomena  proceed ing  fn>m  irri- 
tation of  the  pneumogMtric.  The  more  important  symptoms  obSirved  were 
dy^pna^a,  cardiae  and  gas'tric  disturbance,  tingling  and  heat  of  the  ettr,  la^it* 
ing  for  npwanis  of  half  an  hour*  and  in  one  instanf^e  dilatation  foHowed  by 
contraction  of  the  pupih  Dr.  Waller'  ho^  also  ingeniously  sbowii  tht*  electa 
of  paralvi^is  of  the  vaso-motor  nerves  of  tlie  arm  in  the  living  body,  byap* 
plying  a  freezing  mixture  to  the  ulnar  uerve  at  the  elbow;  the  tfffect  in  llie 
iirfit  instance  being  to  produce  a  fall  of  temperature  equal  to  about  0,5°  C 
in  the  two  inner  fingers;  but  as  the  vaso-motor  nerves  became  paralyj&ed, 
the  temperature  gradual iy  rose  until  it  attaioed  a  height  of  from  5°  to  6^ 
CI  above  that  of  the  outer  fingers;  the  diiference  between  the  outer  and  ioaer 
fingers  appeared  to  be  partially  attributable  to  a  decrease  in  the  temperature 
of  the  former  as  well  as  to  an  inci-ease  in  that  of  the  latter,  owing  to  the 
diversion  of  part  of  the  blood  of  the  radial  into  the  ulnar  artery.  The  effects 
of  percutaneous  excitation  of  the  sympatheticj?  in  man  by  means  of  electricity 
are  very  slight,  consi siting  only,  accord iug  to  MM,  Euleuherg  and  Giittmaa/ 
of  an  almost  inappreciable  dilatation  of  the  pupil,  and  a  lowering  of  the 
frequency  of  the  pulse.  As  the  smaller  vesc?eVs  contract,  there  is  probably 
an  increai^e  of  pressure  in  the  larger  ones,  but  it  nnM  be  rememberet!  thai  it 
is  difficult  to  irritate  the  cer^iral  8ympathetic  withtnit  coincidentally  ex- 
citing the  vagUi? -depressor  nerve  of  Cyon,  the  laryngeal  nerve,  aud  descerndi'Ti* 
uoui,  which  may  materially  influence  the  result.  The  vaso-motor  nerves  of 
the  upper  extremity  do  not  proceed  from  the  spinal  cord,  in  comm<m  with 
the  ficnsori-motor  nerves  fortniug  the  brachial  plexus,  bat  issue  from  it  al  a 
much  lower  point,  namely,  between  the  third  aud  seventh  dt>r5*al  ncr%*iss. 
The  vaso* motor  nerveiJ  for  the  lower  extremities  spring  from  the  iidjoiniag 
dorsal  roots,  aud  not  from  tho^  which  ^rm  the  sciatic  plexus.  The  chief 
vaso<raotor  of  the  body  which  supplies  all  the  vessels  distributed  to  thrr  vis- 
cera is  the  eplauchnic  nerve,  and  by  reason  of  the  large  quantity  of  blW 
these  vessels  can  contain  the  sphmehnie  uerve  plays  the  prindpal  part  ia 
the  distribution  of  the  blood  generally  in  th*^  btKly/  If  it  be  irritate*!^  the 
blood  is  driven  in  large  qnantity  into  the  vessels  of  the  head  and  liinlie, 
whilst  if  it  be  paralysed  the  blood  accumnlates  in  the  viscera,  and  the  head 
and  extremities  are  rendered  amemie.  Budgc^  maintains  that  the  small  arterifi 
throughout  the  body  can  be  made  to  contract  hy  electrical  irritation  of  the 
pednnculus  cerebri,  which,  therefore,  he  regards  im  the  centre  of  the  vaso- 
motor nerves,  but  there  can  now  be  no  f(  mist  ion  that  the  principal  vast3-mfitor 
centre  is,  as  already  state<l  t§  254)  iituated  in  the  medulla  oblongata, 

716.  It  is  very  difficult  to  give  a  mtisfactory  explanation  of  the  di7a/atiort 
observed  in  the  vessels  of  certain  regions  of  the  body  when  the  ncrvc?i  ^ap 
plying  them  are  irritated.     The  most  marke<i  fiiBtAiiee.^  of  such  dilatatioa 


1  Prott^edmifs  of  thfl  Hoynl  Socitty,  vol.  xi,  p,  302. 

•  Die  pHtEiu  Inline  dw  %mpftthic«»,  187S,  p,  202, 

•  SiH*  CyoBi  EtiTtroth-rjipip,  1873^  p.  203, 

•  Pfldger's  Arclnv,  Bd.  vi^  187:2,  p.  308, 
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tre  seen  in  the  vessels  of  the  submaxillary  gland  when  the  chorda  tympani, 
and  in  those  of  the  penis  when  the  nervi  erigcutes  arc  stimulated.  In  the 
latter  case,  if  the  nerves  of  both  sides  be  cut,  erection  of  the  penis  on  sexual 
Bzcitement  or  by  mechanical  irritation  of  the  sensory  fibres  in  the  pudendal 
Derves  is  rendered  imi>ossible;  yet  if  the  distal  extremities  of  the  nerves  be 
irritated,  the  corpora  cavernosa  swell,  and  the  copious  How  of  bright-colored 
blood  that  follows  an  incision  into  them,  shows  that  the  circulation  has  been 
jireatly  increased  in  activity.  Claude  Bernard^  was  at  first  disposed  to  admit 
I  direct  dilating  action  of  the  nerves,  and  Schiff^  seems  still  to  believe  in  the 
poesibility  of  such  an  influence.  It  involves,  however,  the  view  that  mus- 
cular fibres  can  be  caused  to  elongate  by  irritation  of  their  nerves,  which  is 
x>Dtrary  to  all  analogy.  Othei's  have  suggested  that  the  phenomena  are 
lue  to  the  contraction  of  the  small  veins,  or  in  the  case  of  the  penis,  to  con- 
traction of  the  trabeculic  of  the  (*orpora  cavernosa  impeding  the  return  of 
blood ;  but  against  this  it  has  been  shown  that  erection  does  not  follow 
ligature  of  the  principal  veins.  M.  Legros^  again  l)elieves  that  they  are 
due  to  an  exaggeration  of  the  ordinary  peristaltic  action  of  the  smaller 
arteries,  but  it  is  not  easy  to  understand  how  this  could  act  in  the  absence  of 
?alves.  It  is  not  improbable  that  two  conditions  co-operate  in  producing 
the  increased  flow  of  blood  in  the  instances  adduced  above.  On  the  one 
handy  as  is  especially  seen  in  the  case  of  the  submaxillary  gland,  irritation 
of  the  chorda  tympani  may  augment  the  attraction  of  the  tissue  of  the 
gland  for  the  blood,  and  thus  act  in  producing  a  via  afronte,  and  on  the  other, 
is  occurs  more  particularly  in  the  case  of  the  penis,  the  nervi  erigentos  exert, 
when  stimulated,  an  inhibitory  influence  over  the  ordinary  vaso-motor  and 
constricting  nerves  exactly  comparable  to  that  of  the  vagi  over  the  move- 
ments of  the  heart. 

717.  It  can  only  be  through  the  Nervous  System  that  the  Muscular 
apparatus  of  Organic  life  is  acted  upon  by^tates  of  Mind.  Although  no 
exertion  of  the  Will  can  produce  any  effect  upon  any  part  of  it,  yet  there  are 
various  organs  whose  muscular  walls  are  influenced  on  the  one  hand  by 
Emotional  states,  and  on  the  other  by  the  state  of  £x|)ectant  Attention. 
The  Heart  sym])athizes  so  much  with  the  emotions,  that  the  language  of 
almost  all  civilized  natious  refers  to  it  as  the  seat  of  the  "  feelings"  (S  241 
etseq.^;  but  we  have  as  yet  no  certain  evidence  whether  this  influence  is 
transmitted  through  the  Sympathetic  or  through  the  Pneumogastric  nerve. 
The  former  seems  the  more  probable  channel,  when  we  bear  in  mind  that  it 
can  be  through  the  sympathetic  alone  that  those  alterations  in  the  diameter 
of  the  bloodvessels  take  place  which  give  rise  to  the  bhufh  of  modesty  or 
shame,  or  to  the  pallor  which  alternates  with  this  in  many  states  of  mental 
agitation.^  So,  again,  the  influence  of  Emotional  states  is  strikingly  mani- 
fested in  the  production  of  the  peculiar  turgescence  of  the  Erectile  tissues 
(§  276);  and  here  we  have  a  striking  example  of  the  utter  powerlessness  of 
the  Will  in  the  well-known  fact,  that  no  amount  of  sexual  dasire  will  produce 


'  C.  Bernard,  Lr9<»nrt  >-ur  los  Liquidcs  de  I'Organisme,  t.  i,  p.  I'JJO;  and  Revue  Sci- 
entifique,  1872,  p.  119. 

*  31.  Scliitf,  Du  I'Inflammntion,  1873. 

»  Ch.  Legros,  D<>s  N<.t1>  Vjusomotouru,  Th6-»e,  Paris,  187-3.  p.  67.  For  othor  papers 
bearing  on  this  subj(H:t,  seu  Fj(!khard,  BritragL*  zur  Anatiimic,  Abliand.  vii,  1808  ; 
Loven,  Ludwit;'s  ArbciU'n,  IWOO,  p.  1  ;  Kollikrr,  Wurzlniri^JT  VtThandliingfn,  Bd. 
ii ;  Gollz,  Pfluger'8  Archiv,  lHi:\^  p.  84») ;  Brnwn-Set^iiurd,  Lr^ons  sur  lea  Nerfs 
Vawniotfur!*,  pp.  25-05;  v.  VVittich,  Virclmw,  Arcbiv,  1800,  t.  xxxvii,  p.  93; 
Uifidenbain,  PtiUger's  Arcbiv,  Bd.  v,  p.  40;  Vulpian,  L'Ajjpnreil  Vabomotcur,  1875, 
p.  ICO. 

*  The  pallor  of  extreme  f<Mir  or  terror  is  probably  due  rather  to  a  state  tending  to 
Syncope,  arising  from  a  ]>artial  failure  of  the  Ueart's  action. 
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erection,  If  the  mind  be  possessed  with  any  fwllng  of  doubt  or  apprehension 
&3  to  the  eKistetice  of  the  sexual  abilMi/.  The  museular  walla  of  I  lie  Alu 
nieatary  canal  ^eem  fre<|uentiy  to  l>c  excited  to  increased  action  by  agitating 
eniotious;  but  it  may  be  dtaibted  how  far  this  is  a  primary  etfbei  of  ibe 
meDtal  .^tate,  or  how  far  it  is  eonseciuent  upon  the  iiiduence  of  that  ?tiate  ii\M3n 
the  Beeretions  poured  into  the  canal  (§  725).— The  influence  of  the  iiate  of 
expedfnit  attention j  m  of  the  emotions,  is  strongly  manifested  in  the  eaj*  of 
the  Heart;  the  action  of  which,  as  Sir  H.  Holland  has  remarked,  **  is  often 
quickened  or  otherwise  disturbed  by  the  mere  centring  the  conscioufriieifi^ 
up<m  it,  without  any  emotion  or  anxiety.  On  occasions  where  its*  b«at»  are 
audible,  (jb«4crvntion  will  give  proof  of  ihia,  or  the  physician  can  very  often 
inJer  it  while  feeling  the  pnfse:  and  where  there  b  liability  to  iri^gular 
pu I. nation,  jiuch  actioji  is  seemingly  brought  on,  or  increased,  by  the  elflirt  of 
attention,  even  though  no  obvious  emotion  be  present/'*  There  can  be  no 
doubt  that  the  movements  of  the  lower  part  of  the  Alimentary  Citual  are 
C4ipMb!e  of  being  afteeted  in  a  i?imilar  manner;  siju-e  we  may  frequently  trace 
ttie  rafiid  deM^ent  of  the  fiscal  mass*  into  the  rectum,  when  we  exjjcci  tu  be 
shortly  able  to  discharge  it;  and  it  m  in  great  part  in  this  mode,  that  h<thU 
Operates  in  prmiueing  a  readiness  for  defecation  at  particular  timed,and  that 
bread-pi  lb  and  other  supposiutiou^i  purgatives  nnhmd  the  bowels,* 

718,  Trop hw  iV^ rre^, — T h e  e x i steii ce  o f  a  n pec  i a  I  sys  te m  of  U(*r  vm  p< i^^^f^ 
ing  a  direct  iuBnence  on  the  proca^s  of  nutrilionp  though  sugge^lt^d  by  otli^r 
wrileiT^,  was  first  clearly  enunemted  by  Samuel  of  l4eipsi€,  aittl  lia^  been  go 
warmly  supported  by  Duchennc.  that  he  ha**  dt-clared  tlmt  **  if  trophic  in-rvtss 
did  nut  exbt,  it  would  be  nece^jyiry  to  invent  them/'  The  pusitivit  fool^ 
which  have  led  to  their  adrtilHsion  are,  however,  comparatively  ft-w^  and  ia 
fact  may  almost  be  considered  as  limited  to  the  i*ingle  one,  demoiisiratetl  by 
Ludwig^  that  certain  glands  can  be  excited  to  action  by  the  stiiunliitiiin  of 
their  nerves  independently  of  their  blood  supply,  (Saliva,  §  lOoj  The 
view  taken  by  SanmeP  18  that  the  so-called  trophic  nerves  arise  from  the 
ganglia  on  the  posterior  roots  of  the  spinal  nerves  and  run  eejitrifugally  Iq 


*  Chnpler*  on  Meotui  Fhysintogy,  p   16, 

■  The  Adlhfjr  amy  mentiuM  iTo'"tw?(>  ftillnwing  i-ji^rs,  which  hftvo  fiilli^ri  within  Hit 
own  knnwk^dgi?,  hb  eurioiw  ijiu^tni Lions  uf  ihf»  rnrtti**riciB  of  montnt  itntr^  upjti  th« 
racjvt*m*^rU»  of  the  alimentary  ertnHl. — Tim  Hrst  of  tUf*e  oecupfcd  in  tlit*  (M-r-i»n  »»f  ii 
litiiirHry  man.  of  h  ^otnewhHt  hypiM'btmciriui.'nl  ti'mpt*rHmi*nl,  who  hud  U^i*n  lrfmlil«*d. 
with  continut'd  <:0'?tivent'*s,  fur  wbieh  lie  land  b<M.*n  iiceu^tiMni*d  to  tnkc  mi>  np'-rimt 
pill  dinly.  Finding  tbut  Mi  cen^^t^d  to  huve  it*  u^u(ll  elfect,  iind  b*fiTU»  r*«nrfijl  uf 
inc'f4^ti>ing  hig  rf'g^tilnr  ttn^f*,  lie  NfipliBd  for  ndvicM  lu  h,  prHctUiiMii^r,  wlio,  hMviris^  I\n4 
fonniT  expf^rience  of  whiit  Mi'iitHl  iii;rnry  hIoiil*  would  d*v  rlftiTtiiTniHl  to  try  iu  offVcl 
in  thi.4  insiiinue.  fcienrijii^  his  pntii^nl  befirrt?  hini^  vvirJi  the  ubdumen  ntitn*vtvrc'd.  bo 
diwjred  him  t-t  fix  hie  HUtntiun  intf^nlly  upr^n  hia  nhd^itoiiiiil  ?t?ns»U*»n*^  wnd  it**iir«4 
huii  tbiit  in  u  .-ib^rt  lime  hv  wii#  qint^^  ei'rtHin  thtit  br>  wuiild  b(»giii  to  filial  h  im>\**mrni 
in  hh  tKJW!;l%  which  wuukl  end  in  a  copious  evm-niitlun.  He  himaotf  <btl  nnthing 
hut  look  »ic[^dily  Hi  bb  ]rHtif'nt,  with  Hn  iiir  of  gnml  di'tcfnai[)Hli(»n  Hfid  contidi^notft 
iind  point  Uh  finger  ut  the  ubdomen^  moving  it  idoni;  thi^  urcli  of  Iho  colon,  aik)  fit 
it  were)  in  the  cours-fi  uf  the  eon  volutions  of  tb**  sntsill  iatt^iincs,  so  as  in  hiJ  ili* 
pHtk'nt  in  fixing  hh  Rllenlit.m  upon  ihern.  In  h  *hurt  time  the  expt^t*H3  mnn^mHiU 
ware  felt,  nnd  ft  cupioua  evn^utituin  Bui»n  followed ;  tind  for  ^ora«  tiine  rik  th« 

bowels  continued  to  net  fretdy  without  m^xlicine.  — In  iht»  other  cih©,  m  :  t  » 

publi'.*  InHtitntioii  wna  seized  with  a  utronc  impulse  to  d*^fi'c*ilinn  durln-  r«; 

and  WHS  greittly  lTiconv<*nienced  by  the  effort  tic<?e#?»ry  lo  fcitr»in  it.  ry 

*uhsef|iient  ledum  iii  the  ^iitiiu  plti'i^i*,  tb«  ^nm&  impuliie  returned  U|.Km  b  ih- 

Bttindinic  ihnt  he  might  have  tirevioui^ly  imbiiMtod  hh  buweU  t*Ueu'hdre.  In  tbit  i^tt, 
there  wm  ubviounly  a  stftte  ot  iipprehen*ion  combined  with  tho  ^impUa  AntMp»it«jin; 
but  tire  infiiieiiirfl  uf  the  hitti?r  l^  ahown  by  the  fuct,  Umi  in  no  either  plut^o  <iii|  thli 
individutil  eKfierienee  the  impube  in  quesilion  under  tht»  like  cireumstAACcs^ 

>  Die  truphiicho  Nerv^en,  lB*iO, 
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the  tissues.  When  irritation  is  applied  to  them,  it  causes  increased  activity 
of  all  the  nutritive  changes,  cell-growth  in  particular  taking  place  with  ab- 
normal rapidity.  On  the  contrary  their  paralysis,  as  by  section,  leads  to 
liminishea  activity  in  the  nutritive  operations,  and  atrophy.  In  proof  of 
these  statements  Samuel  adduced  the  results  of  many  experiments  showing 
that  if  a  rough  fragment  of  bone  be  passed  beneath  the  sciatic  nerve  stretch- 
Ag  it  like  a  cord  and  producing  continual  irritation  of  its  fibres,  the  thigh, 
eg,  and  foot  swell  in  the  course  of  24  or  36  hours.  The  whole  limb  below 
iie  seat  of  irritation  of  the  nerve  becomes  hypenesthetic,  its  temperature 
TBCS,  and  an  ill-smelling  discharge  takes  place  from  the  wound,  all  circum- 
itances  indicating  the  increased  activity  of  the  various  processes  both  of  nu- 
trition and  disintegration.  In  like  manner  laryngitis  may  be  produced  by 
irritating  the  superior  larj^ngeal  nerves,  and  after  death  the  mucous  mem- 
brane is  found  swollen  and  reddened  ;  so  by  irritation  of  the  Vagi,  just  below 
;heir  exit  frf>m  the  skull,  the  symptoms  and  pathological  coitditious  charac- 
kerizius  pneumonia  may  be  obtained,  and  by  irritating  the  spinal  cord  with 
I  bristle  dipped  in  croton  oil  passed  through  it  in  such  a  direction  as  to 
ft^ct  the  posterior  roots  of  the  spinal  nerves  at  the  level  of  the  last  dorsal 
rertebra,  he  observed  great  hvperiemia,  tumefaction,  and  elevation  of  tem- 
perature in  the  lower  limbs.^  I)r.  Axmann  found  that  when  the  spinal  nerves 
»f  frogs  were  divided  on  the  distal  side  of  their  prevertebral  ganglia,  the 
DOtrition  of  the  parts  supplied  by  them  was  much  more  injuriously  affected 
than  it  was  when  the  sectioit  was  made  between  the  ganglia  and  the  spinal 
Bord.  A  large  number  of  pathological  cases  are  on  record  which  certainly 
appear  to  support  the  views  of  Samuel.     One  of  the  most  tyi)ical  is  that 

Even  by  Sir  James  Paget  in  his  lectures  on  Nutrition,  on  the  authority  of 
[r.  Hilton:  "A  man  was  at  Guy's  Hospital,  several  years  ago,  who,  in 
consequence  of  fracture  of  the  lower  end  of  the  radius,  repaired  by  an  ex- 
isessive  quantity  of  new  bone,  suffered  compression  of  the  median  nerve.  He 
bad  ulceration  of  the  thumb,  and  of  the  fore  and  middle  fingei-s,  which  had 
resisted  various  treatment,  and  was  cured  only  by  so  binding  the  wrist,  that 
the  parts  on  the  palmar  aspect  being  relaxed,  the  pressure  on  the  nerve  was 
removed.  So  long  as  this  was  done,  the  ulcers  became  and  remained  well ; 
but  as  soon  as  the  man  was  allowed  to  use  his  hand,  the  pressure  on  the 
nerves  was  removed,  and  the  ulceration  in  the  parts  supplied  by  it  returned."* 
In  the  American  war  a  special  Ha*«nital  having  been  set  aside  for  injuries 
and  diseases  of  nerves,  the  surgeons,  Messrs.  Mitchell,  Morehouse,  and  Keen, 
had  large  opi>ortunities  of  observing  the  effects  of  such  lesions.  The  condi- 
tions they  found  to  occur  in  the  parts  below  the  seat  of  injury  were  atrophy 
of  muscles,  and  various  subacute  inflammatory  states  indicated  by  tumefac- 
tion and  congestion,  oedema,  thickening  of  the  cuticle  and  glossiness  of  the 
skin,  cracks  and  fissures  in  it,  bed-sores,  eczema,  curved  and  talon  like  nails, 
retraction  of  the  skin  of  the  ungual  phalanx  and  exposure  of  the  matrix, 
painful  swelling  of  joints  and  altered  or  arrested  secretions  (Sweat).   Biiren- 

Srung  again  has  satisfactorily  shown  that  in  some  cases  of  Herpes,  at  least, 
e  eanglia  on  the  posterior  roots  of  the  spinal  nerves  are  inflamed,  and 
Vandyke  Carter*  has  pointed  out  that  in  cases  of  leprosy  the  cutaneous 


*  So*»  al«>  f(>rcorroborftlivecxj)orim(?nts,  Luhorde  and  Levon,  Gaz.  Modicalc,  1870; 
Vulpinn,  Brown -Seqimrd'g  Archivca,  1872.  p.  384. 

'  Similar  cnscj*  are  ijfivon  by  M.  Gilletto  in  tlu?  Dictionnaire  EncydopeJiquo,  hy  M. 
Charcot  in  Bmwn-Sequard's  Archivcj*  d«'  Physiologic,  and  Mr.  T Anson,  Lancot, 
1871,  vol.  ii,  p.  913;  hy  Hutchinson,  in  iho  London  Hospital  Rpoorts  for  18<JH;  by 
Schiefferdeckcr,  Edip,  and  a  ?tort>houjip  of  such  facts  in  the  work  ot  Mcs>rs.  Mifcheli, 
Morehou.-to,  and  Keen,  On  Gunshot  Wounds  and  other  Injuries  of  Nerves. 

•  British  and  For.  Med.-Chir.  Kev.,  1803,  January. 
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aflbctum  h  often  limited  to  certain  nerve  regions,  and  that  po^t-aiurieni  ex- 
am iouhon  has  shown  that  the  ut^rvas  iu  tiut^tiou  are  ^woileu  atai  affL*cted 
wilh  hypertrophy  of  the  interstitial  eonneetive  tia-sue.  And  as  the  cutantHJiM 
affection  commenees  with  aniestheaia,  it  aeems  probable  that  the  Ut^rvt^  are 
pririianly  affectecK  Thau  again  there  are  the  remarkable  phenomena  ob- 
served and  described  by  Snellen ,  Schiif,  and  uaany  olhen?,'  which  fpllow  in- 
tracranial section  of  the  fifth  pair  of  nerves,  and  whieh  consist  tn  the  oc€u^ 
reucc  of  conjunctivitis  within  a  few  hours  of  the  operation,  the  db^eharge  «f 
a  thick  pnrifbrm  nincns,  haziness,  nlceration,  and  uUimatelj  slotjg^hing  af 
the  cornea,  and  the  loss  of  the  eye  on  the  same  side  bs  that  on  which  tbt 
nerve  has  been  divided.  Lastly,  there  are  the  atrophic  changes  which  i^cctir 
in  ninscleB  when  a  motor  nerve  is  divided,  and  which  have  been  dts?^cnb^ 
with  great  minuteness  by  M.  Vulpian,'  by  Erb,  antl  others,  the  fibres  Umu^ 
their  transverse  striie,  and  gradually  undergoing  fatty  degeneration,  whibt 
the  nuclei  of  the  sarcolemma  and  the  interstitial  connective  tissue  undt-rgo 
hypertrophy.  Thus  it  would  at  first  sight  appear  there  is  a  large  amount  cif 
evidence  proving  the  direct  intiueuee  of  the  nervous  system  on  the  processes 
of  nutrition* 

719.  It  is  not  lea^  certain,  however,  that  weighty  evidence  can  be  adduced 
to  show  that  the  nervous  system  is  not  required  for  the  due  performance  of 
the  nutritive  procej^s^es^  and  has  little  or  no  direct  action  u|x>n  them,  the 
pathological  phenomena  above  mentioned  a;?  con  current  with  tneir  perj^i^tent 
irritation  J  or  consequent  on  their  parulysi5!»  resulting  from  changt^  ja  the 
supjily  of  blood,  which  again  are  cause<l  b^^  the  action  of  the  vafio-niotor 
nerve.H  u|xm  the  ve.«sels*  In'  proof  of  this*  it  may  be  ob^rved,  in  the  first 
place,  that  nutrition  and  the  proce&&es  which  minister  to  it,  m  absorption,  I 
a^siniilatlou,  circulation,  secretion,  the  fixation  of  new  material,  and  the  «iis- 
intei^ration  and  removal  of  the  old,  are  all  actively  i>eHbrmed  by  plaot*, 
though  there  Is  no  evidence  of  the  existence  (^f  such  a  rudimentary  iicrvoiis 
system  in  the  vegetable  kingdom.  Again,  in  many  of  the  lower  form*  of 
animal  life,  as  well  as  In  the  more  lowly  organized  tissues  of  the  higher  ani- 
mals, such  as  cartilage,  fat,  and  connective  tissue,  few  or  no  nerve^i  are  |>res- 
en t J  and  nervous  infinence^  if  perceptible  at  all  upon  the  process  of  nutDtioa 
in  them,  must  therefore  be  indirect.  Thirdly,  dailv  experience  »how6  that 
even  in  the  higher  animals,  sensor)^  nerves  may  be  divided  without  any  fail- 
ure in  the  proce>^ses  of  nutrition  of  the  parts  they  sniiplied/  In  reganJ  to 
motor  nerves,  the  experiments  of  Reid  made  long  ago  showed  clearly  [hut 
although  atrophy  of  muscle  follows  section  if  the  limb  be  allowed  to  i-emain 
quiescent,  yet  that  the  muscles  retain  all  their  character  if  they  an*  me- 
thodically exercised  by  pa^ive  movement,  or  by  the  action  of  the  electrical 
current.  Brown -S^quard  records  cases  where  miJi^ed  nerves^*  have  been  dt* 
vided  without  apparent  alteration  being  produced  either  in  the  temperature 
or  in  the  nntriiitm  of  the  parts  feytmd.  Lastly,  even  with  regard  to  the 
sympathetic  there  is  evidence  tliat  section  of  its  iruuk  on  one  rtide  in  the 
neck,  if  anything,  improves  rather  than  deterioratei*  uutrltion  on  the  samt 
eide  of  the  head,  for  the  vaso-raotor  system  being  paralyzed,  the  currrni  of  | 
blood  becomeis  freer,  causing  the  hair  on  that  side  to  grow  more  rapTdly  in 
the  mammal,  and  the  lateral  half  of  the  comb  of  the  cock  to  hyt»ertR>phy, 
whilst  injuries  heal  more  rapidly,  and  the  tissues,  m  In  the  k-me  of  the  corti£» 


*  See  especially  SmitJim,  CenlriilbJKlt  tVir  die  Med.  Wl«».,  ISTl,  p,  ICiO, 
'  Brown-^S^uard'f  Archive?,  1872,  p.  7t>3. 

*  See  eaiie  by  Yftnzatti  (Brottm-i5§qurird'&  Arnhivoi,  1873,  p,  162),  In  wbicb  tbt 
lingual  nerve  wm  rejected  on  onts  iidt^,  «nd  in  tkirec  months  »fler  tbe  orgnn  nUll  pt^ 
e^srv*^  Jt*  norni»l  furrn,  color,  tmd  nutrition. 

*  Archivci,  1869, 
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Btpecially,  are  more  tolerant  of  irritation  and  injury ;  and  such  cases  as  those 
recorded  by  Dr.  Camochan  and  Dr.  Conner/  where  Meckel's  ganglion  was 
BKtirpated,  and  no  apparent  mischief  followed,  show  that  some  other  condi- 
tiom  than  the  mere  abolition  of  the  function  of  the  sympathetic  ganglia 
miut  be  present  in  order  that  impairment  of  nutrition  may  take  place. 

720.  It  is  to  be  observed,  moreover,  that  whilst  some  of  the  phenomena 
above  alluded  to  are  inexplicable  on  the  supposition  that  the  blood  supply 
b  inteifered  with,  possibly  by  persistent  contraction  of  the  bloodvessels,  in 
others  there  may  have  been  some  interference  with  the  lymphatic  system, 
the  relations  of  which  to  the  nerves  is  at  present  unknown,  whilst  others 
again  admit  of  a  different  explanation.     Take,  for  example,  the  case  of  the 

ae  after  division  of  the  fifth  nerve.  The  experiments  of  Biittner  and 
ei»ner,'  v.  Bezold,'  v.  Hippel,  and  others,  have  shown  that  if  the  eye  be 
carefully  covered  and  protected  from  external  lesion,  no  pathological  lesions 
occur  after  the  section,  whilst  if  it  be  exposed,  ulcerati<m  soon  sets  in.  Here 
it  is  probable  the  loss  of  sensibility  of  the  cornea  leads  to  dryness,  and  the 
entrance  of  foreign  bodies,  in  consequence  of  the  ordinary  act  of  winking 
being  neglected,  and  such  dryness  is  a  predisposing  cause  to  inflammation. 
In  a  case  under  the  care  of  the  E<iitor,  in  which  the  fifth  was  paralyzed  on 
both  sides,  one  eve  was  wholly  lost,  but  in  the  other  incomplete  ptosis  oc- 
curred, and  the  inflammation  was  long  limited  to  the  part  of  the  cornea 
exposed  in  the  half-shut  condition.  In  this  part  a  deep  ulcer  formed,  whilst 
the  rest  of  the  cornea  was  perfectly  bright  and  transparent,  and  the  iris  was 
not  implicated  till  a  very  late  period.  In  like  manner  £rown-S4quard  has 
shown  that  many  of  the  effects  which  may  be  observed  to  follow  injuries  of 
the  nerves  of  the  extremities,  may  be  referred  to  a  want  of  power  on  the 
part  of  the  animal,  both  to  perceive  and  to  withdraw  them  from  irritating 
and  depressing  conditions  (cold,  wet,  and  pressure).  It  must  be  remem- 
bered also  that  many  of  Mitchell's  cases  were  severe  gunshot  wounds,  and 
that  the  bloodvessels  and  other  tissues  besides  the  nerves  were  always  im- 
plicated.^ 

721.  The  influence  of  particular  conditions  of  the  Mind,  in  exciting,  sus- 
pending, or  modifying  various  Secretions,  is  a  matter  of  dailv  ex[)erience. 
The  Lachrymal  secretion,  for  example,  which  is  continually  being  formed  to 
a  small  extent  for  the  purpose  of  bathing  the  surface  of  the  eve,  is  poured 
out  in  great  abundance  under  the  moderate  excitement  of  the  emotions, 
either  of  joy,  tenderness,  or  grief.  It  is  checked,  however,  by  violent  emo- 
tions ;  hence  in  intense  grief,  the  tears  do  not  flow ;  and  it  is  a  well-known 
indication  of  moderated  sorrow  when  the  gush  takes  place,  this  very  act 
aflTording  a  further  relief.  The  flow  of  Saliva,  again,  is  stimulated  by  the 
sight,  the  smell,  the  taste,  or  even  by  the  thought  of  food,  especially  of  such 
as  b  of  a  savory  character.  On  the  other  hand,  violent  emotion  may  sus- 
pend the  salivary  secretion  ;  as  is  shown  by  the  well-known  test,  often  re- 
torted to  in  India,  for  the  discovery  of  a  thief  amongst  the  servants  of  a 
&mily, — that  of  compelling  all  the  parties  to  hold  a  certain  quantity  of  rice 
in  the  mouth  during  a  few  minutes, — the  offender  being  generally  distin- 
guished by  the  comparative  dryness  of  his  mouthful  at  the  end  of  the  ex- 

>  Amer.  Journ.  of  Med.  Sci.,  October,  1870,  and  New  York  Med.  Journ.,  No.  69, 
p.  679. 

«  Berichtub.  die  Fortsch.  d.  Phys  ,  1862,  p.  41*2.  »  Doutscho  Klinik,  1867. 

*  Ludwifc  and  Uaflz,  Arb«iti*n,  1870;  Practitioner,  x,  1878,  p.  146.  See  also 
Hermann  Schulz,  Uebel*  den  Einfluss  der  Ntrvendurchschneidung  auf  Ernahrung, 
Ontralblatt  f.  d.  Med.  Wisa.,  1873,  p.  7u8;  Joseph  Reichirt's  Archiv,  1872,  No.  2; 
Fiwher,  Journ.  of  Anat.  and  Physiolog.,  vol.  vi,  p.  222  ;  Vuipian,  Comptes  Rendui, 
1872,  t.  Izz,  No.  15. 
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porimout  There  b  much  reason  to  belkve  that  the  seeretioti  of  OoiMe  * 
fluid  is  affected,  id  the  same  maoaer  m  that  of  the  saliva,  by  the  impr 
sioDs  made  by  food  upon  the  senses ;  for  it  has  been  ascenaiaed  by  Bidder 
and  Schmidt^  that  tt  h  copiously  effnsed  into  the  stomachs  of  dogti  ih&i 
have  been  kept  fasting,  when  flesh  or  any  other  attractive  food  i^  placed 
before  them.  That  the  aecretion,  on  the  other  hand,  is  entirely  suspeudeii 
by  powerful  mental  emotion,  seenia  almost  certain,  from  the  weU-kuowu  ia- 
fluenee  which  this  has  in  dissipating  the  appetite  for  food,  and  ia  suj^peDd- 
ing  the  digestive  proee^  when  in  active  operation.  As  a  cheerful  state 
of  feeling,  on  the  other  hand,  seems  to  be  decidedly  favorable  to  the  ptt- 
forraance  of  the  digestive  function,  it  probably  exerts  a  benelicial  influenot*, 
as  to  both  quantity  and  quality,  on  the  seeretion  of  gastric  fluid.  Of  the 
influence  of  mental  suites  on  other  gecretions  concerned  in  the  reduction 
and  appropriation  of  the  food  (such  as  the  Biliary,  Pancreatic,  and  iiil€B* 
tiual  fluids)*  neither  observation  nor  ex[3eriD]ent  has  as  yet  affbrdeU  aoy 
lAtisfaetory  information.  It  is  a  prevalent,  and  perhaps  not  an  ilUfouadcd 
Opinion,  tlmt  melancholy  and  jealousy  have  a  tendency  to  iucreAse  the 
quantity,  and  to  vitiate  the  quality,  of  the  Bilitiry  fluids  Ferhapi  the  di#- 
order  of  the  organic  functions  is  more  commonly  the  source  of  the  forau^r 
eniutlon  than  it«  consequence ;  but  it  is  certain  that  the  indulgence  of  the^ 
feelings  produces  a  decidedly  morbific  effect  by  disordering  the  digestive  pti^ 
cesses,  and  thus  reacts  upon  the  nervous  system  by  impairing  its  healthy 
nutrition,  A  copious  secretion  o£  fetid  gm  not  unfrequentJy  takes  plaee  ta 
the  intestinal  canal,  under  the  influence  of  auy  disturbing  emotion  ;  or  the 
usual /wi'd  secretions  from  its  walls  are  similarly  disordered.  The  t^ndencf 
to  Defecation  which  is  commonly  excited  under  such  circumstances,  is  nut, 
therefore,  due  simply  to  the  relaxation  of  the  sphincter  ani  (as  commonly 
eupptjsed) ;  but  is  partly  dependent  on  the  unusually  stimulating  character 
of  the  ffeces  themselves.  The  same  may  be  said  of  the  tendency  to  Mictu- 
rition, which  is  experienced  under  simitar  conditions;  the  change  in  the 
character  of  the  urine  becoming  perceptible  enough  among  many  animab, 
in  which  it  acquires  a  powerfully -disagreeable  odor  under  the  influence  of 
fear,  and  thus  answers  the  purpose  which  is  effected  in  others  by  a  peculiar 
secretion.  The  halitm  from  tiie  Lungs  is  sometimes  almost  instantaneously 
afleeted  by  bad  news,  so  as  to  produce  fetid  breath.  The  od&rifemu$  wer^ 
lion  of  ike  Skin,  which  is  much  more  powerful  in  some  individuais  than 
others,  is  increased  under  the  influence  of  certain  mental  emotions  las  fear 
or  hash  fulness ),  and  commouly  also  by  ^xual  desire.  The  Sexttai  aecretions 
tliemselves  are  strongly  influenced  by  the  condition  of  the  mind.  When  it 
is  frequently  and  ^trujjgly  directed  towards  objects  of  passion,  these  secfie> 
tions  are  increa^^ed  in  amount,  to  a  degree  which  may  cause  them  to  be  a 
very  injurious  drain  on  the  powers  of  the  system.  On  the  other  hand,  ibe 
active  employment  of  the  mental  and  bodily  powers  on  other  objectSj  has  a 
tendency  to  render  less  active,  or  even  to  check  altogether,  the  proc^ies  by 
which  they  are  elaborated.' 


»  Op.  dt,,  p.  S6. 

*  This  U  »  simple  Pli^eiologicAl  fAct,  but  uf  high  Moral  uppJicuticin.  The  AtiUior 
would  fay  to  those  uf  lua  youDger  readers,  who  ur^«  the  wmnU  uf  N»tiirit  m  un  tx* 
cuse  Tor  ib^  H licit  gratitlL<Attun  of  tho  sexual  pA^Bioiif  *'  Try  xhv  t^ffectsof  dote  mtm^ 
tul  appiicatimi  to  son^eof  lho»e  ennobling  pursuits  to  which  yuur  proft.S!^6iQti  iiitr(i4uc«« 
voii,  in  combinution  witb  vigorous  bodily  c^ereisf  (fur  the  efl\5i^U  uf  which  tee  {  566 *« 
before  you  n^aert  th»t  th**  tippi^titG  is  unreatriiiriHbl«,  Mod  a<jt  upon  thitt  Kj^crtion/' 
Kotbipg  iendi  ^o  much  to  ineri'Hse  the  deiiro,  ti»  ih<i  eontinunl  dtrcctinn  of  tht  nifad 
towards  thti  objects  of  it*  grntiScAtion,  e>-pe€iftily  under  the  fiivoriji;^  mtJtienee  of 
iedentury  habitii ;  whilH  nothing  soeflVctuHHy  r4>re««cB  it,  n»  th©  diHcrminiita  «s«f* 
eueof  tbe  mcotMt  facultlefi  upon  other  ohj^tip  imd  the  expenditure  of  nervous  %mmi0 
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722.  No  Secretion  so  stroDgly  manifests  the  influence  of  the  Nervous 
systeni,  and  especially  of  Emotional  states,  both  upon  its  quantity  and  its 
quality,  as  that  of  the  Mammary  glands.  Although  the  production  of  Milk, 
when  once  established,  continually  goes  on  in  the  breasts  of  a  nursing  female, 
yet  it  is  obviously  accelerated  in  the  first  instance,  and  augmented  after- 
wards, by  the  mechanical  irritation  of  the  nipple  produced  by  the  suction  of 
the  infant ;  and  this  alone  (or  in  combination  with  the  strong  desire  to  fur- 
nish milk )  has  been  effectual  in  producing  the  secretion  in  girls  and  old 
women,  and  even  in  men.  Again,  in  the  nursing  fi^male  the  secretion  is 
oflen  suddenly  augmented  by  the  sight  of  the  infant,  or  even  by  the  thought 
of  him  in  absence,  especially  when  associated  with  the  idea  of  suckling;  this 
gives  rise  to  the  sudden  rush  of  blood  to  the  gland,  which  is  known  by  nurses 
as  the  draught,  and  which  may  probably  be  attributed  to  a  dilatation  of  the 
Mammary  arteries,  through  the  instrumentality  of  their  Sympathetic  nerves, 
analogous  to  that  which  takes  place  in  the  act  of  blushing  (|  717). — Although 
we  are  continually  witnessing  indications  of  the  powerful  influence  of  Emo- 
tional states  upon  the  qualities  of  the  Mamraarv  secretion,  yet  it  is  probable 
that  such  influence  is  not  at  all  peculiar  to  the  milk ;  and  that  we  only 
recognize  it  more  readily  in  this  case,  because  the  digestive  system  of  the 
Infant  is  a  more  delicate  apparatus  for  testing  it  than  any  which  the  Chemist 
can  devise ;  aff()rding  proof,  by  disorder  of  its  function,  of  changes  in  the 
character  of  the  secretion  which  no  examination  of  its  physical  pro{)erties 
ooald  detect.  The  following  remarks  on  this  subject  are  abridged  from  Sir 
A.  Cooper's  valuable  work  on  the  Breast:  *'The  secretion  of  milk  procreeds 
best  in  a  tranquil  state  ofviind,  and  with  a  cheerful  temper;  then  the  milk  is 
r^ularly  abundant,  and  agrees  well  with  the  child.  On  the  contrary,  a 
fretful  temper  lessens  the  quantity  of  milk,  makes  it  thin  and  serous,  and 
causes  it  to  disturb  the  child's  bowels,  producing  intestinal  fever  and  much 
sriping.  Fits  of  anger  produce  a  very  irritating  milk,  followed  by  griping 
in.  the  infant,  with  green  stools.  Grief  has  a  great  influence  on  lactation, 
and  consequently  upon  the  child.  The-loss  of  a  near  and  dear  relation,  or  a 
change  of  fortune,  will  oflen  so  much  diminish  the  secretion  of  milk,  as  to 
render  adventitious  aid  necessary  for  the  support  of  the  child.  Anxiety  of 
mind  diminishes  the  quantity,  and  alters  the  (juality  of  the  milk.  The  re- 
ception of  a  letter  which  leaves  the  mind  in  anxious  suspense,  lessens  the 
draught,  and  the  breast  becomes  empty.  If  the  child  be  ill,  and  the  mother 
is  anxious  respecting  it,  she  complains  to  her  medical  attendant  that  she  has 
little  milk,  and  that  her  infant  is  gri{)ed  and  has  frequent  green  and  frothy 
motions.  Fear  has  a  powerful  influence  on  the  secretion  of  milk.  I  am  in- 
formed by  a  medical  man  who  practices  much  among  the  poor,  that  the  ap- 
prehension of  the  brutal  conduct  of  a  drunken  husband  will  put  a  stop  for  a 
time  to  the  secretion  of  milk.  AVhen  this  hapi)ens,  the  breast  feels  knotted 
and  hard,  flaccid  from  the  absence  of  milk,  and  that  which  is  secreted  is 
highly  irritating;  and  sonjc  time  elapses  before  a  healthy  secretion  returns. 
Terror,  which  is  sudden  and  great  fear,  instantly  stops  this  secretion."  Of 
this  two  striking  instances,  in  which   the  secretion,  although  previously 

in  other  channels. — There  seeni.s  to  be  something  in  the  process  of  trainint?  yoiine 
men  for  the  Medical  Profesision,  which  encourages  in  iheni  a  laxity  of  thought  and 
expression  on  these  matters,  that  too  frequently  ends  in  the  laxUy  of  principle  and 
of  action.  It  might  have  been  expected  that  tho^e  who  are  so  continually  witnes8- 
Ing  the  melancholy  consequences  of  the  violation  of  the  Divine  Law  in  this  partic- 
ular, would  bo  the  last  to  break  it  themselves;  but  this  i«  unfortunately  very  far 
from  being  the  case.  The  Author  regrets  being  obliged  further  to  remark 'that  some 
works  which  have  issued  from  the  Medical  press,  contains  much  that  is  calculated  to 
excite,  rather  than  to  repress,  the  [iropensity  ;  and  that  the  advice  sometimes  given 
by  practitioners  to  their  patients,  is  immoral  as  well  as  unscientific. 
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Sir  A. 


arrested  by  this  emotion,  are  detailed   Dy  r^ii 
passions  which  are  generally  sourcea  of  pleasure^  aad 


abundant,  was  coi 

C<M>per.     "Those 

which,  when  moderately  indulged ^  are  conducive  to  health,  will,  when  earned 

to  excess,  alter,  and  even  entirely  check,  the  secretion  of  milk/' 

723.  There  is  even  evidence  that  the  Mammary  secretion  may  acquire  an 
actually  pohonom  character,  under  the  influence  of  violent  mental  excite- 
ment; for  certain  phenomena  which  might  otherwise  be  regarded  in  no  other 
light  than  as  simple  coincidences,  appear  to  justify  this  inference,  when  in- 
lerpreted  by  the  lesa  striking  but  equally  decisive  facts  already  mentioned. 
"A  carpenter  fell  into  a  quarrel  with  a  soldier  billeted  in  his  house  and  waa 
set  upon  by  the  latter  with  his  drawn  sword.  The  wife  of  the  carpenter  at 
first  trembled  from  fear  and  terror^  and  then  suddenly  threw  hen*elf  furi- 
ously between  the  combatants*  wrested  the  sword  from  the  soldier's  hand, 
broke  it  in  pieces  and  threw  it  away.  During  the  tumult,  some  neigh bois 
eatne  in  and  sepanited  the  men.  \Vhile  in  this  state  of  strong  eKcilemfflli 
the  mother  look  up  her  child  from  the  cradle,  where  it  lay  playing,  and  in 
the  most  perfect  health,  never  having  had  a  moment's  illness;  she  gave  it 
the  breast,  and  in  so  doing  sealed  its  fate.  In  a  few  minutes  the  infant  kit 
off  shucking,  became  restless,  panted,  and  Bank  dead  upon  its  moiber'i)  bfisoni. 
The  physician  who  was  instantly  called  in  found  the  chiid  laying  iu  llie 
cradle,  as  if  asleep,  and  with  its  features  undisturbed  :  but  all  Ins  resourca 
were  frni  t  less,  1 1  was  i  r  recover  ably  gone/'  ^  I  n  th  is  i  n  terei^iing  case,  the  mil  k 
muat  have  undergone  a  change  which  gave  it  a  powerful  sedative  action  upon 
the  susceptible  nervous  s^y stem  of  the  iufant.^ — The  tbl lowing,  which  occurred 
within  the  Author's  own  knowledge,  is  perhaps  equally  valuable  to  the  Phya* 
iologljit,  as  an  example  of  the  similarly  fatal  influence  of  undue  t^motion  of 
a  different  i-haracter;  and  bi>th  should  serve  aa  a  salutary  warning  to  m  ithers^ 
not  to  indulge  either  in  the  exciting  or  in  the  deforesting  pamous,  A  lady 
having  several  children,  of  which  none  had  manifested  any  particular  Ifn- 
dency  to  cerehrHl  disease,  and  of  which  the  youngest  was  a  healthy  infant  & 
few  months  old,  heard  of  the  death  (from  acute  hydrocephalus)  of  the  infaot 
child  of  a  friend  residing  at  a  distance,  with  whom  she  had  been  on  terms  of 
close  intimacy,  and  wh<i^  family  had  increased  almost  contenip^raueinisly 
with  her  own.  The  circumsiance  naturally  made  a  strong  impression  on  her 
tnind ;  and  she  dwelt  upon  it  the  more,  perhaps,  aa  she  happened,  at  that 
period,  to  he  separated  from  the  rest  of  her  family,  and  to  be  much  alone 
with  her  bahe.  One  morning,  shortly  after  having  nur&ed  it,  she  laid  the 
infant  in  its  cradle,  asleep  and  apparently  in  ]ierfect  health  ;  her  attention 
was  shortly  attracted  to  it  by  a  noise;  and  on  going  to  the  cradle,  she  fouod 
her  infant  in  a  convulsion,  which  lasted  a  few  moments  and  then  let\  it  de«d. 
Now,  although  the  influence  of  the  mental  emotion  is  less  unequivocally  dis- 
played in  this  case  than  in  the  last,  it  can  scarcely  be  a  matter  of  doubt; 
since  it  is  natural  that  no  feeling  should  be  stronger  in  the  mother  a  mind 


I 


4 


»  Dp.  Von  Ariimon,  in  hb  treat!««,  Die  erelen  Mutterpflichton  und  difi  «T?«te  Kla* 
deepflrg»i?,  quoti'd  in  Dr.  A.  Cornice'*  ejccp  11  t*n I  Hultj  wiitk  on  Th*?  Mtiiiii|(t<tiii^nt  itfln- 
fnnt'y. — Similiir  fact*  aro  recorded  by  cjihi*r  writers.  Mr,  W*irdnrp  rn«*T)tk»nti  (L«iicet, 
No  616),  lliut  having  renjoved  a  p<mA)l  tunmr  from  behind  the  ear  i>f  a  mother,  alt 
went  well,  until  slic  Veil  into  a  vii>le»t  piujiism  ;  and  the  child,  being  eiiekifid  soon 
afterwiird»,  dit;d  in  convulnions.  He  waj$  nt^ni  far  ha^^tUy  to  see  Hnatlit^r  child  in  eon- 
vul^lon§,  after  lakin^  the  breast  of  a  nyr^e  who  t»ad  just  been  severdy  rrprimHndH; 
and  he  was  informed  by  Sir  Kiebnrd  Crnft,  that  be  bad  Men  many  timjlwr  uis-unc*-*. 
Three  others  are  recorded  bj  Burduch  ( Phyj-inkigie,  |  &22) ;  in  *>ne  of  them,  the  in- 
fanl  wn«  j»eized  wiib  convuUionH  on  the  right  side  and  heminte^ia  i^n  the  UA^  on 
iut'king  iitimediiitely  nfter  its  mother  hftd  Diet  with  Mime  dutrfis^itii*  oc<?urr9nc«i 
Another  case  was  thnt  of  a  puppy,  whkh  was  aeiEed  with  eptlt^piic  eo&vtilabii*,  oo 
mucking  ltd  mother  after  a  Hi  of  rage. 
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under  such  circumstances,  than  the  fear  that  her  own  beloved  child  should 
be  taken  from  her,  as  that  of  her  friend  had  been  ;  and  it  is  probable  that 
ahe  had  been  particularly  dwelling  on  it,  at  the  time  of  nursing  the  infant 
on  that  morning. — Another  instance,  in  which  the  maternal  influence  was 
leas  certain,  but  in  which  it  was  not  improbably  the  immediate  cause  of  the  fatal 
termination,  occurred  in  a  family  nearly  related  to  the  Author's.  The  mother 
had  lost  several  children  in  early  infancy  from  a  convulsive  disorder ;  one 
infant,  however,  survived  the  usually  fatal  period ;  but  whilst  nursing  him 
one  morning,  she  had  been  strongly  dwelling  on  the  fear  of  losing  him  also, 
although  he  appeared  a  very  healthy  child.  In  a  few  minutes  a^er  the  in- 
fiaint  had  been  transferred  into  the  arms  of  the  nurse,  and  whilst  she  was 
urging  her  mistress  to  take  a  more  cheerful  view,  directing  her  attention  to 
his  thriving  appearance,  he  was  seized  with  a  convulstion  fit,  and  died  almost 
instantly.  Now  although  there  was  here  unquestionably  a  predisposing 
cause,  of  which  there  is  no  evidence  in  the  otner  cases,  it  can  scarely  be 
doubted  that  the  exciting  cause  of  the  fatal  disorder  is  to  be  referred  to  the 
mother's  anxiety.  This  case  oflers  a  valuable  suggestion, — which,  indeed, 
would  be  afforded  by  other  considerations,  that  an  infant  under  such  cir- 
cumstances should  not  be  nursed  by  its  mother,  but.  by  another  woman  of 
placid  temperament,  who  has  reared  healthy  children  of  her  own. 

724.  There  is  abundant  evidence  that  a  auddeti  and  violent  excitement  of 
some  depressing  Emotion,  especially  Terror,  may  produce  a  severe  an<l  even 
a  fatal  disturbance  of  the  Organic  functions;  with  general  symptoms  (as 
Guislain  '  has  remarked)  so  strongly  resembling  those  of  sedative  Poisoning, 
as  to  make  it  highly  probable  that  the  blood  is  directly  affected  by  the  Emo- 
tional state,  thn)Ugh  Nervous  agency  ;  and,  in  fact,  the  emotional  alteration 
of  various  secretions,  just  alluded  to  (§§  7^1,  723),  seems  much  more  prob- 
ably attributable  to  some  such  affection  of  the  blood,  than  to  a  primary 
disturbance  of  the  secreting  process  itself.  Although  there  can  be  no  doubt 
that  the  habitual  state  of  the  Emotional  sensibility  has  an  important  influ- 
ence upon  the  general  activity  and  perfection  of  the  Nutritive  processes, — 
as  is  shown  by  the  well-nourished  appearance  usually  exhibited  by  those 
who  are  free  from  mental  anxiety  as  well  as  from  bodily  ailment,  contrasted 
with  the  **  lean  and  hungry  look  "  of  those  who  are  a  prey  to  continual  dis- 
quietude,— yet  it  is  not  often  that  we  have  the  opportunity  of  observing  the 
production  of  change  in  the  nutrition  of  any  s{)ecific  part,  by  strong  emo- 
tional excitement.  In  the  two  following  cases,  the  corn^pondence  of  the 
efllects  to  their  alleged  causes  may  have  been  only  casual ;  and  a  much  larger 
collection  of  facts  would  be  needed  to  eMiibHi<h  the  rationale  here  advanced 
as  probable.  But  so  many  analogous  though  less  strongly-marked  phenom- 
ena are  presented  in  the  records  of  medical  experience,  and  the  influence  of 
the  Emotions  upon  the  products  of  Secretion  is  so  conflrmatory,  that  there 
does  not  seem  any  reasonable  ground  for  hesitation,  in  admitting  that  the 
same  explanation  may  apply  here  also.  The  flrst  of  these  cases,  cited  by 
Guislain  (loc.  cit.)  from  Kidard,  is  that  of  a  woman  who,  after  seeing  her 
daughter  violently  beaten,  was  seized  with  great  terror,  and  suddenly  became 
afiected  with  gangrenous  erysipelas  of  the  right  breast.  But  a  still  more 
remarkable  example  of  local  disorder  of  nutrition,  occasioned  by  powerful 
emotion,  and  determined  as  to  its  seat  by  the  intense  direction  of  the  atten- 
tion to  a  particular  part  of  the  body,  is  narrated  by  Mr.  Carter.*  "  A  lady 
who  was  watching  her  little  child  at  play,  saw  a  heavy  window-sash  fall  upon 
its  hand,  cutting  off  three  of  the  Angers ;  and  she  was  so  much  overcome  by 

*  Le90iiB  Oralos  Pur  les  Phrcnopnthie*,  torn,  iii,  pp.  16&-1C8. 

•  On  the  Pathology  and  Treatment  of  Uysteria,  p.  24. 
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fright  and  distress  as  to  he  unable  to  render  it  any  assistance,  A  sur^ecm 
was  speedily  obtained,  who,  bavin g  dressed  the  wounds  tunied  bimgeff  to 
the  mother,  whom  he  found  seated,  maaiiing,  and  complaining  of  pain  in  h«r 
hand.  On  examination,  three  fingei^,  corresponding  to  those  iDJured  ia  the 
child,  were  discovered  to  be  swollen  and  inflamed,  although  they  had  ailed 
nothing  prior  to  the  accident.  In  to ur-and -twenty  hours  ineimonf  were  made 
into  them,  and  pus  was  evacuated  ;  sloughs  were  afterwards  diacharged.and 
the  wounds  ultimately  healed," 

725.  The  influence  of  the  state  of  expetAani  aikniion,  in  modifying  the 
processes  of  Nutrition  and  Secretion,  is  not  less  remarkable  than  we  ba?e 
already  ^eii  it  to  be  in  the  production  or  raodiflcation  of  Muscular  move- 
ment (§717).  It  seems  certain  that  the  simple  dir^thn  of  the  conmotiflwat 
to  a  part,  independently  of  emotional  excitement,  bnt  with  the  ejep^etaUm 
that  some  change  will  take  place  in  \U  organic  activity,  is  often  sufficient  to 
iDduce  such  an  alteration  ;  and  would  probably  always  do  so,  if  the  concen- 
tration of  the  attention  were  sufficient.  The  'most  ^tisfactory  exempli  tic*- 
tion  of  this^  principle  has  been  given  by  the  ex|)erimenU  of  Mr.  Braid,  who 
haa  succeeded  in  producing  very  decided  changes  in  the  secretions  of  fiar* 
ticular  organs,  by  the  fixation  of  the  atteution  up^in  them  in  the  **  hvpnoiic" 
State  (§  586).  Thus  he  brought  back  an  abundant  flow  of  milk  to  ike 
breast  of  a  female  who  was  leaving  off  nursing  fmm  defect  of  milk,  aod 
re|>eated  the  operation  upon  the  other  breast  a  few  days  sub^ef^uently,  after 
which  the  supply  was  abundant  for  nine  months;  and  in  another  instance  he 
induced  the  catameniat  flow  on  several  suceessive  oecasious^  when  the  us<ual 
time  of  its  appearance  had  pasaed.  It  is  not  requisite^  however,  to  produce 
the  state  of  iSomDambulism  for  this  purpose,  if  the  attention  can  be  suffi- 
ciently drawn  to  the  subject  in  any  other  mode  ;  thus  Mr.  Braid  ^  has  repeat- 
edly produced  the  last-named  result  on  a  female  who  possessed  eonsithirabte 
power  of  mental  concentration,  by  inducing  her  to  fix  her  thoughts  npon  it 
for  ten  or  fifteen  minutes,  so  as  to  bring  on  a  state  of  Abstraction. — Noir 
the  eflects  which  are  producible  by  this  voluntary  or  determinate  direction  of 
the  conscious n^ts  to  the  result,  are  doubtless  no  less  producible  by  that  ittvol- 
miUir^  fixation  of  the  attention  iipou  it^  which  is  ct)nse<|uent  upon  the  tniger 
expectation  of  benefit  from  some  curative  method  in  which  implieit  confi- 
dence is  placed.  It  is  to  such  a  state  that  we  may  fairly  attribute  most,  if 
not  all,  the  cure^,  which  have  been  worked  through  what  is  popularly  termed 
the  **  imagination/'  The  cures  arc  real  facts,  however  they  may  be  explained ; 
and  there  is  scarcely  a  malady  in  which  amendment  has  not  l>e6«  pro<tuced, 
not  merely  in  the  estimation  of  the  patient^  but  in  the  more  trustworthy 
opinion  of  medical  observers,  by  practices  which  can  have  had  no  other  effect 
than  to  direct  theattentimi  of  the  sufferer  to  the  part,  and  to  keep  alive  his 
c&nfidetit  expeijtation  of  the  cure.  The  "  charming  away  ''  of  wartj*  by  spelb 
of  the  most  vulgar  kind,  the  imposition  of  royal  hands  for  the  cure  of  the 
"evil,"  the  imwings  and  strtikings  of  Valentino  Greatrakes,  the  manipula- 
tions  practiced  with  the  **  metallic  tractors,"*  the  invocations  of  Prince 
Hohenlohe,  et  h&e  gtim^  omtie, — not  omitting  the  globulistic  adraini.<ratt«os 
of  the  Infinitesimal  doctors,  and  the  manipulations  of  the  Me^merist^,  of  oyr 


'  See  his  Important  Memrtir  on  gypnotic  TberHpeutirfl»  in  EcJInh.  Monthly  Jnttr* 
a^l,  Juift  1853.— Of  th**  r*»jilHy  of  this  U»t  r<Hu!t.  the  Author  hits  had  mi  opjMjrtu* 
nity,  through  Mr,  BrHTd'i*  kindnof^,  of  porflonally  tttlbfyinfc  hiusfolt 

'  Dn  Hnygiirth,  of  B«th  (in  conjunction  with  Mr.  Hk-hurd  8njlth,  of  ErUtolj 
teaiwd  the  value  of  Perkine'e  meulJie  irnelor*,  by  substituiintr  two  |ii<^i^*  «*f  wood 
pairitdd  in  iniitHtion  of  thi»in,or  cvpn  a  pair  of  tenVenny  oHib  di^euiscd  with  seiHt^f- 
WKXj  or  n  coup  J©  of  f.Hts  pencjle  j  which  they  found  to  pouem  nil  the  ^irtue^  ih»l  ^era 
ciMJmed  for  the  real  InitrnmQiiU. 
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own  times, — ^have  all  worked  to  the  same  end,  and  have  all  been  alike  suc- 
eenfiiL  It  is  unquestionable  that,  in  all  such  cases,  the  benefit  derived  is  in 
direct  proportion  to  the  faith  of  the  sufferer  in  the  means  employed ;  and 
thus  we  see  that  a  couple  of  bread  pills  will  produce  copious  purgation,  and 
a  dose  of  red  poppy  syrup  will  serve  as  a  powerful  narcotic,  if  the  patient 
have  entertained  a  sufficiently  confident  expectation  of  such  results.^ 

726.  This  state  of  confident  expectation,  however,  may  operate  for  evil, 
no  less  than  for  good.  .  A  fixed  belief  that  a  mortal  disease  had  seized  upon 
the  frame,  or  that  a  particular  operation  or  system  of  treatment  would  prove 
anraocessful,  bas  been  in  numerous  instances  (there  is  no  reason  to  doubt) 
the  direct  cause  of  a  fatal  result.  Thus  M.  Ridard  relates  the  case  of  a  man, 
thirty  years  of  a^,  who  was  affected  with  stone  in  the  bladder,  and  who  saw 
a  patient  die  by  nis  side,  after  being  operated  upon  for  the  same  complaint. 
The  man's  imagination  became  excited ;  his  thoughts  were  constantly  fixed 
upon  the  operation  which  he  himself  expected  to  undergo,  and  upon  the 
probable  death  that  would  follow ;  and,  in  fact,  without  any  operation  at 
all,  he  died  at  the  end  of  a  month,  affected  with  gangrene  both  of  penis  and 
scrotum.  Hence  also  it  is,  that  the  morbid  feelings  of  the  Hypochondriac, 
who  is  constantly  directing  his  attention  to  his  own  fancied  ailments,  tend  to 
induce  real  disorder  in  the  action  of  the  organs  which  are  supposed  to  be 
aflbcted. — In  the  same  category,  too,  may  be  placed  those  instances  (to  which 
alone  any  value  is  to  be  attached),  wherein  a  strong  and  persistent  impression 
upon  the  mind  of  a  Mother,  has  appeared  to  produce  a  corresponding  effect 
upon  the  development  of  the  fcettis  in  utero.  In  this  case,  the  effect  (if  ad- 
mitted to  be  really  exerted)  must  be  produced  upon  the  maternal  blood,  and 
tiansmitted  through  it  to  the  foetus  ;  since  there  is  no  nervous  communica- 
tion between  the  parent  and  the  offspring.  There  is  no  difficulty,  however, 
in  understanding  how  this  may  occur,  afler  what  has  been  already  stated 
(§  219)  of  the  influence  of  minute  alterations  in  the  Blood  in  determining 
local  slterations  of  nutrition. 


CHAPTER   XVIII. 

OF  GENERATION. 
1.    General  Character  of  the  Function, 

727.  Having  now  passed  in  review  the  various  operations  which  are  con- 
cerned in  maintaining  the  life  of  the  individual,  we  have  next  to  proceed  to 
those  which  are  destined  to  the  perpetuation  of  the  race  by  the  production 
of  successive  generations  of  similar  beings.  The  question  of  the  occurrence 
of  spontaneous  generation  is  one  that  has  received  great  attention  during 
the  last  few  years,  but  the  opinions  that  have  been  expressed  both  for  and 
against  it  are  still  subjudlce.  No  doubt  can  be  entertained  that  under  all 
ordinarv  circumstances  fluids  containing  organic  substances  in  solution  or 
mispension  when  exposed  to  tcmj)eratures  between  40°  and  100°  or  110°  F., 
ana  more  rapidly  as  the  mean  temperatures  of  70°  and  80°  are  approxi- 

*  A  rpmarkable  and  thoroughly  well-attested  case  of  the  cure  of  a  fistula  lachry- 
mftliK  which  had  advanced  so  far  as  to  involve  disease  of  the  bones  of  the  nose,  is 
recorded  in  the  History  of  the  Portroyalists. 
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matedj  exhibit  evidences  of  life.  The  fluid — such,  for  instance^  aa  aD  in- 
fusion of  turnip,  carrot,  meat,  cheese — ^becomes  cloudy,  from  die  formaikni 
or  sepsratiou  of  an  mfiolte  number  of  minute  raoleculej*,  almc«t  UDreratv* 
able  by  the  highest  mrcnBCopic  piiwen?.  Boon  Bacteria,  or  small  rtMl-»haped 
bodies  appear,  which  eshibit  movements  of  a  slow  oscillating  charmeter, 
theu  more  swiftly  moving  monads  and  vibrioa,  and,  finally,  infujjaria  of  11- 
riouH  form^  and  more  complex  structure.  Two  views  have  been  advauced 
to  explaio  the  development  of  these  lowly  organized  beings,  Ou  the  oue 
band,  the  pampermut^  maintain  that  the  air  is  crowded  with  spores  so  i^mull 
as  to  be  imperceptible  to  the  highest  microscopic  ptjwenij  and*  which,  falling 
on  suitable  soil,  as  into  moi.^t  solntions  of  organic  substances,  immediaielr 
begin  to  bicrease  and  muluply;  and  they  point  to  the  fact  tht*t  tlie  purer  the 
air,  whether  it  be  that  obtained  on  high  mountaiu-tofis,  or  wbicli  haii  tieeu 
filtered  through  cotton-wool,  or  has  been  made  to  jm^  through  red-bot  tuk«, 
the  less  likely  is  the  solution,  if  protected  by  closing  the  mouth  of  the  vts*- 
sel  in  vrhieh  It  is  contained,  to  become  the  seat  and  focus  of  life.  On  the 
other  hand,  the  hel^rogenmh  contend  that,  as  on  the  Darwinian  thetjry 
pushe*!  to  its  furtbfi^t  limit,  the  whole  animal  and  vegetable  kingdoms?  m%j 
be  derived  from  some  simple  form,  which  must  have  originated  from  the  action 
of  light  and  heal,  or  of  beat  alone,  on  the  inorganic  materials  of  which  lite 
earth  is  composed,  it  is  not  unlikely  that  the  mmt  process  ii  constantly  being 
repeated  when  the  appropriate  cimtlitions  are  present  \  and  they  point  li 
additional  arguments  in  favor  of  their  view,  to  the  cireumstances  that,  what- 
ever may  be  the  care  taken  in  filtering  the  air  admitted  to  organic  io fusion, 
and  even  when  a  boiling  tempemture  has  been  maintained  for  several  min- 
utes with  hermetic  closure  of  the  vessel  during  the  proceass  of  ebullition,  it 
is,  in  many  cases,  impo^ible  to  prevent  the  development  of  bacteria,  thougb 
the  absence  or  great  diminution  of  air  or  rather  of  oxygen  thus  occasioned 
prevents  thera  Jorming  In  any  considerable  numbers.  They  refer  also  to  the 
extraordinary  numbers  in  which  the  bacteria  appear — numbers  which  they 
believe  to  be  incompatible  with  their  production  from  the  spares  suppoiied 
by  the  panspermists  to  be  floating  in  the  air;  and,  lastly,  tliey  refer  to  vari- 
ous experiments  which  seem  to  show  that  the  lowest  forms  of  life  may  be 
germinated  in  solutions,  consisting  exclusively  of  inorganic  comnouadi. 
When  it  is  considered  how  difficult  it  is  to  preserve  the  air  admitted  to  Uw 
solution  used  in  these  experimeuts  in  a  jierfect  state  of  purity,  and  our 
ignorance  of  the  amount  of  heat  which  the  spores  of  the  lower  organrisms 
ean  bear  exposure  to  without  destruction,  it  would  seem  at  present  thai  it  is 
safest  to  hold  the  doctrine  of  panspermism,  though  it  must  be  admitted  to 
present  several  points  of  considerable  difticnltyJ 

72s,  Among  PlantSf  and  the  lower  tribes  of  Animals,  a  multiplicaiioa  of 
iudependent  beings  takes  place  without  any  sexual  proces^  wbatever/br  ft 
process  of  ^ftawa^r'ow  or  ''budding'*  from  the  parent  stock;  these  **bu(la>'* 
at  first  entirely  nourished  by  it,  graflnally  become  less  aud  less  dependent 
upon  it,  and  at  last  detach  themselves  and  maintain  a  separate  existetioe. 
kow  this  process  may  be  regarded  as  essentially  the  same  with  that  of  the 
multiplication  of  cells  by  Bubdivldon^  which  is  one  of  the  most  ordinary 
o|K*rations  of  growth  aud  development ;  and  it  is  peculiar  in  not h lag  else 
than  this, — that  the  newly  formed  structure,  instead  of  remaining  as  a  eon- 
atituent  and  dependent  part  of  the  ])a rental  fabric,  Is  capable  of  living 
independently  of  it,  and  of  thus  existing  as  a  diftiuct  individual  when 


i>rwi  tu 


1  Tbe  ^tud^nt  will  find  a  very  Tull  disca!i«km|  with  aa  hinoric«l  r^nm^  of^i  ruW 
j«ct,  in  Dp.  BiMtittn's  Beginning*  of  Life,  1572;  Burdnn  Sunderfon*  Nntufc^  vt>L  riit 
p.  178 ;  Heuxiiign,  Sum  li^l  Attn «  Futieji,  and  OicbeidLun,  in  FHugdr'A  Artrhiv  fi^r 
and  1874. 
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spontaneouftly  or  artificially  detached.  Among  the  higher  tribes  of  Animals, 
as  in  Man,  this  mode  of  reproduction,  which  is  merely  a  multiplication  of 
the  iDdividual,  and  not  a  real  Grenerative  process,  does  not  present  itself,  at 
least  ID  the  adult  state ;  for  in  no  instance  do  we  find  that  a  part  of  the  body 
separated  from  the  rest  can  develop  the  organs  which  are  necessary  for  the 
sustenance  of  its  existence ;  and  the  power  which  the  organism  possesses,  of 
regenerating  parts  which  it  has  lost  by  disease  or  accident,  is  restrained 
within  very  narrow  limits  (§  361).  But  there  is  good  ground  to  believe, 
that  such  a  multiplication  by  subdivision  vmy  take  place  at  that  earliest 
period  of  embryonic  life,  at  which  the  germ  is  nothing  else  than  a  mass  of 
cells,  wherein  no  distinction  of  parts  has  as  yet  manifested  itself;  and  that 
the  production  of  two  complete  individuals,  held  together  only  by  a  C(m- 
necting  band,  may  arise  from  some  cause  which  determines  the  sulxiivision 
of  the  germinal  mass,  at  the  period  when  its  grade  of  development  corre- 
sponds with  that  of  the  Hydra  or  Planaria.  And  this  view  of  the  case  is 
confirmed  by  the  facts  already  stated  (§  861)  in  regard  to  the  higher  degree 
of  the  regenerating  power  during  embryonic  life,  infancy,  and  childhood,  as 
compared  with  that  whi(;h  remains  afler  the  development  of  the  fabric  has 
been  completed. 

729.  Tne  proper  act  of  Generation  in  Man,  as  in  the  Animal  and  Vegeta- 
ble Kingdoms  generally  (see  Princ.  of  Comp.  Phys.,  chap,  xi),  uniformly 
involves  the  union  of  the  contents  of  two  peculiar  cells,  which  may  be  des- 
ignated as  the  *' sperm  cell,"  an<l  the  "germ  cell;"  and,  as  in  all  higher 
Animals,  the  "  sperm  cell "  develops  in  its  interior  a  self-moving  mermnto- 
soon  ;  whilst  the  "  germ  cell "  Cgerminal  vesicle)  whose  contents  are  fertilized 
by  the  spermatozcxm,  is  imbedded  in  a  mass  of  yolk  destined  for  the  early 
nutrition  of  the  embryo  thence  originating :  so  that  this  embryo,  if  supplied 
with  the  requisite  warmth,  as  well  as  drawing  into  itself  the  aliment  stored 
up  for  it,  gradually  evolves  itself  into  the  likeness  of  its  parent.  There  is 
a  great  difference,  however,  among  the  different  tribes  of  Animals,  as  to  the 
degree  of  assistance  thus  afforded  to  the  embryo ;  the  general  rule  being, 
that  the  higher  the  form  which  the  embryo  is  ultimately  to  attain,  the  longer 
is  it  supported  by  its  parent.  Hence  we  find  tlie  embryos  of  most  luverte- 
brated  animals  coming  forth  from  the  egg  in  a  condition  very  unlike  their 
perfect  type,  and  only  acquiring  this  afler  a  long  succession  of  subsequent 
alterations,  which  frequently  involve  a  complete  change  of  form,  or  metmiwr- 
phottiA,  In  Fishes,  however,  the  embryo,  though  far  from  having  completed 
ita  embryonic  development  at  the  time  of  it,s  emersion  from  the  egg,  (li>e3 
not  differ  so  widely  from  the  adult  type.  In  Birds,  there  is  a  provision  for 
a  much  more  advanced  development;  the  store  of  nutritious  matter,  or 
"yolk,"  being  so  large  as  to  allow  the  whole  series  of  changes  reijuisitc  for 
the  formation  of  the  complete  chick  to  take  place  before  it  leaves  the  egg. 
In  the  Mammalia,  on  the  contrary,  the  quantity  of  yolk  contained  in  the 
ovum  is  very  small,  but  the  embryo  is  only  dependent  upon  it  for  the  mate- 
rials of  its  increase  during  the  earliest  stages  of  lis  evolution  ;  for  it  speedily 
forms  a  special  connection  with  the  parent  structure,  by  means  of  which  it 
ig  enablea  to  receive  a  continual  supply  of  newly  prepare<l  aliment,  so  as  to 
he  supported  at  the  expense  of  this  until  far  advanced  in  its  development. 
Some  approaches  to  this  arrangement  are  met  with  among  certain  of  the 
lower  animals,  but  it  is  only  in  the  higher  Mammalia  that  it  is  completely 
carried  out ;  and  it  is  only  in  this  class,  too,  that  we  find  a  supplemental 
provision  for  the  nutrition  of  the  offspring  after  it  has  come  forth  into  the 
world.  A  considerable  difllirence  in  the  ova  of  different  animals  further 
exists,  as  was  first  shown  by  Keichert,  in  the  circumstance  that  in  some  the 
whole  yolk  undergoes  segmentation,  and  is  applied  directly  to  the  formation 
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of  t!i^  embryo ;  whilst  in  others,  only  a  portion  is  so  iegmeuted,  the  reniAiii- 
der  being  as  it  wet-e  a  store  of  food  which  m  gimdually  taken  up  in  the  pro- 
cess of  developmenL  The  former  kind  of  egg  eoosbt8»  therefore,  altogether 
of  germ  yolk ;  the  latter  of  a  small  gerra  yolk,  and  a  large  food  yolk/  The 
former  has  heen  eallefi  *'  holoblastic,**  the  latter  ''meroblastic/'  iThe  former 
IS  found  in  Man  and  Mammals,  Batracbians,  (■yclostorae  Fbh^,  the  lowtr 
Crustacea,  Arachnida  and  Mollusea,  Annelids,  Worms  and  HadiateatiimaU; 
the  latter  in  Birds,  Amphibia,  Fishes,  Cephaloiwds,  and  the  higher  grciups 
of  Crustacea  and  Arachnida,  In  many  ot  the  lower  tribes  of  animala,  tie 
fertilisation  of  the  ova  is  accomplished  without  any  sexual  eongre#c*;  the 
spermatic  fluid  effused  by  the  male,  coming  into  direct  contact  with  the  at* 
previously  deposited  by  the  female ;  but  in  all  the  higher  tribes,  as  In  Man^ 
the  spermatic  fluid  is  conveyed  into  the  oviducts  of  the  female,  ao  as  to  iro- 
pregoate  the  ovum  shortly  after  it  has  quitted  the  ovarium,  or  even  bafore 
Its  6nal  ^cape  from  it. 

2.  Adion  of  the  Male. 

730.  The  Spermatic  fluid  of  the  Male  is  secreted  by  glandular  orgaan, 

known  as  Testes.  Each  of  the^  consists  of  several  lobules,  which  are  sepa- 
rated from  each  other  by  proceiiaes  of  the  Tunica  Albuginea  that  paaa  dovrn 
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lubeft ;  2,  t€t^  t^ktlt;  3,  vahu  eCFbrpntlA ;  4,  Dfxureit  of  tb«  t^lT^i^iil  ve««eU  fULMJuc  Into  MM  ll«liil^| 
Ibfi  epldld^riuii;  e^  bodjuf  the  epididfmU »  7.  appendix^  B,  cjiudm;  9,  ru  defareii& 

between  them,  and  also  by  an  extremely  delicate  membrane  fdescribe^  1 
Sir  A.  Cooper  under  the  name  of  Tunica  Vascuhsa)  ct>iisisting  of  miad 
ramifitmtions  of  the  spermatic  bloodvessels  unifcei!  by  areolar  tissue.  Eadi 
lobule  (Fig.  306,  1  1 )  is  composed  of  a  mass  of  convoluted  htbult  H^mimfffi^ 
throughout  which  bloodvessels  are  minutely  distributed.  The  hibules  iliffur 
greatly  in  size,  some  containing  one,  and  othere  many  of  the  tubuli ;  the 
total  number  of  the  lobules  is  estimated  at  about  450  in  eaciK  t^tJts,  aad 
that  of  the  tubuli  nt  840.  The  walls  of  the  tubuli  are  firmer  than  th«« 
of  similar  gland -canals  elsewhere;  for  outside  the  basemen  t-membraoo  on 
which  the  epithelium  rests,  they  hare  a  tolerably  firm  but  extend bl6  eo* 
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velope,  coraposeil  of  an  indistinctly  fibroas  cannective  imue  with  loDgitudiDal 
nucloL  They  are  lined  by  peeuluir  braochetl  and  a naato moving  celU/  and 
occupying  the  lumen  of  the  mhe  are  other  cell?,  which  may  be  referred  to 
two  types^  one  possessing  dark  granular  nuclei  and  the  other  containing 
clear  nuclei.  Tn^  cells  present  evidences  of  undergoing  nipid  muUi plica* 
tion,  and  exhibit  amcebotd  movements.  The  convolutions  of  the  tubuli  are 
so  arranged  that  each  lobule  forms  a  sort  of  cone,  the  apex  of  which  is  di- 
rected towards  the  rde  kiftis  (2);  and  when  they  have  reached  to  within  a 
line  or  two  of  this*  they  cease  to  be  convoluted,  several  unite  together  into 
tubes  of  larger  diameter,  and  these  enter  the  rete  testis  under  the  name 
(ubuli  recti  The  moiie  in  which  the  tubuli  terminate  at  the  large  end  of 
the  lobule  has  not  been  clearlv  made  out,  owing  partly  to  the  number  of 
their  anastomoses ;  it  is  probably  either  by  ccecal  endings  or  by  loops,  The 
diameter  of  the  tubuli  is  for  the  most  part  very  uniform ;  in  the  natural 
condition  they  seem  to  vary  from  about  the  ^^-^ih  to  the  y^o*^  ^^  ^^  ^^^^^^  * 
but  when  injected  with  mercury,  they  are  distended  to  a  size  nearly  double 
the  smaller  of  these  dimensions. — ^The  rete  (e^is  (2)  consists  of  from  ^ven  to 
thirteen  vessels,  which  run  in  a  waving  course,  anastomose  with  each  other, 
and  again  divide,  being  all  connected  together  The  mm  efff^r^ntta  (3), 
which  pass  to  the  head  of  the  ephlidymis,  are  at  first  straight,  hut  soon 

Fis.307. 
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i  &r  Ilh«  fftmcture  af  tbe  Tc^il*  mv6  Epidld^mliT  o^  «,  tieminlfertiija  tub«9 ;  4%  ^**  their  t 
the  olh^r  ref&reacea  ai  nimibcrvij  Lp  the  lut  Allure. 

become  convoluted  (4),  each  forming  a  sort  of  cone,  of  which  the  apex  is 
directed  towards  the  rete  testis,  the  base  to  the  head  of  the  epididymis  (5), 
The  number  of  these  is  stated  to  vary  from  nine  to  thirty ;  and  their  length 
to  be  about  eight  inches.  The  epidiatpni^  itself  (0|  cooj^ista  of  a  very  con- 
voluted canal ^  the  length  of  which  is  aljout  twenty-one  feet*  Into  its  lower 
extremity »  that  is,  the  angle  which  it  makes  where  it  terminates  in  the  vas 
deferens,  is  poured  the  secretion  of  the  vtjjteuinm  aberrana  or  appendix  (7); 
which  seems  like  a  testis  in  miniature,  closely  resembling  a  single  lobule  in 
ita  structure.    Its  special  function  is  unknown.    The  nerves  of  the  testis  are 

1  Liiviil@tt4}  BL  Gwrge,  Stricker'i  Handbook  of  Histology,  Syd.  80c,  Trans. »  1872, 
voh  li|  p»  139. 
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etatcd  bj  Letzerich^  to  pierce  the  membraim  propria  of  the  tuhuli  f^eminifert^ 
and  end  in  a  more  or  less  irregular  pyramidal  ma^  of  protoplasm,  in  whieli 
lie  clear  elliptic  nnelei.  The  enda  of  the  fibres,  therefore,  lie  in  oloee  rela- 
tion to  the  outer  layer  of  secreting  cells, 

73L  The  fluid  secreted  by  the  Testis  is  invariably  alkaline  in  Man,  and 
18  mingled,  during  or  previou.^^ly  to  its  emis^sion^  with  fluifl  seereted  by  the 
VesiculFB  Beniinales,  the  Prostate,  Cowper*s  glands,  etc* ;  and  it  cannot,  there- 
fore, be  obtained  pure,  but  by  drawing  it  from  the  testicle  itself*  No  accu- 
rate analysis  of  it  has  been  made  in  the  human  subject ;  but  KolUkBr*  bift 
made  the  following  aualysis  of  it  in  the  Bull  and  Stallion: 

Wator,          ,         -         ,         .         .         ,         ,820.60  m^AO 

Solid  r^flidue, 179.40  180,00 

HpermftUa  and  Extractive,  .        .        .        .     1^53  0  13140 

FrI, .       21  6  

ShIu,     , 26.37  16.11 

And  Frerichs,*  on  examining  the  contents  of  the  Testes  of  a  Rabbitt  i 
Cock»  and  a  Carp,  found  pure  Semen  to  be  a  milky  fluid  of  a  mucouj«  cod- 
sistence^  and  neutral  or  slightly  alkaline  reaction.     The  imperfectly  devel- 
oped Spermatozoa  are  composed  of  an  albuminous  substance,  the  quantity  I 
of  which  diminishes  with  their  progress  towards  maturation ;  w>  that  tbi 
perfectly  developed  semen  contains  no  albuminous  compound.    On  I  be  other 
{land,  tfie  principal  component  substance  of  the  mature  Spermatozi>a  h  the 
mme  with  that  which  is  the  chief  constituent  of  the  Epitbelia  and  of  lb«  i 
Horny  tissues  generally — namely,  the  "  binoxide  of  protein  "  of  Mulder 
Ee^dcs  this,  the  spermatozoa  contain  about  4  per  cent  of  a  butterdike  fat, 
witn  some  phosphorus  in  an  un oxidized  state  (probably  combined  with  the 
fat  as  in  the  phospbonzed  fats  of  the  blood -corpuscles  and  of  nervous  iiiatti*rK 
and  about  5  per  cent,  of  pha'^phate  of  lime.     The  spermatozoa  evince  little 
tendency  to  decomposition,  and  oifer  considerable  reaiatanee  to  the  action  (>f  ^J 
sulphuric,  nitric,  hydruchloHc,  and  acetic  acitls,  and  to  caustic  alkalis  at  ^| 
oniinary  temperatures.     The  fluid  portion  of  the  secretion  i§  a  thin  solution  ^^ 
of  mucus,  which,  in  addition  to  the  animal  matter,  contains^  chloride  of 
sotiium,  and  wmall  quantities  of  alkaline  sulphates  and  phoj*pbat^.     Wheo 
allowed  to  evaporate  gpontancom^ly,  crystals  appear,  which  are  com{xiied        ' 
either  of  ammoniaco-magnesiao  phf>sphate»  or,  as  Bcittcher  thinks,  of  albu- 
men.   The  peculiar  odor  which  the  Semen  po.^*ie8»e9  does  not  apjn-^r  to  ht^hmg 
to  the  proper  spermatic  fluid  ;  but  Is  probably  derived  fn>m  one  or  other  i>f  J 
the  secretions  with  which  it  is  raingle<i. — ^The  product  of  the  i^^cretiou  of  imch  ] 
Testis  is  conveyed  away  bv  a  single  vm  deferett^  (9),  which  is  a  cylindrical 
canal,  having,  within  its  fibrous  wall,  a  layer  of  non<«lriated  muscular  fibi«,  i 
and  being  lined  by  a  proper  mucous  niembrane.     The  vas  deferens,  ast^^ndinjj  I 
into  the  abdominal  cavity  as  a  part  of  the  spermatic  cord,  reacbes  the  fundus] 
of  the  bladder;  and  there  it  comes  into  proximity  with  the  Vcmtuh  .SentH 
nalin  of  its  own  side,  with  whose  duct  it  unite  to  form  the  fjacuiaiitij  tluM 
which  terminates  on  the  verttmontunum  of  the  urethra.     It  has  been  com-f 
monly  supposed  that  the  ve^imilw  iemhuiies  stand  to  the  vam  dffermiia  in  tbii 
same  ligbt  that  the  gall-bladder  stands  to  the  hepatic  duct,  namely,  nai 
tacle  into  which  the  seminal  fluid  may  regurgitate,  and  within  whieb  it  niaf 
accumulate,'  but  (as  Hunter  was  the  first  to  maintain)  this  is  not  the  awe, 
since  the  fluid  that  is  found  in  them  is  not  semen,  and  but  rarely  eoistatpi 
even  a  small  admixture  of  seminal  fluid.*     Moreover,  tiiese  organi  are  not      . 

I  Vin?bow*i  Arehiv,  Marcfh,  1868,    ■  v,  Qnrup^Be»«nei,  im%  Phyi,  Ch^ai*,  |i.4S43^| 
■  Art,  Sonjpn,  in  Cyclop,  of  Armt  and  Physiol  ,  vol.  iv,  p.  606.  ^^ 

^  Hm  Art.  Vesicals  gemlnale*,  in  Cyclop. ^of  Anat,  Aiid  Pbyiiol*,  ¥ol*  Iv,  p.  IISI. 
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Binple  vesicles,  but  have  a  sacculated  glandular  character ;  and  their  secre- 
tion seems  to  be  of  a  mucous  nature.  Into  the  same  part  of  the  urethra  is 
iiseharged  the  secretion  of  the  Prostate  Oland,  which  is  poured  forth  by  a 
Bomber  (15-20)  of  separate  ducts  into  a  depressed  fossa  on  either  side ;  of 
the  nature  of  this  secretion  scarcely  anything  is  known ;  and  it  can  be  only 
mrmised  that  its  use,  like  that  of  the  fluid  of  the  vesiculse  seminales,  is  to 
lilote  the  seminal  fluid,  and  to  give  it  such  an  increase  of  bulk  that  it  may 
tie  more  effectually  conveyed  within  the  female  passages.  It  seems  probable, 
indeed,  that  a  certain  dilution  of  the  fluid  secreted  by  the  testes  may  be  a 
xmdition  of  its  power  of  fecundation ;  since  it  has  been  ascertained  by  Mr. 
N^ewport,  that  too  copious  an  application  of  spermatozoa  to  an  ovum  is  abso- 
latelv  unfavorable  to  their  action. — That  in  some  way  or  other  both  these 

Inland ular  bodies  serve  as  accessory  organs  of  generation,  may  be  inferred 
rom  the  fact,  that  in  animals  which  have  only  a  periodical  aptitude  for  pro- 
Breation,  they  undergo  an  alternate  increase  and  decrease,  corresponding 
irith  the  periodical  enlargement  and  diminution  of  the  testes  themselves. 
The  essential  peculiarity  of  the  Spermatic  fluid,  however,  consists  in  the 
preseoce  of  a  large  number  of  very  minute  bodies,  the  spermatozoa^  which, 
bom  their  usually  remaining  in  active  motion  for  some  time  afler  they  have 
quitted  the  living  organism,  have  been  erroneously  considered  as  proper  Ani- 
malcules. The  Human  Spermatozoon  (of  which  representations  are  given 
in  Plate  I,  Fig.  1 ;  whilst  some  of  the  principal  forms  in  other  animals  are 
shown  in  Fig.  308)  consists  of  a  little  oval  flattened  "  head  "  5  /t  in  length, 
an  intermediate  portion  6  /i  in 

length,  from  which  proceeds  a  ^'<'-  **• 

long  filiform  "tail"  gradually 
tapering  to  the  finest  point,  of 
60  /ft  in  length.  The  whole 
m  perfectly  transparent;  and 
BOtning  that  can  be  termed 
** structure"  can  be  satisfac- 
torily distinguished  within  it.^ 
Its  movements  are  principally 
fi3Eecuted  by  the  tail,  which  has 
a  kind  of  vibratile  undulating 
motion;  they  may  continue  for 
many  hours  after  the  emission 
of  the  fluid ;  and  they  are  not 
checked  by  its  admixture  with 
other  secretions,  such  as  the 
orine  and  the  prostatic  fluid. 
Thus,  in  cases  of  nocturnal 
emission,  the  Spermatozoa  may 
not  unfrequently  be  found  ac- 
tiyely  moving  through  the 
nrine   in   the    morning;    and 


1.  Spermatozoon  of  the  frog. 

2.  "  "      triton. 
8.              "                "      finch. 

4.  "  "      flel'I-mouse. 

6.  "  "      hi'dgehog. 

6.  "  "      sheep. 

a.  Head  with  nucleus,    b.  Body.    e.  Tail. 


1  The  characteristic  forms  of  the  spermatozoa  of  the  various  c1a<*8es  of  the  verte- 
lMtmta,are  beautitully  represented  by  Schweigger-Scidel  in  Max  Schultze's  Mikroskop. 
Anftt^,  Bd.  i,  p.  809.  He  describes  each  spermatozoon  as  consisting  of  a  head,  body, 
Mid  tail,  the  latter,  as  in  some  tritons,  having  a  membrane  attached  to  it,  which  per- 
forms undulatory  movements.  Grohe  (Virchow's  Archiv,  Bd.  xxxii,  p.  401)  Httrib- 
niflt  the  movements  of  the  spermatozoa  to  the  contractile  protoplasm  contained  in 
the  **head  "  of  th^  zooid  ;  Bizzozero  to  that  in  the  cilium  or  tail.  See  also  v.  Lava- 
lette  8t.  George,  Art.  Testes,  in  Strieker's  Hum.  and  Comp.  Histology,  Syd.  Soc. 
Tmiwl.,  1872,  vol.  ii,  p.  149. 
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thos^e  contained  in  the  seminal  fluid  collect wl  fruxn  females  ibut  have  jUit 
copulated,  nm  frequently  founil  to  live  many  days.  As  in  the  L-SL»e  of  cili- 
ated epithelmm^  the  move  men  ta  are  rapidly  arrested  by  weak  ncuht  wbilit 
they  are  stimulated  by  iilkaJieg*  They  cease  when  the  spermatoxua  are  ex- 
posed to  a  temperature  of  120°  F.,^  but  frozen  spermatozoa  recoramenee 
movements  on  being  thawed.  Their  presencje  may  be  rendily  detected  by 
an  ob-server  familiar  with  their  appearance,  and  furnished  with  a  Microscope 
of  i5ufficient  power,  even  when  they  have  long  cea,^d  to  move,  and  are  broki^-o 
into  fragmenU;  and  tbe  Physician  and  the  Medical  Jurist  will  frequently 
derive  much  a^ietance  from  au  examination  of  ibis  kind^  Thus,  CH«es  arc 
of  DO  uocomnion  occurrence,  especially  among  those  who  have  been  too  much 
addicted  to  sexual  indulgence,  in  which  seminal  emissions  take  place  uncon- 
sciousily  and  fre(|ueutly,  and  produce  great  general  derangement  of  the 
health  ;  and  the  true  nature  of  the  complaint  is  obscure,  until  the  tact  ha§  | 
been  detected  by  microscopic  examination.  Again,  in  charges  of  raj^e,  in 
which  evidence  of  actual  emiinsion  is  required,  a  microscopic  exuminatioa  of 
the  s^tifiened  spots  left  on  the  linen  will  seldom  fail  in  obtaining  proof  if  the 
ttct  have  been  completed  ;  in  snch  caBes,  however,  we  must  not  expect  to  meet  i 
witb  more  than  fragments  of  Spermaioaoa ;  but  the«e  are  so  nnlike  anytbiog 
else  that  little  doubt  need  be  entertained  regarding  them.  It  hai^  be>eu  pro- 
posed to  employ  the  same  test  in  juridicial  inquiries*  respecting  doubtful  catei ' 
of  death  by  suspeusion,  seminal  emissions  being  not  unfreqnent  results  nf 
this  kind  of  violence  j  but  there  are  many  obvious  objectiotis  which  fihould 
prevent  much  confidence  being  phiced  in  it.* 

732.  The  mwJe  of  evolution  of  the  SpennatoKoa,'  which  are  undoiibtedlv 
true  products  of  the  formative  action  of  the  organs  in  which  they  are  fouufi, 
and  cannot  be  ranked  in   the  same  category  with  Atiiraaiculei*,  probably 
varies  in  different  animals,  so  that  in  one  the  entire  sperm-cell  with  all  iuj 
parts  is  converted  into  a  Spermatozoon  (Schweigger-Seldel) ;  in  anotber  ib€ 
ypfcrmatoKoou  proceeds  exclusively  from  the  nucleus  (Kolliker)^  and  Ui  an* 
otlier  it  originates  from  the  nucleus  which  remains  at  the  bead,  and  the  eell*  j 
protoplasm  which  develops  into  the  tail  (v.  Lavalette  St.  George),*     Basidii*  ! 
the  cells  already  described  uum€:rous  molecules  are  found  in   the  i§emvtL 
Mr,  Gulliver  describes  them  as  reriembling  oil-particles,  and  varying  id  diaia* 
eter  from  ^^Jn^th  to  g^j'^jutb  of  au  inch-     They  are  always  present,  but  art 
particularly  abundant  in  birds  and  reptiles,  when  the  testes  begin  lo  enlai)^ 
in  spring,  and  become  scanty  as  soon  as  the  spermatozoa  are  completely  de- 
veloped^   And  the  same  is  true  for  Man  just  before  and  ailertbe  attaiDioeot 
of  the  age  of  puberty. 

7311.  That  the  Spermatozoa  are  the  essential  elements  of  the  apermatio 
fluid,  may  be  rejisonably  inferred  from  several  considerations*  Ther«  ate 
s«)me  cases  in  which  the  ''liquor  seminis^'  is  altogether  absent,  ^  that  tbey 
constitute  the  sole  element  of  the  semen  ;  whilst,  on  the  other  hand,  they  mtt 


'  8<*e  BiEEOEi^ra,  AnnwM  TTnlvenali,  vol,  djcsxvli. 

»  Sell  the  Author's  Articlt*  A»pliyjitai  io  the  Librmry  of  FrattiCKl  Madiciiaef  «ad 

tli«  fluihoriiii?«  lliere  referred  to, 

*  For  reiearchc^  on  the  dvvi^Ujpment,  etc*,  of  the  Sperfoatojwft,  »ee  lh«  clftbortlt| 
Article  Semen,  in  the  Cyclop  ot  Annl.  wnd  Pby*iol,  by  Drs.  Wagner  nnd  Leuekart,! 
Prijf  Koltiktr'i  IMhouhI  i^f  Mk'rL»*L'tiptt!  Anntumy,  i860  j  Scbweij^ger-Soidel  in  Mni  | 
8cbutiJE«*'s  Arcbiv  1,  Mikro.^kop.  Anni.,  Bd.  l^  p.  809  ;  Lamletie  S'l.  (jM^ire**.  Htrk-k-  I 
er'ft  Hiimim  nnd  Conip*  Hiauili^^v,  vid.  ii,  1872,  p,  131  ;  Merkel,  T'  Idr, 
1^71,  p.  144,     Nt'UTnimn  (Ci^ntriilblttt^  IB72.  p.  86J)  wrUenda  th;t  tiv 

mertdy  dHnchetJ  eilin  developed  from  the  4?pirbeltnl  edls  linifit(  ll^, ^,..     !4«t 

V.  Ebner,  nho  HtJuhwn'a  Arubiv,  1872,  p.  26i* ;  Hi»rile,  ILHidbucb,  !ld.  ii,  p.  H-VJ. 

*  Kdniktr'ft  vinwa  ob  tlie  duvelopiijijtit  of  thg  apernialwEoa  are  illu^jat«d  in  Pbi. 
i^  Fig».  2  unda. 
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neyer  wanting  in  the  semen  of  animals  capable  of  procreation;  but  are 
absent,  or  imperfectly  developed,  in  the  semen  of  hybrids,  which  are  nearly 
or  entirely  sterile.  Moreover,  it  may  be  considered  as  certain  that  the  abso- 
lute contact  of  the  spermatozoa  with  the  ovum  is  requisite  for  its  fecunda- 
tion ;  whilst,  on  the  other  hand,  if  the  spermatozoa  be  carefully  removed 
from  the  liquor  seminis  by  filtration,  the  latter  is  entirely  destitute  of  fertil- 
ising power.^  Hence  the  presence  of  the  Liquor  Seminis  must  be  considered 
as  merely  incidental ;  and  as  answering  some  secondary  purpose,  either  in 
the  development  or  in  the  conveyance  of  the  Spermatozoa.  Heule'  observes 
that  whilst  the  Spermatozoa  retain  their  vitality  even  in  extreme  old  age, 
they  are  frequently  absent  in  the  seminal  fluid  of  those  suffering  from  dis- 
ease.' 

734.  The  power  of  procreation  does  not  usually  exist  in  the  Human  Male 
before  the  age  of  from  14  to  16  years;  and  it  may  be  considered  probable 
that  no  Spermatozoa  are  produced  until  that  period,  although  a  fluid  is 
secreted  by  the  testes.  At  this  epoch,  which  is  ordiuaril^  designated  as  that 
d Puberty^  a  considerable  change  takes  place  in  the  bodily  constitution;  the 
sexual  organs  undergo  a  much  mcreased  development ;  various  imrts  of  the 
snrfiice,  especially  the  chin  and  the  pubis,  become  covered  with  hair ;  tiie 
larrnx  enlarges,  and  the  voice  becomes  lower  in  pitch, ^  well  as  rougher 
and  more  powerful ;  and  new  feelings  and  desires  are  awakened  in  the  mind. 
Instances,  however,  are  by  no  means  rare,  in  which  these  changes  occur  at  a 
much  earlier  period ;  the  full  development  of  the  generative  oru;ans,  with 
manifestations  of  the  sexual  passion,  having  been  observed  in  children  but  a 
few  years  old.  The  procreative  power  may  last,  if  not  abused,  during  a 
TOTj  prolonged  period.  Undoubted  instances  of  virility  at  the  age  of  more 
than  100  years  are  on  record  ;  but  in  these  cases,  the  general  bodily  vigor 
was  preserved  in  a  very  remarkable  degree.  The  ordinary  rule  seems  to  be, 
that  sexual  power  is  not  retained  by  the  male  to  any  considerable  amount, 
after  the  age  of  60  or  65  years. 

735.  To  the  use  of  the  sexual  organs  for  the  continuance  of  his  race,  Man 
is  prompted  by  a  powerful  instinctive  desire  (§  556),  which  he  shares  with 
the  lower  animals.  This  Instinct,  like  the  other  propensities,  is  excited  by 
sensations;  and  these  may  either  originate  in  the  sexual  organs  themselves, 
or  may  be  excited  through  the  organs  of  special  sense.  Thus  in  Man  it  is 
most  powerfully  aroused  by  impressions  conveyed  tiirough  the  sight  or  the 
touch  ;  but  in  many  other  animals,  the  auditory  and  olfactory  organs  com- 
municate impressions  which  have  an  equal  power;  and  it  is  not  improbabje 
that,  in  certain  morbidly  excited  states  of  feeling,  the  same  may  be  the  case 
in  ourselves.  Localized  sensations  have  also  a  very  powerful  effect  in  excit- 
ing sexual  desire,  as  must  have  been  within  the  exi)erieuce  of  almost  every 
one ;  the  fact  is  most  remarkable,  however,  in  cases  of  Satyriasis,  which 

'  This  point  whs  completely  e:!itabli!>bt>d  by  the  researches  of  Mr.  Newport  (Phil. 
Trans.,  1851),  who  repeated  and  confirmed  the  ex{>erimentHl  results  previously  ob- 
tained by  Spallanzani  and  by  Prevost  and  Dumas. 

'  AnHtomio  des  Menschen,  p.  857. 

■  This  observation  has  been  supported  by  Manteprazza  and  Bozzi,  who  found  that 
in  88  caswof  various  forms  of  disease,  on  examination  of  the  Testis,  the  spermatozoa 
were  deficient  in  both  organs  in  12  case!*,  and  in  one  testis  in  9  cases,  whilbtthis  could 
only  be  referred  to  organic  lesion  of  the  testis  in  2  cases.  Gulliver,  On  the  Semen 
and  Seminal  Tubes  of  Mammals  and  Birds  (Proc.  Zool.  Soc,  July,  1842;  and  Edin. 
Med.  and  Surg.  Journ.,  1843,  vol.  Ix.  p.  158),  also  gives  many  examples  of  the  ab- 
sence of  fpermatoaoa  in  cases  of  disease  in  Man  and"  the  lowerAnimals,  and  in  birds 
during  the  winter.  He  has  found  that  the  spermatozoa  of  a  partieular  genus  may 
differ  reraarkably  in  chemical  and  other  characters.  Thus  in  the  Fringillidse  they 
are  quickly  dissolved  by  acetic  acid  and  other  reagents,  which  have  no  action  on  the 
club-abaped  spermatozoa  of  Uirundinidie. 
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dbeai^  i^  generally  found  to  be  connected  with  some  obvious  cauae  of  imta* 
tion  of  tbe  generative  &y§tein,  such  m  pruritus,  active  congestiou,  etc.  Tbnt 
stjrue  part  of  the  Encephaloo  is  the  seat  of  this  as  of  other  mstiuctive  pro- 
pensities, appars  from  the  considerations  foroierly  adduced ;  but  thai  iht 
Cerebellum  is  tbe  part  in  which  this  function  is  specially  locates  I,  cannot  be 
regarded  as  by  any  means  sufficiently  proved  (§|  554,  556).  The  ttiBtiu^t 
when  once  ti rousted  (even  though  ver\^  obscurely  felt),  acts  upon  the  mental 
iacnlties  and  moral  feelings ;  and  thus  becomes  the  source,  though  almost 
iinf^onscioujily  go  to  the  iudi vidua!,  of  the  tendency  to  form  that  kind  of  at- 
tachment towards  one  of  tbe  op|>osite  sex,  which  is  known  as  love.  Tbi* 
tendency  cantiot  be  regarded  as  a  simple  passion  or  emotion,  since  it  is  the 
rci^nlt  of  the  combined  operations  of  the  reason,  tbe  imagination,  and  the 
moral  feelings;  and  it  is  in  this  iugrat\menl  (so  to  speak)  of  tbe  psychical 
attaciimeut,  upon  the  mere  corporeal  instinct,  that  a  diiference  exists  between 
the  sexual  relations  of  Man  and  tliose  of  the  lower  animals.  In  prop<jrtioa 
as  the  Human  being  makes  the  temporary  gratification  of  the  mere  sexual 
appetite  bis  chief  object,  and  overiuoks  the  happiness  arising  from  spiritual 
communion  I  which  is  not  only  purer  Imt  more  permanent^  and  of  which  a 
renewal  may  be  anticipated  in  another  world, — does  he  degrade  himself  to  a 
level  with  the  brytes  that  perish.  Yet  how  lamentably  frequent  b  thia 
degradation, 

736,  When,  impelled  by  sexual  excitement,  tbe  Male  seeks  iDtercottnt 
with  tbe  Female,  the  ei^ctile  tissue  of  the  genital  org^ins  becomes  turgid 
with  bloofl  {§27t>),  and  the  surface  actju ires  a  much  increased  i^ensibilitf ; 
this  is  especially  acute  in  the  Glaus  penis.     By  the  friction  of  the  Gtani 
against  the  rugous  walls  of  the  Vagina,  the  excitement  is  increased ;  and 
the  impression  which  is  thus  produced  at  last  becomes  so  strong,  that  it 
calls  torlh,  through  the  medium  of  a  ganglionic  centre,  probably  p^itualed  ia 
the  lower  portion  of  the  Spinal  Cord,  a  reflex  contraction  of  the  mutKi-ular 
fibres  of  the  Vasa  Defen^ntia,  and  of  the  muscles  which  surround  the  Ye^c- 
ube  SeminalcB  and  Prostate  gland.     These  receptacles  discbarge  their  000- 
lents  into  the  Urethra;  from  which  they  are  expelled  with  some  degree  of 
force,  and  with  a  kind  of  convulsive  action  by  its  own  Compressor  niuiDC*lefl;  i 
wbilt^t  they  arc  prevented  from  pa.ssing  back  into  the  bladder,  accord  iug  ta  1 
Kobelt,  by  tbe  great  ,dis tension  of  the  Verumontanum  which  oecuns  during  | 
tbe  period'  of  erection.     Now  although  the  sensations  concerned  in  thii*  act  | 
are  ordinarily  most  acutely  plea^^urable,  there  ap()ears  sufficient  evidence  1 
that  they  are  by  no  means  essential  to  its  performance;  and  that  the  imprat^J 
sion  which  is  conveyed  to  the  Hpinal  Cord  need  fwt  give  rise  to  a  seimatioil,  | 
in  order  to  produce  the  reflex  contraction  of  the  Ejaculator  muscles  (§  507), 
The  high  clegree  of  nervous  excitement  which  the  act  of  coitioo  lovnlveiij 
proiiuces  a  subsequent  depression  to  a  corresponding  amouiit;  and  the  too 
frequent  repetition  of  it  is  productive  of  consecjuences  very  injurious  to  tbe 
general   health.    This  is  still   more  tbe  case  with  the  solitarv'  indulgence, 
which  (it  IS  feared)  is  practice  by  too  many  youths;  for  this  substitntiug aa 
unnatural  degree  of  one  kind  of  excitement'  for  that  which  ia  wanting  tii 
another,  cannot  but  be  still  more  trying  to  the  bodily  powers.     The  sirens- 
tion  of  seminal  fluid  being,  like  other  secretions,  very  much  under  the  con- 
troi  of  the  nervous  system,  will  be  increased  by  the  continual  dtreetion  af 
the  mind  towards  objects  which  awaken  the  sexual  propensity  (|  725);  and 
thus^  if  a  frequent  discharge  be  occasioned,  whether  ty  natural  or  untiatumi 
excitement,  a  much  larger  quantity  will  altogether  be  produce*!,  altboa^k 
the  amount  emitted  at  each   period' will  be  leas,  and  its  due  f>erfection  will 
not  be  attained,  the  fluid  under  such  circumstancee  being  found  to  contaia 
an  unduly  lai^  proportion  of  immature  seminal  cells.    The  formation  of 
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the  secretion  seems  of  itself  to  be  a  much  greiitcr  tax  upon  the  cor|K)real 

ewers  than  might  have  been  supposed  a  priori:  and  it  is  a  well-known 
:t,  that  the  highest  degree  of  bodily  vigor  is  inconsistent  with  more  than  a 
very  moderate  indulgence  in  sexual  intercourse;  whilst  nothing  is  more  cer- 
tain to  reduce  the  powers,  both  of  body  and  mind,  than  excess  in  this  respect. 
— ^These  principles,  which  are  of  great  importance  in  the  regulation  of  the 
health,  are  but  expressions  of  the  general  law  (which  prevails  equally  in  the 
Vegetable  and    in   the  Animal 

kingdom),  that  the  Development  fiu.  ao9. 

of  the  Individual  and  the  liepro- 
duction  of  the  Species  sta:ul  in  an 
iDversc  ratio  to  each  other. 

3.  Attion  of  the  Female. 

737.  The  essential  part  of  the 
Female  Generative  system,  is  that 
Id  which  the  Ova  are  pn'paro<l; 
the  other  organs  are  merely  ac- 
cessory, and  are  not  to  be  found 
ID  a  large  proportion  of  the  Ani- 
mal kingdom.  In  many  of  the 
lower  animals,  the  Ovarium  con- 
sists of  a  lo()se  tissue  containing 
many  areohe,  in  which  the  Ova 
are  formed,  and  from  which  they 
escape  by  the  rupture  of  the  cell- 
walls;  in  the  higher  animals,  as 
in  the  Human  female,  the  sub- 
stance of  the  Ovarium  is  firm  and 
compact,  and  consists  of  a  nu- 
cleated, tough,  fibrous,  connec- 
tive tissue,  with  much  inter- 
sperreil  fusiform  muscular  tissue 
forming  what  is  known  as  the 
Mroma.  It  originates  in  a  snnill 
outgrowth  of  the  inner  surface  of 
the  Wolffian  body,  the  regular 
columnar  epithelial  investment  of 
which,  probably  derived  fnmi  the 
epiblast,  and  contrasting  strongly 
with  the  flattened  epithelium  of 
the  rest  of  the  |>eritoneal  cavity, 
is  thickened  at  this  spot.  The 
epithelium  is  the  rudiment  of  tiie 
Graafian  follicles  and  ova,  whilst 
the  outgrowth  is  destined  to  form 
the  vascular  stroma  of  the  ovary. 
As  development  proceeds  the  cells 
of  the  su|)erficial  columnar,  or  so-called  germ  epithelium  multiply,  and  single 
cells  or  grou|)s  of  cells,  round,  ovoid,  or  tubular,  come  to  be  inclosed  in  the 
tissue  of  the  ovary  by  delicate  vascular  pro<resses  which  siioot  forth  from  the 
stroma.     These  cells  constitute  the  primordial  ova,*  each  of  which  is  there- 


Froiu  thi-  ovarium  <>r  nil  old  liiti-h.  n,  ^'orni  i-|iith«^ 
liuin  :  h,  ova  rial  (iiIh*;  r,  r,  yoiin^  (traati:iii  follich's:  d, 
uMor  fnllicli';  <•.  discus  proIlpTUH,  with  ovum  ; /,  I'pi- 
thrlium  of  a  second  ovum  in  the  mnw  follicle:  ;/,  tlh- 
ruus  tunic;  h,  tunica  propria  foUiouli;  f,  cpitbi'liuni  of 
the  fulliclv  (mvnihrnna  ^^ranulosa'i. 


*  For  Uio  literature  of  th(?  Ilistoloi:;-  of  ihi*  Ovarii»s  i)|>  to  1871.  m'i;  Art.  Ovary  and 
Furuvariuin,  by  W. WuldeyiT,  in  Stricki'r's  Hum.  and  C«)MI|i.  Histology,  Syd*  Sue. 
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fore  a  persistent  cell  of  a  peculiar  epithelial  formation ,  When  mntufe  •"> 
primordial  ovum  has  a  diameter  of  200  //^  (and  since  n  represents  a  micru- 
BiHiiiuetre  or  0.00000 ;.i 2809  of  an  inch.  200  /i  would  equal  ,0006i=HU8,  or  alnrnt 
'^^:fth  of  an  iuch)^  and  is*  corstained  within  a  capsule  termed  the  Graafian  foh 
liele  or  ovisac/  In  a  large  Graafian  follicle  we  may  distinguish  a  conneetivf- 
tissue  investing  menibrane*  which  is  composed  of  two  layers,  the  fimi^a  fib- 
ram  (t/^  Fig,  309 j  and  the  tunica  jyropmt  foUwuti  ih);  the  latter  is  liuetl  (in 
its  internal  surface  by  stratified  columnar  epithelium  (i),  constituting  the 
epithelium  of  the  folJiele  or  memhrnna  tjrmudjQia.  The  membraim  gnuuiWa 
is  collected  around  each  ovum  into  a  disk-like  tnvej^tment  termed  the  dijieiit 
proHgeru»  (e.  Fig.  309),  and  the  remainder  of  the  follicular  cavity  coutninfl 
E  clear  fluid,  the  lifiuor  jQUmdi  The  earliest  rudiment  of  every  ovnm  rnn* 
aisti  of  a  simple  cell  with  soft  granular  protoplasm  unin closed  by  n  mem- 
l>rane,  a  nucleus  and  a  nucleolus.  The  protoplasra  of  the  primordijil  <t11  k 
tenned  the  formative  or  principal  yolk,  since  it  alone  undergoes  segmeiiui- 


i^»\»i 


A,  primordlftl  ("gg  of  Man.  tmm  to  eight  mouLh^'  fotlii^;  B,  pHmordlftl^Blor  lUbbU .  fX  pitaMnfill  1 
folUt'lc  Ufa  PlgtMjD ;  D,  i  $omewtiat  oidei-  f^MUrh'  frnm  m  Pigeon,  sbovtog  eoaiM«iielng  faniiNlkia  dfflt** 
otnlar^r  yulk ;  ^.  bJCad  tind  of  the  ov^ry  of  ftn  AscArti  nif^ro-venoAA,  «hawtn^  fomlQiiJ  vi>»l,rjf,  jT^rmiiitl 
•p0t.  and  Ui  sutue  [m^inuce*,  n  Schrnn's  grantilti  iu  a  dllfuie  nuai  of  prcMtOplHiiii ;  F,  cgjf  of  AscArti  ittlt 
Irotii  akiut  Lfau  middle  <»f  thci  ovary. 

G,  an  Otuhi  from  the  Graaflan  FolUcle  at  a  Rabbit    a^  epIUit^Hum  i^f  the  Oram*  ^rt  t%f  ihri  dlM-tia  | 
|iTo]lgfjm:i;  &,  radially  alriatpd  zona  jx'Uuplda^  e,  gemiiiiat  Tntclc;  d,  gcrmlaal  ipot;  #,  y<ilk. 

tion  and  development  The  nucleus  is  termed  the  germinal  vehicle  (r«*i>- 
w/a  f^ermmatmi)  (c,  Fig.  310;  i%  Fig.  311),  and  the  nucleolus,  tlie  gcniiiaftl 
spot  (Macula  germhialiva)  (df,  Fig.  310;  tg^  Fig.  311)-     Whilst  fttill  wilhitl  | 

Trnn?L,  1872,  voL  ii;  p.  164.    Bincc  ihGn  tbcro  hwi^r  uppi^nrpd  K^pW,  livivht^rVs  Af^biT,  j 
187li,  J).  51H,  dfnjingi  and   Ronilii,  ^thulup'^  ArcUiv,  Bd*  x,  p   201,  niMi   Borr*.  It*** 
cht^rt'i*  Arehh'i  1874,  p.  118,  corraborntiri!*  WMld^ver's  hlsUilai^k-iil  tib»Hrvi*tiuQt. 
^  Barry,  RBsedrchea  in  Embryology,  lat  series,  in  Pbiloff,  TranMcU,  183S. 
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the  Graafian  follicle  the  ovum  becomes  surrounded  by  a  series  of  secondary 
ibrmationsy  which  are  collectively  to  be  regarded  as  products  of  the  follic- 
ular epithelium.  To  these  belong  the  vitelline  membrane  or  membrane 
mclosiog  the  yolk,  which  on  account  of  its  thickness  and  peculiar  trans- 
parency has  received  in  Mammalia  the  distinctive  appellation  of  Zona  pel- 
meida  (b.  Fig.  310;  mv,  Fig.  311),  and  the  food  yolk  or  secondary  yolk. 
The  zona  pellucida  in  Mammals  appears  to  be  perforated  by  numerous  fine 
poreSy  which  confer  upon  it  a  striated  aspect;  it  is  highly  elastic,  and  when 
torn  with  needles  the  edges  roll  back  and  the  contents  issue  in  a  stream.  It 
resiats  to  a  considerable  degree  the  action  of  acids  and  alkalies.  When  ma- 
tare  the  Human  Ovum  is  extremely  minute;  not  measuring  above  T-iir^h  of 
an  inch  in  diameter,  and  being  sometimes  no  more  than  half  that  size.  The 
diameter  of  the  germinal  vesicle  of  the  Human  Ovum  has  not  ^et  been  as- 
eertained,  owing  to  the  difficulty  of  isolating  it  from  the  yolk;  in  the  ovum 
of  the  Rabbit,  it  is  about  ^^gth  and  in  the  Guinea-pig  about  tt(io^^  ^^  ^^ 
inch;  and  that  of  the  germinal  spot,  in  the  Mammalia  generally,  is  from 
nVn^^  ^  77^0^^  of  an  inch. 

738.  In  Flate  I,  Fig.  4,  is  represented  the  condition  of  the  Graafian  vesi- 
cles in  various  stages  of  development,  as  they  are  seen  imbedded  in  the 
fibrous  stroma  of  the  ovarium,  in  a  thin  slice  m)m  the  ovary  of  a  sow  three 

Fio.  311. 


Constituent  parts  of  Mammalian  OTum  :  a,  entiru;  b,  ruptured,  with  the  contents  escaping  ;—m  v, 
Tltf nine  membrane ;  j,  yollc ;  v  g,  germinal  vesicle ;  /  ff,  germinal  spot. 

weeks  old.  The  ovum  at  first  occupies  the  centre  of  the  Graafian  vesicle, 
but  it  subsequently  removes  to  its  periphery ;  and,  when  the  contents  of  the 
ovisac  are  undergoing  maturation,  prior  to  their  escape,  the  ovum  is  always 
found  on  the  side  of  it  nearest  to  the  surface  of  the  ovary.  The  proper  O  vi.sac, 
whose  wall  is  formed  of  a  nou-vascular  membrane,  is  surrounded  by  a  vas- 
cular layer,  which  is  formed  by  a  conden.sation  of  the  ordinary  stroma  of 
the  ovarium;  it  is  this  which  is  usually  described  as  the  outer  layer  of  the 
Graafian  vesicle. 

739.  A  continual  change  seems  to  be  taking  place  in  the  contents  of  the 
Ovarium  during  the  greater  part  of  life;  certain  of  the  Ovisacs  or  Graafian 
vesicles,  and  their  contents,  successively  arriving  at  maturity,  whilst  others 
degenerate  and  die.  According  to  the  valuable  inquiries  of  Dr.  Ritchie,*  it 
appears  that  even  during  the  period  of  childhood,  there  is  a  continual  rup- 
ture of  ovisacs  and  discharge  of  ova,  at  the  surface  of  the  ovarium.  The 
Ovaria  are  studded  with  numerous  minute  copper-colored  maculae,  and  their 
BurfiEU^  presents  delicate  vesicular  elevations,  which  are  occasioned  by  the  most 
maturea  ovisacs;  the  dehiscence  of  these  takes  place  by  minute  punctiform 

1  London  Medical  Gazette,  1844.  See  also  Foulis,  Brit.  Med.  Journ.,  1875,  p. 
841. 
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openingi?  lu  the  peritonea!  coftt,  flod  no  cicatrix  ia  left*  At  the  period  fif 
puberty^  the  stronui  of  the  ovariura  is  crowde^l  with  ovisacs;  which  are  still 
so  niiiiiite,  that  in  the  Ox  (according  to  Dr,  Barry's  coiiiputatiou)  a  rulnc 
inch  would  contain  200  miilioit^  of  them.  The  ji^renicsft 
advance  is  seen  in  those  which  are  f^ituated  oeareat  the 
surface  of  the  Ovarium;  and  in  s^ueh,  theGranfian  vmcle, 
with  its  two  eoat^,  may  be  distinctly  traced.  In  those 
animals  whose  aptitude  for  conception  k  periodical,  the 
development  of  the  ova  to  such  a  decree  that  they  be* 
come  prepared  for  fecundation,  is  periodical  al$^.  Tbit 
development  is  naa<le  evident,  when  the  parts  are  tn- 
amined  in  an  animal  which  h  '*in  heat "  by  the  pn>jec* 
tion  of  the  Graatian  vesiulea  from  the  surface  (Fi^.  *H2): 
and  it  consists  not  merely  in  an  increase  of  Pize,  but  ill 
certain  internal  changes  presently  to  be  described  (S  744), 
740.  In  the  Human  female,  the  period  of  Pttbert^,  or 
commencing  aptitude  for  pnK^reation,  is  usually  between 
the  13th  and  I6th  years:  it  is  generally  thought  to  be  some- 
what earlier  in  warm  climates  than  in  cold/  and  in  deu^ly 
populated  manufacturine:  towns  than  in  thinly  pei>pled 
agricultural  districts.  The  mental  and  biKiily  habit8  of 
the  individual  have  also  considerable  influence  upon  the 
time  of  itB  occurrence ;  girls  brought  up  in  the  niifi<  of 
luxury  or  sensual  indulgence,  undergoing  this  change 
earlier  than  those  reared  in  hardihood  and  ik?H-dciiijd. 
The  changes  in  winch  puberty  c*mfii»tsi,  are  for  the  most 
part  connected  with  the  Reproductive  system.  The  ex- 
ternal and  internal  organs  of  generation"  undergo  a  wn- 
giderable  increase  of  sixe;  the  mammary  glands  enlarge; 
and  a  deposition  of  fat  takes  place  in  the  mammsc  and  on  the  pulies,  as  well 
as  over  the  whole  surface  of  the  body,  giving  to  the  person  tmit  round nasa 
and  fulness,  which  are  m  attractive  to  the  opposite  sex  at  the  period  of  com* 
mencing  womanhood.  The  first  appearance  of  the  Catamenia  usually  oirum 
whilst  these  changes  are  in  progress,  and  is  a  decided  indication  of  the  arrival 
of  the  i>criod  of  puberty;  but  it  is  not  unfrequently  delayed  much  longer;  atid 
its  absence  is  by  no  means  to  be  regarded  as  a  proof  of  the  want  of  aptitude  for 
procreation,  since  many  women  have  borne  large  families  without  having  ever 
menstruated.    The  Oatamenial  discharge,  a^  it  issues  from  the  uterut^  apfieam 


DvnnuiE]  uf  ihi"  Rail- 
bit,  at  Mic  pinlod  af 
Merit  vKliowLogTArlou] 

of  or*. 


*  II  hajs  been  stated,  by  nlmust  all  phy^iobgicftl  writer?,  thnt  women  (tikfl  frulti) 
nmoh  rmiltirity.  »thI  that  rncn»truniion  eomnumces,  tuufh  i?»rlit!P  in  hut  t'limnt^.  p«f^ 
tii^ulttrly  between  the  tn-pics,  thnn  in  temjKTiiti*  tind  V4?fv  culd  euiinirt«9^  Ffobi 
waniiv  tTkboniic  nnd  inter*?Hin^  pupersi  which  hiive  been  pulili^bed  within  ii  f*<w  y«*iir*, 
hownv^r*  especiatly  from  tiioSR  itf  Mr.  Knherlon  of  MMncUesler  (coUei-tf^d  w  lii*  E*- 
myi-  on  M **« r* t rati t ton,  lOid  on  FrHciKMil  MidwitVry,  1861),  it  w*>u1d  ewtn  that  the 
nwliirwl  penud  of  pubert)^  in  tcmpemti^  cUmnie*  occurs  In  ii  much  muTi*  i^xtvtt^vd 
runire  oi  »f^es^  Rnd  is  miK^h  more  e<|UnUy  distdbated  tiiroii|^h  thiit  r*iT*jft*,  thmti  <Jtb<?rs 
bnve»Uog(Ml ;  &nd  thnt,  in  other  conntriesf  the  supposed  purHllel  bcstwef^o  pUnt?  *lid 
fruit*  doea  not  hold  good.  The  fact  feums  to  be*  ihiit  this,  like  other  ptnmlur  phcnamp 
enii  of  warm-blooded  an>mfll?i  is  but  ljtll«  influt-ncpd  bj^  I'Xlwnml  tempt^rtttiir**,  dim- 
ply bec&U^O  the  rftt©  of  growth  and  developmenti  of  which  tbe*e  pheni,ynien«  are  the 
e3t|ionc*nis,  ia  dolerminfed  bj  the  temperature  of  the  bfHJy  iucif*  not  by  tlmt  at  the 
«nrroundinfi^  medium,  Still  it  ia  quite  po^t^ible  thtut  eiternml  WMrmth  mttyhav«»ft 
sltj^ht  influence  in  detormining  early  puberty;  since,  n*  ulremiy  fihowxi^  it  lemb  \o 
nmiutuin  aaomuwhat  hii|;her  degfea  of  bodily  heat  {|  425)  According  to  S^uktt^ 
thfl  nvHrage  uge  Ht  which  the  calumenia  iippear  amongat  Gi^rmHn  women  u  )^  yurt; 
fcceording  to  Brierre  de  Boismout,  it  oi^cura  u  year  earlier  \n  PariaiMn  girV  ** ^ 
Healo  and  Meiataer's  Bericbt,  I867t  p,  606. 
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to  be  nearly  or  quite  identical  with  ordinary  blood ;  but  iu  its  passage  through 
the  vagina,  it  becomes  mixed  with  the  acid  mucus  exuded  from  its  walls, 
which  usually  deprives  it  of  the  power  of  coagulating.  If  the  discharge 
•hould  be  profuse,  however,  a  portion  of  its  fibrin  remains  unaffected,  and 
clots  are  formed.  In  cases  in  which,  by  the  death  of  women  at  this  period, 
an  opportunity  has  been  afforded  for  the  examination  of  the  lining  membrane 
of  the  uterus  during  menstruation,  it  is  found  to  be  unusually  turgid  with 
hlood,  the  veins  in  particular  being  much  distended,  and  opening  upon  the 
internal  surface  by  capillary  orifices,  to  which  valvules  are  occasionally 
found  attached.^  Hence  it  is  scarcely  correct  to  designate  the  menstrual 
flux  as  a  "secretion;"  although  there  is  reason  to  think  that  it  may  carry 
off,  besides  blood,  certain  matters  which  would  be  appropriate  to  the  forma- 
tion of  a  Decidual  membrane  (§  751),  but  which,  if  not  so  employed,  become, 
ezcrementitious. — The  interval  which  usually  ela])ses  between  the  successive 

Kpearances  of  the  discharge,  is  about  four  weeks;  and  the  duration  of  the 
w  is  from  three  to  six  days.  There  is  great  variety  in  this  respect,  how- 
ever, among  the  inhabitants  of  different  climates,  and  among  individuals;  in 
general,  the  appearance  is  more  frequent,  and  the  duration  of  the  flow 

{greater,  among  the  residents  in  warm  countries,  and  among  individuals  of 
uxurious  habits  and  relaxed  frame,  than  among  the  inhabitants  of  colder 
climes,  or  among  individuals  inured  to  bodily  exertion.  The  first  appear- 
ance of  the  discharge  is  usually  preceded  and  accompanied  by  considerable 
general  disturbance  of  the  system,  especially  pain  in  the  loins  and  a  sen.sc  of 
&tigue  in  the  lower  extremities;  and  its  periodical  return  is  usually  attended 
with  the  like  symptoms,  which  are  more  or  less  severe  in  different  individuals. 
741.  Much  discussion  has  taken  place  respecting  the  causes  and  purposes 
of  the  Menstrual  flow ;  and  modem  inquiries  have  thrown  great  light  upon 
them.  The  state  of  the  female  generative  system,  during  its  continuance, 
appears  to  be  analogous  to  the  heut  or  periodic  sexual  excitement  of  the 
lower  animals ;  some  of  which  have  a  sero-sanguinolent  discharge  at  that 
period,  and  among  many  of  which  the  ova  are  entirely  extruded  by  the 
female  before  the  spermatic  fluid  of  the  male  reaches  them,  this  occasion- 
ally taking  place  even  in  Birds.  There  is  good  reason  to  believe  that  in 
the  Human  female  the  sexual  feeling  becomes  stronger  at  the  period  of 
menstruation ;  and  it  is  quite  certain  that  there  is  a  greater  aptitude  for 
Conception  immediately  before  and  after  that  epoch,  than  there  is  at  any 
intermediate  period.  Observations  to  this  effect  were  made  by  Hippocrates, 
and  were  confirmed  by  Boerhaave  and  Haller ;  indeed,  coitus  immediately 
after  menstruation  appears  to  have  been  frequently  recommended  as  a  cure 
for  sterility,  and  to  have  proved  successful.  This  question  has  been  made 
the  subject  of  special  inquiry  by  M.  Kaciborski ;  who  affirms  that  the  ex- 
ceptions to  the  rule — that  conception  occurs  immediately  before  or  after,  or 
during  menstruation — are  not  more  than  6  or  7  per  cent.  Indeed,  in  his 
latest  work  on  the  subject,*  he  gives  the  details  of  fifteen  cases,  in  which 
the  date  of  conception  could  be  accurately  fixed,  and  the  time  of  the  last 
appearance  of  the  catamenia  was  also  known ;  and  in  all  but  one  of  them, 
the  correspondence  between  the  two  periods  was  very  close.  Even  in  the 
exceptional  cose,  the  catamenia  made  their  appearance  shortly  afler  the  co- 
itus ;  which  took  place  at  about  the  middle  of  the  interval  between  the  two 
regular  periods.  When  conception  occurs  immediately  before  the  men- 
strual jieriod,  the  catamenia  sometimes  appear,  and  sometimes  are  absent ; 
if  they  appear,  their  duration  is  generally  less  than  usual.     The  fact  that 

>  See  Whitehead,  On  Abortion  and  Sterility,  pp.  13-87. 

'  Sur  la  Ponte  ded  Mammii'dres,  Paris,  1844.     See  also  Lancet,  1871,  vol.  1,  p.  421. 
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concept  J  till  often  takes  place  im  mediately  bef&re  the  last  appearance  of  the 
catamenia  (and  Dot  ajier  it,  m  comraonly  imagined),  i.^  one  well  koown  to 
practical  men. — l^umerons  eai^es  have  been  collecte<!  by  Mr.  Girdwofid,  Dr, 
Robert  Lee,  MM.  Gendrin,  Negrk-r,  Racibor^iki,  and  othen*,  in  which  the 
menstruiil  |icriod  was  evidently  connected  with  the  maturation  aud  dis- 
charge of  ova  ;'  but  the  mmi  complete  observations  yet  made  on  this  eub- 
ject,  are  those  of  Dr,  Ritchie  (loc,  citj.  He  stales  that  about  the  jieriod  of 
puberty  a  marked  change  usually  takes  place  in  the  mi>de  in  which  the  ovi- 
sacs discharge  their  contents  ;  but  that  thi^  change  does  not  necessarily  occur 
simultaneously  with  the  first  appearance  of  the  catamenia ;  as  id  some  casei 
the  conditions  which  obtain  in  the  period  before  puberty,  are  extended  into 
that  of  menstruation.  The  ovaries  now  receive  a  much  larger  supply  of 
blocjd  \  the  ovisacs  show  a  great  incj-ease  in  bulk  and  vascularity ^  so  that, 
when  they  appear  at  the  surface  of  the  ovary,  they  present  themselv^  a* 
pisiform  turgid  elevations ;  and  the  discharge  of  their  contents  lea  ires  a 
much  larger  cicatrix,  and  is  acconjpanied  by  an  effusion  of  blood  into  thtir 
cavity,  with  other  subsequent  changes  to  be  presently  described*  It  woahl 
appear,  however,  that  although  such  a  discharge  takes  place  mod  frcqumdt^ 
at  the  menstrual  f^eriod,  yet  the  two  occurrences  are  not  ne<?c5^arily  e\K 
existent;  for  menstruation  may  take  place  without  any  such  rupture;  whibt, 
on  the  other  hand,  the  maturation  and  discharge  of  mature  ova  may  0(*cur 
in  the  intervals  of  menstruation,  aud  even  at  periods  (if  life  when  that  func* 
tion  is  not  taking  place.  Perhaps  the  most  correta  general  statement 
on  the  subject  would  be  this:  that  there  Is  a  periodic  return  of  Ovarinn 
excitement,  which  tends  to  the  maturation  aud  extru?.ion  of  ovules,  though 
it  may  not  aiways  reach  that  point;  whilst  there  is  also  a  periodic  turgw- 
ceoce  of  the  ve^ssels  of  llie  lining  membrane  of  (he  Uterus,  which  knfijt  fo 
the  production  of  a  decidual  membrane; — but  that  these  two  periods  though 
usually  coincident,  are  not  necessarily  ao;  and  that  either  change  inay  occur 
without  the  concurrence  of  the  other 

742.  The  dnmtiou  of  ihe  period  of  aptitude  for  procreation,  as  marked 
by  the  per^is?tence  of  the  Cat  a  men  ia,  is  more  limited  in  Women  than  ta 
leu,  usually  terminating  ut  about  the  45th  year;  it  is  sometimes  prolouge<l, 
iowever,  tor  ten  or  even  litleen  ye-am  further;  but  eaaes  are  rare  in  which 
women  above  50  years  of  age  have  borne  children.'  There  is  usually  nu 
menstrual  flow  during  pregnancy  and  lactation;  in  fact,  the  cessation  of  the 
catamenia  is  generally  one  of  the  first  sign  a  indicating  that  conception  ha« 
taken  place.  But  it  is  by  no  means  uncommon  for  them  to  appear  once  or 
twice  subscf|ueutly  to  conception  ;  and  in  some  women  there  ia  a  regular 
monthly  discharge,  though  probably  not  of  the  usual  character,  through  the 
whole  period.  Bo  me  very  anomalous  cases  are  on  record,  in  which  the  cata* 
meuia  never  appeared  at  any  other  time  than  during  pregnancy,  and  were 
then  regular.  The  absence  of  the  catamenia  during  lactation  h  by  no  meani 
constant,  especially  if  the  period  be  prolonged  ;  when  the  menstrual  discbarge 
occurs^  it  may  be  considered  as  indicating  an  aptitude  for  concept  ion  ;  and 


*  Bueb  Rl  l&Mt  appear*  ta  he  the  legitinifit*?  Inrefetice  from  the  ?lnt<*  of  ih^  Ovarii^; 
but  tlio  ciise*  are  \'vfy  ft-w  in  wbicb  tht«  extruded  Ova  Unve  hmm  fiA\n4  in  tbo  fpmii1t< 
pHssa^es*  Twa  such  ciisr.'s  (onu  of  thc'm,  however,  not  illagvtb^r  &tili.*fiicuiry  i  w«r« 
recorded  by  Dr   Letbeby,  Jn  PJiiltH.  Trnnmict.,  18 52. 

^  Br  MaLlhttwfi  DuneHii  hna  clearly  sh«wn  (Tnine,  Ray.  Soc.  of  £din.,Tol.  xjtiii, 
p.  16S)  that  the  toLiiL  f'vrtllity  of  furtilu  women  dim mishp!^  a^  ihn  Age  al  wbicb  amr- 
ringe  takos  place  incrcHjies.  SieHlit^'  h  mre  amon^jst  ibosc  lUArryiiij^  b«twc3<*n  I  hi 
age«  of  20  and  24,  but  wbotit  7  per  ^eul,  of  tbo»©  mfirrving  between  16  find  30  ir* 
Rl<?rile*  The'ie  liiBt,  howovur^  whert*  ft^rtile,  tt^nr  more  child ren  tban  those  mftrryinf 
tit  1%  later  dtttt^ 


FORMATION   OF    THE   CORPUS    LUTEUM.  895 

it  18  well  known  that,  although  pregnancy  seldom  recurs  during  the  contin- 
uance of  lactation,  the  rule  is  by  no  means  invariable. 

743.  The  function  of  the  Female,  during  the  coitus,  is  essentially  |)assive. 
When  the  sexual  feeling  is  strongly  excited,  there  is  a  considerable  degree 
of  turgescence  in  the  erectile  tissue  surrounding  the  vagina,  and  composing 
the  greater  part  of  the  nymphae  and  the  clitoris;  and  there  is  an  increased 
secretion  from  various  glandular  follicles.^  But  these  changes  are  by  no 
means  necessary  for  effectual  coition ;  since  it  is  a  fact  well  established,  that 
fruitful  intercourse  may  take  place  when  the  female  is  in  a  state  of  narcotism, 
of  somnambulism,  or  even  of  profound  ordinary  sleep.  It  has  been  sup- 
posed by  some  that  the  os  uteri  dilates,  by  a  kind  of  reflex  action,  to  receive 
the  semen ;  but  of  this  there  is  but  little  evidence.  The  introduction  of  a 
small  quantity  of  the  fluid  just  within  the  vagina,  appears  to  be  all  that  is 
absolutely  necessary  for  conception ;  for  there  are  many  cases  on  record  in 
which  pregnancy  has  occurred,  in  spite  of  the  closure  of  the  entrance  to  the 
vagina  by  a  strong  membrane  in  which  but  a  very  small  aperture  exi^tted. 
That  the  spermatozoa  make  their  way  towards  the  ovarium,  and  fecundate 
the  ovum  either  before  it  entirely  quits  the  ovisac  or  very  shortly  afterwards, 
appears  to  be  the  general  rule  in  regard  to  the  Mammalia ;  and  their  power 
of  movement  must  obviously  be  both  vigorous  and  long  continued  to  enable 
them  to  traverse  so  great  an  extent  of  mucous  membrane,  especially  when 
it  is  remembered  that  they  ascend  in  opposition  to  the  direction  of  the  ciliary 
movement  of  the  epithelial  cells,  and  to  the  downward  peristaltic  action  of 
the  Fallopian  tubes,  which  may  generally  be  noticed  in  animals  killed  soon 
after  sexual  intercourse. — We  shall  now  consider  the  changes  in  the  Ovum 
and  its  appendages,  by  which  it  is  prepared  for  fecundation. 

744.  Lp  to  the  period  when  the  Ovum  is  nearly  brought  to  maturity,  it 
remains  in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian  follicle ; 
and  it  is  sup|>orted  in  its  place  by  the  ''  membrana  granulosa,"  which  is  con- 
tinuous with  its  proligen)Us  disk.  The  movement  of  the  ovum  towards  the 
surface,  which  has  been  already  referred  to  as  a  part  of  the  changes  by 
which  it  is  prepared  for  fecundation,  appears  from  the  observations  of  Val- 
entin to  be  due  to  the  following  cause :  In  the  immature  ovisac,  the  space 
between  its  inner  layer  and  the  ovum  is  for  the  most  part  filled  up  with  cells  ; 
these,  hi>wever,  gradually  dissolve  away,  es})ecially  on  the  side  nearest  the 
surface  of  the  ovary  ;  whilst  an  albuminous  fluid  is  effused  from  the  deeper 
part  of  the  ovisac,  which  pushes  the  residual  layer  (^forming  the  discus  pro- 
ligerus)  before  it,  and  thus  carries  it  against  the  opposite  wall.  At  the  same 
time,  there  is  a  gradual  thinning  away  of  the  various  envelopes  of  the  Graa- 
fian follicle,  as  well  as  of  its  own  walls,  in  the  situation  of  its  most  projecting 
part ;  and  thus  it  is  preparing  to  give  way  at  that  point,  for  the  discharge  of 
the  contained  ovum,     ^before  rupture  takes  place,  however,  the  ovisac  itself 

*  Tho  glandft  of  Duvomcy,  which  were  very  accumlt'ly  dc8cribi»d  by  Professor 
Tiedcnian  (1840),  and  subsequently  by  M.  Uuguier  in  the  Archives  d'Anatomie  (1847), 
feem  to  be  analogous  to  Cowpor'^  glands,  and  like  them  are  sometimes  wantint;  and 
differ  in  fIzc.  ]n  advanced  age  they  arc  said  to  dimini^h  in  size,  and  even  to  disap- 
pear. They  are  present  in  the  females  of  all  animals,  where  Cowper's  glands  exist  in 
the  males.  They  secrete  a  thick,  tenacious,  grayish-white  fluid,  which  is  emitted  in 
large  quantity  at  the  termination  of  the  sexual  act,  most  likely  from  the  8pasnH>dic 
contraction  of  the  constrictor  vaginto  muscle,  under  which  they  lie.  Its  admixture 
with  tho  male  semen  has  been  supposed  to  have  s(>me  connection  with  impregnation  ; 
but  no  proof  whatever  has  been  given  that  any  such  admixture  is  nr'cessary.  It  seems 
not  improbable,  however,  that  it  may  serve,'like  the  prostatic  fluid  of  the  mnle,  to 
give  a  (iUuiiMi  to  the  seminal  fluid  that  is  favorable  to  its  action  (J  781).  These  glands 
were  probably  known  to  the  ancients;  and  it  is  doubtless  their  secretion  which  Hip- 
pocrates and  others  describe  as  the  female  semen. 
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undergoes  a  considerable  change,   lu  walls  become  more  vascular  exterDallv, 
and  are  thick eued  ou  their  interior  by  the  depf*sit  tjf  a  fle*^hy-ltM>k'mg  feut 

stance,  whii-h   iu   many  of  the  \ovm 
Fio.  sia  Mammalia  Ib  of  a  reddiab  c*>ior,  whilit 

ill  the  Huaiau  female  it  is  rather  of  i 
yellowish  hue,  Thh  substance,  ktiown 
a*  the  CurjniA  /wf^tim,  is  at  first  eoiiir!? 
composed  of  au  aggregation  of  t'^lh 
(Fig,  313  J,  and  may,  in  fact,  bu  wa- 
eidered  as  an  increased  devt^lopniisut, 
or  hypertrophy,  of  the  **  mettibraiia 
gratmlosa"  or  epithelial  liijiug  of  the 
ovimc;  many  of  it*  cells,  bowevi?r, 
especially  those  iu  appojsitiou  with  the 
enveloping  wall  of  the  ffjilicle,  undergo 
a  more  or  less  complete  transformation 
into  fibres;  and  ibna  a  gradual  transition  is  established  between  the  eellular 
substance  of  the  interior  of  the  mass,  and  the  fibrous  stroma  of  the  Ovarium 
itfl*iltJ  In  moat  domestic  quadrupeds,  this  growth,  which  sprouts  like  &  mais 
of  granulations  from  the  lining  of  the  ovisac,  is  often  so  abuodaut,  if  the 
ovum  be  impregnated,  as  not  ordy  to  fill  the  cavity  of  the  ruptured  vesicle, 
but  even  to  protrude  from  the  orifice  on  the  surface  of  the  ovary  ;  this  orifice 
subset juently  closes,  and  the  contained  growth  bet^omes  gradually  firmer,  its 
color  changing  Irom  red  ta  yellow.  In  the  Human  female,  however,  m  iu 
the  Sow,  this  new  formation  is  at  first  less  abundant ;  it  does  not  form  mam- 
rail  la  ry  projections  from  the  interior  of  the  ovi^c,  but  lies  as  a  uniform  layer 


Celli  fonnlag  the  <3ri|i;liifl.1  tubfttasee  of  tbe 


4 
< 
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F!«.  314* 


e  /  g  h 

Siie^rejuWe  simjivn  *jf  tlie  rdrtniLUon  of  t!i«  Corpus  Lutcutu,  In  Ihn  (inntAan  Mllcte  f»f  Oi^  Saw,  WBwmm 

ia  veTllciiJ  HpciJon;  at  a  habowtt  th^  stftUoriKe  follicle  tiunu^iRtcljnrtf'r  lfieci|ml '  ^  -  -*«!■, 

liAoiiThjbclnK  IllliFd  wHH  blood*  and  no  cwti'D^IMe  tncreaie  of  it*  «plUieliir  Uuing  >■  Vrn 

p\iux ;  ftt  b,  a  (bickc^ulug  of  tbij  iiniiii^  bu  bcci>Eae  apparent  \  at  i:-,  it  b%'i|^iiii  la  prvii«ti  l  >  &» 

diM?peu(*(J  at  tl,  and  tUe  cJat  of  blood  l»  mbnorhfid pari poun,  »Dil  ml  th":  ^mue  liijjv  den  L»iuri*i,xl ,  acwii- 
tijtiimixee  of  lb«  mmn  i^roceH,  aa  aliowti  at  d,/,  ff,  h,  furuu  tiii;  Carpus  Liitcurti,  wttb  Um  «tvll]ii.l«!  ckatrU. 

upon  its  lining;  and  this  is  thrown  into  wrinklea  or  folds,  in  consequence  ol 
the  contraction  of  the  ovisac  (Fig.  814,  a — t^).  An  irregular  cavitv  is  ihua 
at  first  left  in  the  interior  of  the  ovisac,  after  the  discharge  of  the  ovuui ;  but 


<  By  ^otne  observers,  as  Kolliker,  iho  principol  purt  of  the  new  growilt  in  re|tiirded 
af  the  result  *»f  h  hypenrophy  of  the  internul  Inyer  <>f  tb*"  flbrtni^  menibritn*  *tf  iht 
originrtl  foIJIcifl,  which,  evon  beforis  the  einuUion  of  the  ovwm,  beeomc*  liRwea»'d  ia 
tenure  and  Hu^nwnied  in  thicknt^^n.  The  fnct  seems  to  be,  that,  «*  in  th©  t?*j»e  nf  th# 
Mitlpighiim  bt>dit'K  uf  the  S|»lten  (J  212,  iti|,  tbcro  la  no  di«linct  line  of  d^mnrvjiUiiii 
between  ih^  Jibrvua  wait  and  the  cflUlQr  ^mt€nt»  of  the  foUkb, 
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this  gradually  dimini&hes,  purtiy  m  cousequence  of  the  iDcreased  growth  of 
the  yellow  substiiiice,  and  [lartly  owiug  to  the  general  contraction  of  the 
ovisac,  until  it  is  at  la&t  neiirly  obliterated  or  reduced  to  a  eort  of  stellate 
cicatrix  ie — h).  An  ettusiou  of  blood  usually  takers  place  into  this  cavitjf 
in  the  Human  female,  at  the  time  of  the  rupture  of  the  ovisac;  but  iIjc  eo- 
agulura  which  is  left,  take®  uo  share  in  the  formatian  of  the  yellow  biwly. 
It  generally  loses  its  coloring  matter,  and  acquires  the  charactenj  of  a  fibrin- 
ous dot;  and  this  may  either  form  a  sort  of  raembmnous  sac  lining  the 
cavity,  or  it  may  become  a  sjolid  mass  oceupyiug  the  centre  of  the  atellate 
cicatrix/ 

T45.  The  later  part  of  the  bietory  of  the  Corpus  Luteum  m  greatly  in- 
fluenced by  the  impregnation  or  non-impregnation  of  the  Ovum  whose  extni- 
sion  it'  has  folio wed,^ — If  conception  do  not  take  place,  the  corpus  luleum 
seldain  attains  a  size  greater  than  that  of  a  smaU  pea^  and  is  very  commonly 
]eM  than  this  ;  and  it  begins  to  diminish  about  the  time  of  the  next  menstrua- 
tion, ita  shape,  which  was  at  first  globular,  becoming  somewhat  collapsed 
ami  flattened.  This  diminution  is  due  in  the  first  instance  to  the  absorption 
of  part  of  its  contained  coagulum,  which  usually  at  the  same  time  loses  part 
of  iV>  coloring  matter;  but  contemporaneously  wiili  this,  there  is  an  iucrease 
in  the  proper  yellow  substance^  which  also  becomes  brighter  in  color  from 
the  presence  of  a  large  quautity  of  oleagiooui*  matter  in  its  cells.  Soon, 
however,  the  yellow  substance  becomes  softer  and  more  friable,  showing  1^8 
distinctly  the  markings  of  its  convolutions ;  wliilist  at  the  same  time  it  be- 
comes more  intimately  connected  with  the  neighboring  tissues.  The  central 
coagulum  becomes  a  faint,  whitish,  stellate  cicatrix ;  and  the  yellow  sub- 
stance assumes  various  irregularities  of  form,  aud  gradually  decreases  in  size. 
As  a  general  rule,  the  corpus  luteum  of  the  non-preguaut  female  is  reduced 
within  six  or  eight  weeks  to  a  very  lUiiiguifieant  size ;  but  it  may  then  remain 
almost  unchanged  for  mauy  months;  ^o  that,  in  the  ovaries  of  females  who 
have  menhtruated  regularly,  numerous  obsolete  corp*>ra  lutea  may  be  dis- 
tinguished,— But  if,  on  the  other  hand,  the  discharged  ovum  should  bt-  ler- 
tiliEe<J,aud  pregnancy  should  suj>ervene,  the  corpus  luteum  instead  of  reach- 
ing it«  maitimum  of  Jeveloument  in  thi-ee  or  four  weeks,  and  then  undergoing 
atrophy,  continues  to  devefop  itself  tor  a  considerable  period,  and  does  not, 
in  fact,  become  very  decidedly  retrograde,  until  after  the  termination  of  ges- 
tation. This  difierence  relates  not  only  to  its  size,  but  also  to  it«  aspect  and 
general  characters.  Its  size  appears  to  be  usually  greatest  between  the  third 
and  I  he  sixth  months  of  pregnancy  ;  it  retains  its  globular  or  only  slightly- 
flattened  ibrm;  and  it  continues  to  give  to  the  touch  a  seuse  of  considerable 
resistance  and  solidity.  The  convoluted  wall  of  yellow  substance  become 
much  thicker  in  proportion  to  the  space  in  its  interior;  so  that  whilst  in  the 
non-impregnated  female  its  thickness  never  exceeds  one-eighth  of  an  inch, 
and  is  usually  much  less,  that  of  the  pregnant  female  measures  as  much  as 
from  three-sixteenths  to  one*tburth  of  an  inch_  This  substance,  moreover, 
acquires  a  firmer  and  more  highly  organized  structure;  hut  instead  of  pre- 
senting an  increased  brightness  of  color^  it  fades  to  a  dusky  and  indefinite 
hue.  As,  from  the  time  that  impregnation  takes  place,  the  periodical  activity 
of  the  ovary  is  suspended,  no  new  vesicles  protrude  themselvea  from  its  sur- 
face until  after  the  completion  of  gestation ;  atvd  even  those  which,  at  the 
date  of  conception,  happened  to  be  more  or  Jess  prominent,  apf)ear  again  to 
recede.  Hence,  if  the  period  of  pregnancy  be  at  all  advanced,  the  corpus 
luteum  is  not  found,  like  that  of  menstruation,  in  company  with  unruptured 
vesicles  in  active  process  of  development.    After  parturition,  the  corpus 


*  Thb  proctsft  wftfl  first  accurately  described  by  M,  Pouch etj  in  hi«  Th^orie  Positive 
de  I'Ovuliititjn  SpoDtan^,  1S47. 
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luteum  rapifUy  dlminisihes;  though  its  eharaeteristic  structure  is  still  to! 

distinguished  for  muny  montks,  by  close  j n spec ti oik* 

74(>,  The  foregoing  differences  (whose  ordinary  existence  may  be  oonsid* 
ered  as  well  establi.*?hed,  although  it  may  uot  be  affirmed  that  they  present 
thomselve-s  characteristically  \n  each  individual  case)  are  probably  Ici  be 
attributed  to  the  iuereased  deterraination  of  blood  which  takes  place  lo  the 
whole  Geuerative  apparatus,  when  it  is  in  a  state  of  exaited  functional  activ- 
ity. It  is  a  question,  however,  of  much  scientitic  interest,  and  one  that  cx^ca- 
sionally  becomes  of  iraportaiice  in  Juridical  iiivestigations.  what  degree  of 
re^mblaoce  may  exist  uetween  the  corpus  luteum  which  la  formcil  afler  the 
mere  extrusion  of  an  ovule,  and  that  which  has  been  modified  by  the  5U|)er- 
vention  of  pregnancy.  For  it  is  unquestionable  that  an  unusual  deve!o|i- 
ment  of  the  libro-eellular  substance  may  sometimes  occur  without  iiupreg- 
nation  ;  whilst^  on  the  other  hand,  the  changes  which  usually  lollow  imprt^g- 
nation  may  take  place  so  much  less  characteristically  than  u^ual,  that  the 
corpn?i  lut*:»um,  even  at  the  middle  period  of  pregnancy,  may  he  no  larger 
jhan  that  which  is  often  found  where  pregnancy  has  not  occurred.  Them 
iriation^,  which  seem  mainly  to  depend  uptm  diifereneeg  in  the  degree  of 
cular  excitement  of  the  ovaries  accompanying  and  j^ucceediug  the  extru- 
sion of  ova,  render  it  imposflible  to  draw  any  definite  line  of  demarcatiou.  by 
which  we  may  at  once  determine  what  are,  and  what  are  not,  the  results  of 
conception  ;  but  the  following  pmctiiml  rules,  dednanl  from  a  considc»nttioii 
of  all  the  circumBtance«  yet  known,  may  be  laitl  d*wn  for  the  guidatit*e  of 
those  who  find  it  de^^irable  to  have  some  standard  of  judgment ;  **  1.  A  0>r- 
fm  Luteum,  in  it^^  earliest  stage  (that  is,  a  large  vesicle  filled  with  f.Hja^- 
lated  blood,  having  a  ruptured  orifice,  and  a  thin  layer  of  yellow  matter  in 
its  walU),  affonift  no  proof  of  impregnation  having  taken  place.— 2.  From 
the  presence  of  a  C'orpus  Luteum,  the  opening  of  which  is  closed^  and  the 
cavity  reduced  or  obliterated,  only  a  stellate  cicatrix  remaining,  alsfi  no 
conclusion  as  to  prf^gnancy  having  existed,  or  fecundation  having  oecurnrf 
can  be  drawn,  if  the  Ct»rpus  Luteum  be  of  small  size,  not  containing  a« 
much  yellow  substance  as  would  form  a  mass  the  size  of  a  small  \mt* — 3. 
A  mrailar  Corpus  Luteum  of  larger  size  than  a  common  pea,  would  be  strong 
prejiumptive  evidence,  not  only  of  impregnation  having  taken  place^  but  of 
pregnancy  having  existed  during  several  weeks  at  least ;  and  the  evident'e 
would  approximate  more  and  more  to  complete  proof^  in  proportiou  oa  the 
size  of  the  corpus  luteum  was  greater/'' 

747,  Bince  the  discharge  of  natural  Ova  from  the  ovaries  takes  place  m 
indei>endently  of  sexual  intercourse  in  the  Hnmrin  female  (and  In  the  Mani- 
malia  generally)  as  it  does  in  those  animals  who^^e  ova  are  fertilized  out  of 
the  body,  it  seems  unnecessary  that  the  eeminal  fluid  should  reach  iht 
ovarium  in  order  to  edect  the  tertilizfition  of  the  ova,  since  this  end  may  be 
answered  by  the  contact  of  the  two  in  the  Fallopian  tubes,  or  evcti  iu  ibi 
Uterui^i  it^^elf.  From  the  experiments  of  Bi^chotf",  however,  it  apf»eari  that 
in  rabbits,  bitches,  and  probably  iu  mogt  other  Mammalia,  sexual  union 
uauiiUy  takes  place  previously  to  the  escape  of  the  ova  from  the  ovary,  and 
that  j^ufficient  lime  often  elapes  for  the  seminal  fluid  to  reach  the  ovary  be- 
fore their  extrusion  oecors  i  in  auch  eases,  therefore,  it  would  seem  probabh 


*  S<?«  t?sp<M;jally  the  Prize  Ssait^  of  Dr.  J.  U.  Dulton,  On  Ihi?  Cornti4  Luteum  of 
Menstrufttion  and  Pregnrmcy,  io  the  TrMnsAct  of  th«  Aniericnn  Mcdiciil  Aft»<K^iat40fi 
fur  1861,  wnd  scparMtcly  ri?(^ritittid,  PhiMelphiii,  1S51 ;  nnd  Ibe  exo«ll«m  »Pctiot)  on 
Roproduetjun,  in  lib  Humiin  Pliy^iulo^y,  Ptiikdelpluii,  1864;  nJfio,  the  ciwisy  of  M. 
Ui»  in  8clndtj&t%*«  Arehiv,  Bd.  i,  p.  181,  in  which  relereucei  lo  iha  principtit  works  un 
the  BobjiH'i  will  bi>  found. 

*  Bt'i?  Dr.  Bnl>  '*  Supplement  to  Mttlkr'i  Pbyaiologyi  p.  67. 
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Aai fecundation  is  effected  at  the  ovary  it-self.  That  su^h  occasionally  hap- 
pens  in  the  Human  female,  seems  to  be  UDef|invocally  proved  by  the  occur- 
rence of  tubal  or  even  of  ovarian  frvlation  ;  the  ovum  having  received  the 
fertilizing  influence  iniraediately  njiou  quitting  the  ovisac,  or  even  before  it 
has  entirely  extricated  itself  from  the  ovary,  and  having  been  in  some  way 
cheeked  in  its  transit  towards  the  uterus,  so  that  its  development  has  taken 
place  in  the  spot  at  which  it  has  been  arrested-  It  is  affirmed  by  Biechoff 
that  by  the  time  the  ovum  reaches  the  uterus,  or  even  the  lower  end  of  the 
Fallopian  tube,  its  capacity  for  impregnation  is  lost ;  but  this  a^ertlon 
chiefly  re^ls  on  the  cessation  of  sexual  desire  observed  in  those  animals  io 
\vhich,  after  death,  the  ova  were  found  in  these  situations.  There  m  every 
reason  to  believe  that  this  is  not  the  case  in  the  Human  female ;  for  althougn 
the  iexual  desire  may  be  the  strongest  about  the  period  of  the  maturation 
and  escape  of  the  ova,  yet  it  is  by  no  means  wanting  at  other  times;  and  the 
occasional  occurrence  of  eases  in  which  impregnation  has  taken  place  from 
a  single  coitus  in  the  middle  of  the  interval  between  the  menstrual  periods, 
ahows  either  that  the  ovum  may  retain  its  capacity  for  impregnation  for 
some  time  after  itfl  escajie  from  the  ovary,  or  that  its  mattiratiou  ami  extru- 
sion are  not  by  any  meatiij  invariably  coincident  with  the  menstrual  period.* 
The  ova,  when  set  free  frt)m  the  ovaries  by  the  rupttire  of  the  ovisacs  and 
the  giving  way  of  their  several  envelopes,  and  surroundefl  by  the  cells  of 
the  membrana  granulosa,  are  received  by  the  fimbriated  extremities  of  the 
Fallopian  tubes,  which,  during  the  period  of  sexual  excitement,  appear  to  be 
chmely  applied  to  the  surface  of  the  ovaries.  Their  conveyance  along  the 
Fallopian  lube^t  is  probably  due  in  part  U.y  the  peris^taltic  movement  of  their 
walk,  and  iu  part  to  the  action  of  the  cilia  which  clothe  their  internal 
surface. 

748.  The  object  of  the  changes  which  have  been  already  described,  is  to 
bring  the  Ovum  within  the  reach  of  the  fecundating  influence^  and  to  con- 
vey it  into  the  utenis  after  it  has  been  fertilized ;  we  have  now  to  consider 
the  changes  of  the  Ovum  itself,  which  take  place  duriog  the  i^me  epoch, — 
At  about  the  same  period  that  the  ovum  moves  towards  the  periphery  of  the 
Graafian  follicle,  the  germinal  vesicle  moves  towards  the  periphery  of  the 
yolk  ;  and  it  always  takes  up  its  position  at  the  precise  point  of  the  ^na 
pellucida  which  is  nearest  the  ovi&iac,  and  which  is  closest,  therefore,  to  the 
surface  of  the  ovary*  Moreover,  the  germinal  spot  is  always  on  that  part 
of  the  germinal  v^icle  which  is  in  closest  contact  with  the  zona  pellucida. 
Thus,  the  germinal  spot  is  very  near  the  exterior  of  the  ovary;  but  it  is 
separated  from  the  i^eritoneal  coat  of  the  latter,  by  a  thin  layer  of  its  stroma 
forming  the  external  wall  of  the  Graafian  follicle,  by  the  ovisac  forming  its  in- 
ternal membrane,  and  by  the  j^oua  pellucida.  As  soon  as  these  give  way,  there 
is  nothing  to  prevent  the  spermatozoa  from  coming  into  direct  contact  with 
the  ovum,  even  before  it  quits  the  ovisac.  That  such  contact  is  an  essential 
condition  of  fecundation,  there  is  every  reason  to  believe;  although  as  to  the 
precise  manner  in  which  it  operates,  we  are  at  present  in  the  dark.  There 
can  be  no  doubt  that  it  is  in  tue  contact  of  the  spermatozoa  with  the  ovum 


t 


^  See  a  case  of  ihh  kind  recorded  by  Dr.  Old h Am  In  the  Medical  GHzetle,  July  13th, 
1&4 9. ^Instance*  mre  cerlainly  nul  unfrequent,  in  whieh  conception  has  taken  place 
five  or  ^\x  dap  nfter  the  cariclnsion  of  the  menstrual  period ;  the  Author  hm  himself 
knawn  one  in  which  this  occur r<>d^  after  the  iiit^ii^rrual  flow  Itself  had  persisted  for  a 
wef.»k.  It  baa  been  urgt'd  that  the  known  fertility  of  Jewish  femalc^^  who  abslHin 
from  sexual  intercourse  for  eight  <iay&,  or  even  thirteen  diiy»,  after  thfl  ternaination 
of  tile  calameniti^  ib  oppofcd  lo  the  idea  that  the  mcnstruHl  ^M^riod  la  thai  of  **heMt^" 
hut  therois  reason  io  believe  that  thiii  is  to  be  accounted  for  in  another  way,  nunielj, 
hy  the  u*ual  oceurrence  of  conception  from  intercQurse  immediately  before  the  acceea 
of  the  culamenia,     (See  Mr.  Girdwood,  in  the  Lancet,  Dec-  14th,  !84i.) 


900 


OF    GENERATION — ^ACTION    OF    THE    FEMALE. 


(§  747),  and  in  the  changes  which  occur  ae  the  immediate  confleqaence 
that  contact,  that  the  act  of  Fecundation  essentially  ct>n5iista*  The  moat  re- 
cent ohservations  of  the  late  Mr.  Newport  ypon  the  process  of  impregnatioo 
of  the  Frog  (some  of  which  the  Author,  through  the  kiudnesa  of  Mr  Newport, 
had  the  opportunity  of  verifying)  showed  that  the  spermatozoa  become  im- 
bedded in  the  gelatinoug  envelope  of  the  ovum,  within  a  tew  seconds  aAer 
they  come  into  contact  with  it;  and  that  they  then  absolutely  paaa  tbrougll 
the  vitelline  membrane^  into  the  interior  of  the  Ovum,^  where  they  probably 
undergo  a  gradual  diffluenee;  and  thus  the  product  of  the  "isperm-oetl'' 
may  be  absorbed  into  the  "germ-cell/*  and  may  jntermiogle  with  its  coo- 
teuU,  the  Spermatozoon  being  nothing  el^e  than  an  embodiment  of  the 
fertilizing  material  develoj>ed  within  the  sperm-ccIl,  which  w  eiirlowed  with 
a  tem|K)rary  power  of  movement  in  order  that  it  may  find  its  way  to  ihe 
Ovum,^Iu  the  O.^eoua  Fii^best  it  ha.^  imtn  shown  by  Dr,  Ran^ome  that  the 
S|wrmatu2ua  pas?*  ihrouj^h  a  minute  opening  in  the  external  membrane  of 
the  ova,  termed  the  micropyle,  A  similar  opning  has  been  observed  by 
MiiUer  and  otben^  in  Imjeets,  Acephalous  Mollasks,  and  in  several  Eehino- 
dermata;  and  it^s  «^e,  as  Dn  Allen  Thomson  has  suggested,  is  probably  to 
facilitate  the  fecundtttion  of  ova  possessed  of  very  thick  external  CAiveriugs, 
A  micropyle  has  not  been  seen  in  any  of  the  Mammalia,  though  the  point 
has  been  closely  inve^stigated  by  Eeichert  in  the  Guiuea-pjg.  It  hzu  h**i*n 
remarked  by  Mr.  Newport,  that  Spermatozoa  whose  sp<3ntaneous  moiiUt^ 
has  ceased,  no  longer  possess  the  fecundating  power;  and  this  fact  concurs 
with  other  phenomena  to  indicate,  that  it  is  not  only  a  certain  nmt^riai,  but 
a  vital  fores  of  which  that  material  is  (so  to  speak)  the  vehicle,  which  i^  re- 
quired to  effect  this  most  important  operation. 

749.  The  precise  share  which  the  Germinal  Vesicle  |*erforms  in  the 
changes  which  take  place  in  the  ovum  abont  the  period  of  feet indat ion, 
has  not  yet  been  satisfactorily  determined.  Accf>rdiug  to  Dn  Barry  (loc. 
cit.  )j  the  germiual  vesicle  becomes  filled  with  a  new  development  of  cclii, 
which  sprout,  as  it  were,  from  its  nucleus  (the  germinal  Kjxjr);  aud  aft«f 
fecundation^  a  pair  of  cells  is  seen  in  llie  space  previously  *x*cupied  by  the 
pellucid  centre  of  the  nucleus,  which  is  developed  at  the  expense  of  ibo 
rest,  and  is  the  true  foundation  of  the  eniltryunic  structure.  This  view  ti 
to  a  certaiu  extent  confirmed  by  the  observations  of  AYagner  on  the  ova 
both  of  Frogs  and  Mammalia,  and  by  those  of  Vogt  on  those  of  tlie  Mana 
ohfeirtemis ;  both  of  which  lead  to  the  belief  that  such  a  proceae  of  celt- 
formation  does  take  place  within  the  germinal  vc~sicle,  but  that,  instead  of 
the  further  development  being  carried  on  within  the  germinal  vehicle,  aa 


^  Philofl.  Tranenct,  1363,  pp.  268-28  L— Prof  BUcbcilf,  the  highe«t  HtithoHi^  oa 
thU  eubie<;t,  wlio  hud  dispuliiu  iKg  vnlidUy  of  all  previous  ob^rvntions  on  the  peo^ 
tratiunuf  the  i5pi'rmHlo7.'>tt  into  the  int^^rior  o€  tlio  Uvuro.  fuHy  I'orjflrmed  thitm  of 
Mr,  Newport  J  wJuige  Inmentt'd  death  preTenled  him  Trom  enjoying  tb-*  ^..T.tr.itton 
wbk'li  this  testimony  to  hij<  scetirHcy  Wi»uld  hwve  liUVirdt'd  him.~St?e  h1-  ry, 

in  Fhilos.  Trnnj^iitt-t  1S40,  p.  &38;  tind  Dr.  KimFome,  in  Proceed,  of  Ru\  >i:V. 

234, 1854.  Bii»eboff  ( Uenle  niid  Preufier'^  Zem.,  1365,  i\  *2US)  con«tder«  ihut  lu  hy  (mr 
the  majuHiy  of  c»segf  the  Met  of  fecuudatiun  occurs  whiUt  the  ovum  i*  travelling  lb** 
Pnlloplhu  Lut>e  According  to  Cone,  thu  dynUion  of  the  pw^irtge  of  ih**  i-ijg  ihrvni^b 
the  oviduct  of  the  fowl  varies  fn^m  four  to  six  hours,  smd  of  its  retenliofi  rti  the  clcmci 
four  bouta»  The  jufiuenee  of  »  sinul©  »cL  of  coition  in  the  fowl^  aecording  lu  ihe  imne 
obfterver,  mnj  (^Jttend  to  from  five  to  ^m  eggs,  wbich  may  be  luid  durfni^  tbd  <*lo»«n 
to  seventeen  5ub?equcnt  drtjft.  Hiirvcy  &iiend*>d  the  influence  even  to  |w«fity  egg^. 
His  wgn-efl  with  Coste,  Bod  observes,  thiit  in  nil  probability  thp6«  eggs  were  im|iref- 
unted  lit  difiiTcnt  f>eriod6  j  and  h<?nce  some  of  the  vftrimlon*  in  [loini  of  <l«?«lofim«iil 
of  the  cicatrkuU  mny  proceed.  Hia  baa  also  otiserved  thiit  the  ej;g&  of  fo^l,  bid  io 
the  middle  of  summer^  itre  more  a<lviinv6d,  und  develop  with  greater  mjiidity  ihma 
thoiQ  laid  towards  the  end  of  jiutuinn. 
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maintained  by  Dr.  Barry,  this  ruptures  and  sets  free  the  cells  that  had  been 
developed  in  its  interior,  which  are  now  dispersed  through  the  yolk  whose 
ulterior  changes  take  place  under  their  influence.  Mr.  Newport's  view  is 
nearly  the  same  as  this ;  and  he  states  that,  in  the  Frog,  this  dissolution  of 
the  germinal  vesicle  and  diffusion  of  its  contents  take  place  as  a  prepara- 
tion for  fecundation,  and  not  in  consequence  of  it.'  That  the  germinal  ves- 
icle is  no  longer  to  be  seen  when  the  metamorphoses  of  the  yolk  have  com- 
menced, is  now  universally  admitted ;  but  with  regard  to  the  antecedent 
process  just  described,  there  is  still  a  want  of  accordance  amongst  Embry- 
ologists,  its  existence  being  altogether  denied  by  Bischoff,  who  maintains 
that  the  germinal  vesicle  simply  dissolves  away  shortly  after  coition.  The 
Author  is  strongly  inclined  to  believe,  however,  from  his  own  observations, 
as  well  as  from  a  priori  considerations  based  on  the  history  of  Vegetable 
fertilization,  that  there  vf  a  development  of  cells  within  the  germinal  ves- 
icle, at  the  time  of  its  maturation  ;  and  that  it  is  by  the  influence  of  the 
spermatic  fluid  upon  one  of  these  cells,  aflcr  it  has  been  set  free  in  the  midst 
of  the  yolk  by  the  rupture  or  diffluence  of  the  germinal  vesicle,  that  the 
first  cell  of  the  embryonic  fabric  is  generated.' 

750.  Having  thus  n()tice<l  the  principal  points  of  the  history  of  the  devel- 
opment and  impregnation  of  the  Ovum,  we  shall  proceed  to  consider  the 
provisions  made  for  the  Nutrition  of  the  Embryo,  through  the  Grenerative 
apparatus  of  its  female  Parent,  up  to  the  time  of  parturition  ;  deferring  the 
history  of  its  own  Development  for  that  separate  consideration  which  the 
importance  of  this  subject  demands  (§  4). — About  the  time  that  the  ovum 
is  leaving  the  ovary,  the  cells  of  the  proligerous  disk  which  immediately 
surrounds  the  scona  pellucida  become  club-shaped ;  their  small  ends  being 
applied  to  the  surface  of  the  ovum,  so  as  to  give  it  somewhat  of  a  stellate 
appearance.  According  to  Bischoff,  these  cells  entirely  disappear  from  the 
ovum  of  the  Rabbit  as  soon  as  it  has  entered  the  Fallopian  tube :  whilst  in 
the  Bitch  they  become  round,  and  continue  to  invest  the  ovum  in  this  form 
throughout  its  whole  transit  to  the  uterus.  During  its  passage,  the  ovum 
acquires  a  sort  of  gelatinous  envelope,  which  is  inclosed  in  a  membrane  of 
fibrous  texture,  termed  the  Chorion.  This  envelope  is  probably  of  an  al- 
buminous  nature,  corresponding  with  the  "  white  "  of  the  Bird's  egg ;  whilst 
the  fibrous  texture  of  the  chorion  seems  to  be  produced  like  the  membra- 
nous basis  of  the  egg-shell  of  the  bird,  by  the  exudation  of  fibrin  from  the 
linine  membrane  of  the  Fallopian  tube  or  oviduct.  The  outer  layer  of  this 
envelope,  in  the  egg  of  the  Bird,  is  consolidated  by  the  deposition  of  parti- 
cles of  carbonate  of  lime  in  its  areolie;  and  none  of  it  undergoes  any  fur- 
ther organization.  The  Choriim  of  the  Mammal,  on  the  other  hand,  is 
destined  to  undergo  changes  of  a  much  higher  order,  which  adapt  it  for 
participating  to  a  most  important  degree  in  the  nutrition  uf  the  included 
embryo.  The  first  of  these  changes  consists  in  the  extension  of  the  cellular 
surface  of  the  membrane  into  a  number  of  villous  prolongations,  which  give 
it  a  spongy  or  shaggy  appearance  (  Fig.  318) ;  these  serve  as  absorbing  rad- 
icles, and  fonn  the  channel  through  which  the  embryo  is  nourished  by  the 
fluidis  of  the  parent,  until  a  more  |)erfect  communication  is  formed  by  the 
subsequent  extension  of  vessels  into  them. 

751.  We  have  now  to  speak  of  the  changes  in  the  Uterus  which  take 
place  in  consequence  of  (/ouception,  and  which  prepare  it  to  receive  the 
ovum.  Of  these  the  most  important  is  the  formation  of  the  Membrana 
Deeidua,  so  called  from  its  being  cast  off*  at  each  parturition.     Professor 

>  Philon.  Trans.,  1851,  p.  178. 

*  See  Huxley,  on  Dpvelopinent  of  Pyrosoma,  in  Linn.  Trans.,  vol.  xxiii,  p.  227; 
And  Ann.  Nat.  Hist.,  Ser.  3,  vol.  v,  pp/ 29-35. 
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Turner  has  pointed  oiit^  that  as  soon  as  the  ovum  is  receivf^fi  into  the  tilerttt 
the  mucous  raembraDe  swells.  The  ciliated  epithelium  often,  though  not 
always^  lose^  its  columnar  form,  and  the  cells  multiply  in  onier  to  cove?  lite 
increased  surface.  The  milyepiihellal  timue  iocreaiies  enormoU3-h%  whicli  i* 
due  to  the  mukiplicatiou  and  development   of  the  corpuscles'  which  Bfe 


Fig.  S15. 


Tw.  316. 


i^f] 


Fid.  3!6.— ywtiori  of  rhe  Lining  Morahrancr  of  «  Mum  an  VUstob  at  th#  perCod  of  c«nim«iirliit  P"*^ 
fiano  J,  Iwico  llsi'  tiiituru)  afsL' ;  Hbuwln^  ihc  arrangvmeDt  »nd  <»tber  tw^uUirftiea  of  tli#  glaftilfy^  f^p. 
wliti  *hdr  i>K1l«;«'frp  a,if,a,0Q  xUe  Intermsl  surface  of  the  organ* 

Fj**.  ^16.^A  portion  of  Fig.  ZU  laofii  «?ii]*rgL<»  nbovltif  lli«  coavolttlcd  «xlii«iiillii«  i^f  the  l«lral«r 
glAudiilie. 

abundantly  distributed  through  ita  tissue.  The  branched  ^htuh  natumllTf 
present,  as' seen  in  Terticul  sections,  are  separated  to  a  much  greater  dbtatjoe 
from  each  other  in  coustequence  of  the  growth  of  the  subepithelial  tksue, 
and  are  augmented  in  size.  The  whole  membrane  becomes  much  mare 
vaj^cular.  On  its  surface  pitlike  depresstious  may  be  seen,  whirh  were  fi>f- 
merly  thought  to  be  the  enlarged  months  of  the  glands,  but  which  Pmft^syor 
Turner  has  ascertained  to  be  new-formed  nits  or  cryj/U  in  the  intrr^landuhr 
tksite.     Into  these  crypts  the  villi  of  the  chorion  penetrate. 

752,  The  Deciduous  membrane  is  found  at  a  later  period  lo  consist  of  tiro 
layers ;  the  Deeidua  v^ra  lining  the  uterus,  and  the  Dtcidwi  reflej^a  covenng 
the  exterior  of  the  ovum.  Tlie  observations  of  M,  Coete  and  Dn  Farre 
show  that  there  is  considerable  resemblance  between  the  two  at  an  early 
period,  and  frora  their  observations  and  those  of  Retchert/  it  wouhl  appear 
that  when  the  ovum  enters  the  uterus,  it  becomes  attached  to  Sume  part  of 
a  triangular  area  of  the  decidua  vera,  on  which  nnmerows  cotyltHiauAry 
elevations  or  islands  exist.  The  spot  at  which  the  ovum  is  attached  i¥ip 
317)  ceases  to  grow,  but  a  remarkable  development  of  primary  and  secoadftf^ 
paf^illary  processes  t^kes  place  in  the  adjoining  islands,  in  eonaequeooe  of  ^ 
which  a  cup-«haped  depression  is  formed,  in  which  the  ovum  Is  lodged.    The 

I  Beichert'i  Archiv,  1873,  p.  127. 
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^owth  of  the  niargiu  of  the  cup  over  the  free  surface  of  the  ovum,  closes 
ID  the  chamber  and  forms  the  membrarm  decidua  reflexa*  (Fig.  'HB),  by 
which  the  ovum  is  entirely  covered  about  the  twelfth  or  thirteeuth  day.   At 


Fia,  Ml. 


Fro*  3ia. 


FJnt  fttairfl  of  ttiD  faftuatlna  of  Ihis  Docidiim 
rcflt^xm  jLrouiid  iho  ovum. 


Mtir«  fldriuctft]  »tjige  of  Declduii  rifl^'X:!. 


the  margin  of  the  cotyleilonary  ialaud,  the  utenue  mucous  membrane  is 
smooth,  and  shows  the  wideiu^  orifices  of  the  uterine  glands.  Some  utric- 
ular glands  are  aho  found  openin*r  on  the  inner  concave  surfiu'e  of  the 
reflexa,  the  rest  of  the  Burfat*  being  covered  with  a  jshorl,  non-ciliated 
cjiindrieal  epithelium.  As  the  oifum  increases^  in  size,  the  cavity  between 
the  decidua  vera  and  the  decidua  reflexai  or,  as  it  is  sometimes  tcrmeil»  the 
uterine  chamber,  gradual ly  diminishes,  and  by  the  end  of  the  third  month 
either  the  two  layera  wrrie  into  contact  and  are  henceforth  indistinguishable 
— tlie  whole  cavity  of  the  uterus  being  occupied  by  the  txetnl  chamber — m^ 
as  I>r.  Farre  suggests,  tlio  decidua  re  flex  a  may,  after  firi^t  becoming  extremely 
atte  II  ua  ted ,  u  1 1  i  m  atel  y  en  ti  re  I  y  van  ish , 

753.  The  surface  of  the  Ovum,  thus  surrounded  by  the  double  layer  of 
the  deciduous   membrane,  and  duritig  the 
first  three  or  four  weeks  lying  loose  in  tlie  Fm.  iti^, 

foetal  chamber,  is  rendere^l  sliaggy  by  the 
growth  of  vi lions  tuft,"^  from  the  surface  of  its 
investing  Chorion  (Fig.  *^H),i^by  wliich  it  be- 
gins to  be  attached  to  the  walls  that  surround 
i L  Ea ch  of  t Ii ese  tu  f ts,  m  wn s  t\  r.^t  j m ) i  n ted  ou t 
by  Prof  Goods ir  (loc.eit. ),  is  eomiKJSed  of 
an  assemblage  of  nucleated  cell?,  which  are 
found  in  various  ^^tagas  of  development ; 
and  these  are  always?  inclosed  within  a  layer 
of  hai*emeut-membrane,  which  seeuii,  to  be 
it^lf  composed  of  flattened  cells  united  bv 
their  edge^^.  At  the  free  extremity  of  each 
villus  is  a  bulbous  expansion,  the  cells  com- 
posing: which  are  arranged  round  a  central 
spot;  and  it  is  at  this  poini  that  the  most 
active  proeessea  of  growth  tnke  place,  the 
villus  elongating  by  the  development  of  new 

cells  from  its  germinal  spot,  and  llike  the  Entire  Humnu  o^nm  of  HglirJi  »e«lE, 
apongiole  of  the  plant)  drawing  in  nulri-  sixtceDiin*** in ii^onthCn^t reckoning ibe 
ment  from  the  soil  iu  which  it  is  imbeiided.  ]^'  '^'  r'?:r',;!'i  '^fT  *"'*i*^ 
— In  ita  earii^t  grade  of  development,  the     ihc  gminh  of  tufi*. 


>  See  Turner's  Repcjrl,  Journid  of  Anglomy  und  FhysioJogy,  vol.  viii,  p.  108. 
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chorion  and  its  viUi  contain  no  vessebj  and  the  fluid  dmwn  in  h?  the  tttfts 
is  communicateU  to  the  embryo  by  the  absiirbjog  powers  of  the  germiDftl 
membrane  of  the  latter.  But  when  the  tufts  ate  penetrated  by  bUxwlveaseli^ 
and  their  communication  with  the  embryo  becomes  more  direct^  the  means 
by  which  they  communicate  with  the  parent  are  found  to  be  still  essentially  j 
the  same  ;  namely,  a  double  layer  of  nueleated  cells,  one  layer  belooging  ta 
the  fcetal  tuft^  and  the  other  lo  the  vascular  maternal  surface.  It  is  from 
these  elements  that  the  Phcenta  u  formed.^ 

754  The  first  stage  in  this  process  consists  in  the  extension  of  the  Fcptal 
vessels  into  the  villi  of  the  Chorion  over  its  entire  surface,  in  the  manner 
hereafter  to  1>e  detailed  ;  m  that  the  nutriment  which  these  villi  imbibe,  in- 
stead of  being  merely  added  to  the  albuminous  fluid  surrounding  the  yolk- 
bag,  is  now  conveyed  directly  to  the  embryo.  This — the  earlii^t  and  i^im- 
ple?t  mmie  by  which  the  Ftetus  effects  a  new  connection  with  the  parent — 
la  the  only  one  in  which  it  ever  takes  place  in  the  lower  Mammalia,  which 
are  hence  properly  designated  as  '*  non- placental,"  rather  tlian  as  ovo-vivip- 
aroui*.  In  the  higher  Mammatia*  however*  there  soon  occurs  a  great  exten- 
sion of  the  vajaeular  tufts  of  the  foetal  chorion,  at  certain  p^nuts;  and  a  cor- 
responding adaptation  J  on  the  part  of  the  uterine  structure^  to  aflbrd  them 


Flo.  320. 


Fio.  m%. 


U:^:: 


Fortloh  ti/  thr  ultlmflte  rmmlflc&tloni  of  ttii  am- 
blUcil  ve»«U,  foniiUig  the  Foelal  ViJU  qf  the  Pltt- 

au  increased  supply  of  nutritious  fluid. 
These  ijpet'ially  prolonged  portions  are 
scattered  in  the  Ilumiuaulia  and  some 
other  Mammalia,  over  tfje  winkle  sur- 
face of  the  chorion,  form  in  fr  what  are 
termed  the  "  cotyledons  ;*'  hut  in  the 
higher  orderirJ,  and  in  Man,  they  are 
concentrated  in  one  spcit,  forming  the 
Placenta,  In  some  of  the  lower  tribes 
the  maternal  and  the  laUal  portions 
of  the  placenta  may  be  very  easily 
separated;  the  former  consisting  of 
the  thickened  Decidna,  and  the  latter 
being  iH>m posed  of  the  prolonged  and 
ramifyiDg  muscular  tofts  of  the  Cho* 


ForUfm  uf  qii(«  of  the  Fa?U]  ViUt*  ftboul  It 
tamx  ^ATt  at  the  fbeiitiu,  h1>Eh)y  inairiiile^: 
q,  It,  Us4:!i.4lu]iircoTer!luf  ^  b,  b^  h,  iu  tnaftit^  ttr 


I  The  Placentji  varif'*  In  farm  tf*  ft  Ciinsid«r«  bio  est  tent  hi  diflfi'rent  '        la 

CvUut^w  tint!  in  mnny  L'nj>ulHla,  iti  i\m  H*irie  «iid  Z*-br&t  the  vilti  pr  alt 

pirts,  oT  the  cliorum,  ivnci  iluMr   plmfntji  is  inifi  serpigo  I  ly  term  Rd  d>0^.^.  -i»- 

nivora,  in  Sfflls^  in  lln'  Elcphiini  and  Uyrwi:,  the  villi  are  only  d*^veki[M«i|  Iri  5»  -  f  - 
zoriw  nrruififl  the  cbirion,  nud  the  pljir"t««ui  is  thorolortj  ejilh^d  mnnry.  In  Eiiui  r  .ir,i-» 
thi*  villi  Hr<>  dp%'fiiofrt!d  in  cprlnin  ^pols,  irropiUrly  disirihiit^d  over  iUi>  rhiirioH,  r<»rm- 
iN^  the  i^M/jT/WonnrM  idnceiilJi,  Fliiiilly,  In  Miin  and  in  (iudi^nU  t hit  villi  lire  tiitiilrd 
to  H  Fitigle  lipni,  dfid  thp  PJiirwntiA  is  ihpnce  termed  di^trnd.  So«  liqwrt  of  Ttiravr'i 
If&cturea  delivered  at  ttws  tJuUe^^  ^>f  Surgeon*,  in  Lunof^t  f%>t  Jun^^  1ST6. 
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rion,  dipping  down  into  it.  But  in  the  Human  placenta,  the  two  elements 
are  mingled  together  through  its  whole  substance. — On  looking  at  the  footal 
nrface  of  the  Human  placenta,  we  perceive  that  the  umbilical  vessels  diverge 
ia  every  direction  from  the  point  at  which  they  enter  it ;  and  their  subdivisions 
form  a  large  mass  of  capillaries,  arranged  in  a  peculiar  manner  (Figs.  320, 
821),  and  constituting  what  are  known  as  the  fatal  villL  Each  villus  contains 
me  or  more  capillary  loops,  communicating  with  an  artery  on  one  side,  and 
irith  a  vein  on  the  other;  but  the  same  capillary  may  pass  into  several  villi, 
before  re-entering  a  larger  vessel.  The  capillaries  of  the  villi  are  covered,  as 
in  the  chorion,  by  a  layer  of  cells  (Fig.  321,  o,  a;  Fig.  322,  e),  inclosed  in  a 
besement-membrane ;  but  the  foetal  tufl  thus  formed  is  inclosed  in  a  second 
■eries  of  envelopes  (Fig.  322,  a,  c,  e),  derived  from  the  maternal  portion  of 
the  placenta, — a  space  (ipi)  being  left,  however,  between  the  two,  at  the  ex- 
tremity of  the  tufl. 

755."  Whilst  the  foetal  portion  of  the  Placenta  is  thus  being  generated  hj 
die  extension  of  the  vascular  tufts  of  the  Chorion,  the  maternal  portion  is 
fcrmed  by  the  enlargement  of  the  vessels  of  the  Decidua,  between  which 
they  dip  down.    "These  yessels  assume  the  character  of  sinuses ;  and  at  last 

Fio.  322. 


V,  Placenta]  Villua,  conslstinfir  of  gelatinous  connectiTe  tirane  with  corpuMles;  in  its  interior  are 
■een  tbe  foetal  bloodvessels  forming  loops;  e,  e,  epithelium  investing  the  Villus,  beneath  vbicli  is  a 
lajer  of  cdls  forming  the  occluding  lamina ;  d,  s,  decidua  serotina ;  c,  a,  curling  artery ;  u  «,  uterine 
dnus;  /,  f,  trabecula ;  //m,  intra-placental  maternal  blood  sinus. 

swell  out  (so  to  speak)  around  and  between  the  villi ;  so  that  finally  the  villi 
are  completely  bound  up  or  covered  by  the  membrane  which  constitutes  the 
walls  of  the  vessels,  this  membrane  following  the  contour  of  all  the  villi, 
and  even  passing  to  a  certain  extent  over  the  branches  and  stems  of  the 
tafU.  Between  this  membrane,  or  wall  of  the  enlarged  decidual  vessels, 
and  the  internal  membrane  of  the  villi,  there  still  remains  a  layer  of  the 
cells  of  the  decidua.*'  *    In  this  manner  is  formed  the  maternal  portion  of  the 


*  Prof.  Goodsir's  Anat(>mical  and  Patholojrical  Observations,  p.  60.     Pro!'.  Turner 
(Joorn.  of  Anat.  and  Physiology,  1878,  p.  130)  has  recently  demonstrated,  however, 
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placenta^  which  may  he  regarded  in  its  adult  state  fas  well  pi^imed  ntit 
Dr*  J-  Reid')  io  the  liojht  of  a  large  sac  formed  by  a  probn^lion  of  the 
inner  coat  of  the  uterine  vessels;  against  the  foetal  surface  of  which  sac  the 
tufts  just  described  may  be  said  to  push  themsdvcs^so  m  to  dip  down  tntfT  it, 
carrying  before  them  a  portion  of  its  thin  wall^  which  constltutt-  i  to 

each  tuft*    Now  as  every  extension  of  the  uterine  vesJiels  carric*.-*  :  iua 

befiire  it,  every  one  of  the  vascular  tuft^  that  dip  down  into  it  wiii  be 
covered  with  a  layer  of  the  cellular  structure  of  the  latter;  and  the  fwlal 
portion  of  each  tuft  will  thus  be  generally  inclosed  in  a  liirer  of  mnirrwd 
cells  and  basement-niemhrane  (Fig,  322,  a,  b^  c).'    The  whole  interior  of  the 

FlO.  323. 


m 


m.^ 


Sci'tlciD  or  %  pcitirrtti  of  a  ful!jf-fonuf cl  pl^cenia,  with  tli^  part  of  Ibe  l^lcnu  to  vbtcb  li  It  A(l»rli«4t 
Titosela ;  d,<  furling  ftrteHci  of  tbt-  ut^nit 

Placental  cavity  soon  becomes  (Fig,  S2S)  intersected  by  numerous  tufb  of' 

foetal  vessels  disposed  in  fringes,  and  hound  down  by  rc*flexion&  of  iht>  di4i- 
rate  membmue  that  forms  its  proper  wall ;  just  iis  the  intestines  are  hdd  m 
their  places  by  the  retli?xions  of  the  peritoneum  that  covers  tliein.  Thia  i 
view  was  suggested  to  Dr.  Re  id  by  the  very  interesting  fact,  that  th<*  tuftd 
of  feetal  vessels  not  un frequently  cKtend  beyond  the  uterine  surface  of  the 
placenta,  and  dip  down  into  the  uterine  sinuses,  where  they  are  still  coVfrt*tl 
and  held  in  their  places  by  reflcKions  of  the  same  inenibraae.  All  the 
bands  which  connect  and  tie  down  the  tufts  are  formed  of  the  same  elein^uu 
as  the  envelopes  of  the  tufts  themselves ;  namely »  a  fold  of  the  liuing  mem- 
brane of  the  deeidtial  sinu§egf  and  a  layer  of  the  cellular  decldua. 

that  the  ihcidua  SAj-^tlttft  dfies  not  form  a  complete  and  continuous  fn<»Tnbr-;t^'v»  •  — ;Tty 
bt^twoen  the  uterus  «nd  p]at-i>nla,  hut  thnt  iU  cuntiiiuitv  is  iti  vnpions  1-  ii- 

rupt<Hl  to  !iik»w  of  the  pt'tietrrttuin  of  uiftnj  of  tbu  pUc-eniul   villi  iLt        ._   ^ak-i 
pluc^ntHl  vcM«U,  luto  wbkb  ihey  project  iVtje  ind  nukt'4. 

>  Eiliu,  Med.  and  Surg  Juurn,,  JAuunry,  l&ll ;  nad  Anal.,  Pfaya.,  »nd  Patlid. 
Research^,  chap,  viii 

>  See  Turner,  Obsurvatloni  on  the  Structure  of  thtt  Human  Flac^ttta,  in  Humplirr 
aud  Turner*8  Jutirnttl  of  Anatomy  Hud  Phymologyp  vol.  vil,  lf>7ii,  p*  120,  in  wbicb 
tliu  liieralur^  uf  lb«  ftubiect  will  be  fuund. 
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756,  The  Maternal  blood  is  conveyed  into  the  Placental  cavity  by  the 
"curling  arteries"  of  the  uterus  (Fig.  322,  c,  a,  Fig.  323  d);  and  is  received 
bftck  from  it  into. the  large  veins  that  are  commonly  designated  as  sinuses 
(Figs.  323,  324,6,6).     ''The  utero-placental  sinus  system  of  veins  is  so 
related  to  the  placenta  as  to  communicate  with  the  interior  of  the  cotyle- 
dons, either  at  the  outer  edge  of  the  placenta,  where  the  so-called  circular 
■Dus  lies,  or  where  the  sinuses  lie  within  the  iutercotyledonary  decidual 
dissepiments,  or  where  they  come  into  contact  with  the  uterine  face  of  the 
placenta,  close  to  the  plane  of  entrance  of  the  primary  decidual  dissepi- 
ments into  its  substance.     The  communication  is  not  as  if  the  sinuses  termi- 
nated abruptly  by  open  mouths,  as  has  usually  been  described,  but  rather 
If  possessing  cribriform  apertures  in  their  walls  as  they  lie  in  contact  with 
toe  placenta.     From  the  relation  of  the  sinuses  to  the  margins  of  the  coty- 
kdons,  whilst  the  curling  arteries  penetrate  their  uterine  surface  near  their 
oeutre,  the  stream  of  maternal  blood  passes  through  each  cotyledon  from  its 
eentre  to  its  circumference,  and  is  effectually  brought  into  contact  with  the 
Whole  of  the  foetal  villi."     The  foetal  vessels  (Fig.  322,  e,  e;  Fig.  323,  c,  c) 
being  bathed  in  this  blood,  as  the  branchise  of  aquatic  animals  are  in  the 
Water  that  surrounds  them,  not  only  enable  the  foetal  blood  to  exchange  its 
venous  character  for  the  arterial,  by  parting  with  its  carbonic  acid  to  the 
inatemal  blood,  and  receiving  oxygen  from  it ;  but  they  also  serve  as  root- 
letSy  by  which  certain  nutritious  elements  of  the  maternal  blood  (probably 
those  composing  the  liquor  sanguinis)  are  taken  into  the  system  of  the  foetus. 
In  this,  they  closely  correspond  with  the  villi  of  the  intestinal  canal ;  and 
^here  is  this  further  very  striking  analogy, — that  the  nutrient  material  is 
aelected  and  prepared  by  two  sets  of  cells,  one  of  which  (the  maternal)  trans- 

-  mits  it  to  the  other  (the  foetal),  in  the  same  manner  as  the  epithelial  cells  of 
the  intestinal  villi  seem  to  take  up  and  prepare  the  nutrient  matter,  which 
18  destined  to  be  still  further  assimilated  by  the  cells  that  float  in  the  circu- 
lating current.  It  is  probable,  too,  that  the  Placenta  is  to  be  regarded  as 
WLU  excreting  organ;  serving  for  the  removal,  through  the  maternal  blood,  of 
cxereraentitious  matter  whose  continued  circulation  through  the  blood  of  the 
£BtU3  would  be  prejudicial  to  the  latter.  And  it  will  be  in  this  mode  that 
the  blood  of  the  mother  may  become  impregnated  with  substances,  or  im- 
pressed with  attributes,  originally  belonging  to  the  male  parent ;  so  as  to 
impart  these  to  the  products  of  subsequent  conceptions  by  a  different  father 
(§  769).'  There  is  no  more  direct  communication  between  the  mother  and 
foetus  than  that  which  is  afforded  by  this  immersion  of  the  foetal  tufts  in  the 
inatemal  blood;  all  the  observations  which  have  been  supposed  to  prove  the 
existence  of  real  vascular  continuity,  having  been  falsified  by  the  extravasa- 
tion of  fluid,  probably  consequent  upon  the  force  used  in  injecting  the  ves- 
sels. Moreover,  the  different  size  of  the  blood-corpuscles  in  the  foetus  and 
in  the  parent  shows  the  non-existence  of  any  such  communication. 

757.  The  formation  of  the  Placenta,  in  the  manner  just  described,  com- 
mences in  the  latter  part  of  the  second  month ;  during  the  third,  the  organ 
acquires  its  proper  character;  and  it  subsequently  goes  on  increasing,  in  ac- 
cordance with  the  growth  of  the  Ovum.  Towards  the  end  of  the  term  of 
gestation,  however,  it  becomes  more  dense  and  less  vascular;  owing,  it  would 
seeiDy  to  the  obliteration  of  several  of  the  minuter  vessels,  which  are  con- 
vert^ into  hard  fibrous  filaments.  The  vessels  of  the  Uterus  undergo  great 
enlargement  throughout,  but  especially  at  the  part  to  which  the  placenta  is 

*  See,  for  various  proofs  that  the  mc>thpr  may  be  poisoned  through  the  presence  of 
Ti'>iiioti8  substances  in  the  blood  of  the  fojtus,  the  E.^say  by  Mr.  Savory,  entitled  An 
Experimental  Inquiry  into  the  Effect  upon  the  Mother  of  Poisoning  the  Foetus,  Lon- 
don, 1858. 
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attached  ;  and  the  bbod  in  tnoving  tlirougli  them  pr^irlures  a  peciilmr  itiiti^ 
miir,  which  b  usually  distinctly  audible  at  an  early  fierjcid  of  prcgunnc?, 
atii!  may  be  regarded  (\vhen  due  care  h  taken  to  avoid  source-^  of  falbry), 
asouc  of  its  UKjst  unequivocal  positive  signs.  The  '*  placental  bruit*'  is  Urns 
described  by  Dn  Montgomery:*  "The  characters  Df  this  phenomenon  air^  ft 
J ow  ni u rm ii ri n g  o r  so lu e wh a t  cooi ug  so u nd ,  resem h ling  ih at  mad e  by  bl ow- 
ing  fjcnily  over  the  lip  of  a  wide-mouthed  vuiL  und  accompanied  by  a  flight 
ruf?bing  noise,  but  without  any  sensation  of  impulse.  The  sound  is*  iu  iti 
return^  exactly  synchronous  with  the  puise  of  the  mother  at  the  time  of  ei- 
aminatiou  ;  and  varies  in  the  frequency  of  its  repetitions,  with  any  accidental 
variHtion  which  may  oecur  in  the  maternal  circulation*  Its  situation  doe* 
m>t  vary  durinj^  the  coun?e  of  the  same  pregnancy;  but  in  whatever  remou 
of  the  uterus  it  is  fir^  heard,  it  will  in  future  be  found,  if  recor^ni^ed  at  ali,^ — 
for  it  is  liable  to  intermissions, — at  leasts  we  shall  occasioually  bo  unable  to 
henr  it  where  we  have  already  heard  it  a  short  time  before,  and  where  w« 
shall  shortly  again  recognize  it  According  to  mv  experience,  it  will  be 
most  frequently  heard  about  the  situation  of  the  Fallopian  tube  of  the  right  i 
side;  but  It  may  be  detected  in  any  of  the  lateral  or  anterior  parts  of  the 
uterus.'*  That  the  cause  of  this  sound  exists  iu  the  Uterus  it^f,  is  distinctly 
pro%'ed  by  the  fact^  that  it  has  been  heard  when  that  orgmn  wa^sso  completely 
miieveriffi,  that  the  fundus  bung  down  between  the  patient's  thighs.  A  S4>und 
BO  much  reseujbling  this  as  to  be  scarcely  dislingui-jhable  from  it,  may  be  oo 
casioned,  however^  by  a  cause  of  a  very  different  nature, — ^namely,  an  abdoin* 
inal  tumor,  pressing  upon  the  aorta^  iliac  arteries,  or  enlarged  vessels  of  iti  ] 
own ;  and,  iu  doubtful  cases,  it  is  necessary  to  give  full  weight  to  the  po<i&i- 1 
bility  of  such  an  explanation.  The  sound  may  be  imitated  at  any  tini*%  by  ] 
pressing  the  stethoscope  on  the  iliac  arteries.  The  placental  bruit  ba§  iKva 
not  unfreqnently  beard  in  the  eleventh  week  ;  but  it  cannot  generally  Up 
detected  before  the  fourth  mouth,  when  the  fundus  uteri  rises  above  the  mn- 
terior  wall  of  the  pelvis. 

758.  The  increase  in  the  size  of  the  Uterus,  which  takes  place  /wn  pOM^ 
with  the  enlargement  of  the  ovum,  is  accompanied  witli  a  remarkable  aug- 
mentation in  the  amount  of  its  substance.  Up  to  about  the  lifth  or  mxm  i 
month,  not  only  its  cavity,  but  the  thickness  of  its  walls  i*  progreesiv' 
added  to ;  from  that  time  to  the  end  of  gelation,  the  thickness  of  the  walls 
dinnnishes  whilst  the  cavity  increases,  but  not  in  an  equal  pn>portion  ;  and 
at  the  conclusion  of  parturition,  its  solid  bulk  is  estimated  at  about  twenty- 
four  times  that  of  the  unimpregnated  Uterus.  The  augmented  volume  of  ^ 
the  organ  is  chiefly  due  to  the  increased  development  of  its  Mn.KCLilar  eott, 
which  is  composed  of  the  fusiform  cells  with  statf*shaped  nuclei,  that  make 
up  the  "  non-striated  "  muscular  fibre  elsewhere.  According  to  Prof,  KoUiker, 
a  vast  amount  of  new  fibres  are  generated  during  the  early  monthi  of  preg- 
nancy ;  but  there  is  at  the  same  time  an  extmordinary  incre-ase  in  the  mu^  of 
those  previously  formed,  their  length  being  mnltiplieil  from  seven  ttj  eleven 
times,  and  their  width  from  twice  to  five  times.  After  the  sixth  niopth  iha  | 
origination  of  new  muscnlar  fibres  seems  to  cea&e,  but  the  angmeotatioti  In 
the  size  of  tho^e  already  generated  seems  ti>  continue.  The  cooneetive  tissue 
which  unites  the  muscular  fibres  also  increases  during  pregnancy,  and  be- 
comes more  diHtinetly  fibrous.^  It  has  been  shown  by  Dr.  hee,*  lu  bii  faeail- 
liful  prepamtious  and  drawings,  that  the  Nerves  of  the  U tenia,  whiok  Sie 


*  Bi^ns  of  Pr^-ennncy.  p.  121. 

'  8rH>  KoUiker'8  MmuuhI  iSvd,  Soc.  EdJ.  vol.  H,  pp.  2S8,  2Sfi. 

■  PhiJ.  Tmiimct.  1841,  1842,  1840^  1849, 
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derived  Arom  the  iuferior  roeseDteric  plexus  and  the  middle  sacral  nerves/ 
also  undergo  a  great  augmentation  during  pregnancy.  Simultaneously  with 
the  enlairgement  of  the  uterus,  the  Mammary  gland  and  its  appendages  un- 
dergo a  fuller  development;  and  from  this  a  valuable,  but  not  unequivocal, 
indication  of  pregnancy  may  be  drawn.  Occasional  shooting  pains  in  the 
MaminsB  are  not  unfrequently  experienced  within  a  short  period  after  con- 
ception ;  and  more  continued  tenderness  is  also  not  unusual.  A  sense  of  dis- 
tension is  very  commonly  experienced  at  about  the  end  of  the  second  mouth ; 
mod  from  that  time  a  di^mct  "knottiness"  us^ually  begins  to  present  itself, 
increasing  with  the  advance  of  pregnancy.  In  many  instances,  however, 
these  mammary  sympathies  are  entirely  aBsent;  and  they  may  be  simulated 
by  changes  that  take  place  in  consequence  of  various  affections  of  the  uterus. 
A  change  of  color  in  the  areola  is  a  very  common,  but  not  an  invariable, 
occurrence  in  the  early  months  of  pregnancy  ;  but  another  sign  is  afforded  by 
the  areola  and  nipple,  which  is  of  more  value  because  more  constant, — 
namely,  a  pufiy  turgescence,  and  an  increased  development  of  the  little 
fflandular  follicles,  or  tubercles,  which  commonly  secrete  a  dewy  moisture. — 
Ifany  other  changes  in  the  constitution  occur  during  pregnancy ;  indicated 
by  the  buffiness  of  the  blood,  the  irritability  of  the  stomach,  and  the  increased 
excitability  of  the  mind.  All  these  however,  are  discussed  with  sufficient 
amplification  in  works  on  Obstetric  Medicine. 

T59.  The  act  of  Conception,  being  one  of  a  purely  organic  nature,  is  not 
itself  productive  of  any  sensation  on  the  part  of  the  mother;  but  there  are 
tome  women  in  whom  it  is  attended  with  certain  sympathetic  affections,  such 
as  iaintness,  vertigo,  etc.,  that  enable  them  to  fix  upon  the  particular  time 
at  which  it  has  taken  place.  From  that  period,  however,  the  mother  has 
no  direct  consciousness  of  the  change  going  on  in  the  uterus  (save  by  the 
effects  of  its  increasing  pressure  on  other  parts),  until  the  occurrence  of  what 
k  termed  "  quickening.'*  This  is  generally  described  as  a  kind  of  fluttering 
movement,  attended  with  some  degree  of  syncope  or  vertigo.  After  it  has 
once  occurred,  and  has  strongly  excited  attention,  it  is  occasionally  renewed 
once  or  twice,  and  then  gives  place  to  the  ordinary  movements  of  the  foetus. 
Not  unfrequently,  however,  no  movement  whatever  is  felt,  until  near  the 
end  of  the  term  of  gestation,  or  even  through  the  whole  of  it.  As  to  the 
cause  of  the  sensation.  Obstetricians  are  much  divided ;  and  no  satisfactory 
account  has  been  given  of  it.  It  has  been  vulgarly  supposed  to  be  due  to 
the  first  movement  of  the  fa^tus,  which  was  imagined  then  to  become  pos- 
sessed of  an  independent  life ;  and  the  English  law  recognizes  the  truth  of 
this  doctrine,  in  varying  the  punishment  of  an  attempt  to  procure  Abortion, 
according  to  whether  the  woman  be  "  quick  with  child  "  or  not ;  and  in  de- 
laying execution  when  a  woman  can  be  proved  to  be  so,  though  it  is  made 
to  proceed  if  she  is  not,  even  if  she  be  unquestionably  pregnant.  Whether 
or  not  the  first  sensible  motions  of  the  fcetus  are  the  cause  of  the  peculiar 
feeling  in  question,  there  can  be  no  doubt  that  the  embryo  has  as  much  in- 
dependent vitality  before,  as  after,  the  quickening.  From  the  time  that  the 
ovum  quits  the  ovary,  it  ceases  to  be  a  part  of  the  parent,  and  is  dependent 
on  her  only  for  a  due  supply  of  nourishment,  which  it  converts  by  its  own 
inherent  powers  into  its  proper  fabric.  But  this  dependence  cannot  be  said 
to  cease  at  the  moment  of  quickening:  for  the  connection  must  be  prolonged 
during  several  weeks,  before  the  fietus  becomes  capable  of  sustaining  life 

1  Korner,  Heidcnhain's  Stud,  des  Physiol.  Instil,  zu  Brcslau,  1805,  p.  109.  For 
the  Hii'tology  of  the  Virgin  Uterus,  sue*Krcitz«*n,  in  LandzertV  Beitrajje  zur  Anat. 
and  Phys  ,  St.  Petersburg,  1872,  vol.  i,  p.  1,  and  Centralblatt,  1873,  p.  117. 
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wkliout  Mich  assistance.     The  earliest  period  at  which  ihh  mity  occuTi  irill 
be  [I recently  Cfmsidered  t§  1^4)? 

7*>0.  At  the  conclusion  (jf  »bput  forty  weekj,  or  (less  correctly)  nine  soTif 
itiQiith^/  from  the  period  of  eotireption,  the  time  of  Parturition  arrives.  In 
thiii  act,  the  miisi'cular  walls  of  the  Uterus  are  primarily  concerned;  for  a 
Icmtl  of  jierisitaltie  contraction  takes  place  in  them,  the  tendency  of  which 
is  ro  presi?  the  con  tents  of  the  cayity  from  the  funduij  towards  tne  os  uteri, 
and  finally  to  expel  them  ;  and  thii?  contraction  is  alone  sufficient  to  empty 
the  uterus,  when  no  imped tment  in  presented  to  the  exit  of  the  Oettis^  as-  wi 
gee  in  the  occamonal  oectirrence  of  post-mortem  parturition.  It  h,  in  fact, 
in  the  contraction  of  the  fibres  of  the  fundus  and  body  of  the  uterus,  and 
in  a  relaxation  of  those  about  the  cervix  (which  relaxation  b  something 
quite  diderent  from  a  mere  yielding  to  pressure,  and  L^  obviously  a  vital 
phen<mienon  that  marks  a  iieculiarity  in  the  actions  of  thb  part) /that  the 
iir?t  ^rage  of  an  ordinary  labor  essentially  oouMst*/  There  is  nn  proof  * 
whatever  that  tbe^e  changes  are  dej>endent  upon  neryous  influence ;  in  fact, 
there  is  much  evidence  that  the  parturient  action  of  the  uterus  is  not  the 
relink  (m  some  have  nmintained  it  to  he)  of  a  '•  reflex  **  action  of  the  Spinal 
Cord,  hut  is  due  to  its  inherent  contractility  ;  for  numerous  instances  have 
ocL'urred  in  which  normal  parturition  has  taken  place,  notwithstanding  the 
deNtrtU'tion  of  the  lovier  part  of  the  Cord,  or  the  existence  of  a  slate  of  com- 
pleie  paraplegia  which  marked  its  functional  inactivity;  and  the  eon  it  n- 
uaiK*e  ofrthe  peristaltic  action  for  some  time  after  somatic  death,  when 
neith(  r  the  Cerehro-^pinal  nor  the  Sympathetic  system  can  afford  any  sup- 
ply i>f  nervous  {vower,  is  a  yet  more  Mtistaclory  proof  of  the  same  poBiiioti/ 
— Nevertheless,  it  seems  quite  certain  that  muscular  contractioufl  of  the 
Utevus  vui^  be  induced  by  reflex  action ;  for  in  no  other  way  can  we  acctnmt 
for  numerous  phenomena,  which  distinctly  mark  the  o|>L'ration  of  renii4^ 
causes  acting  through  the  neryous  iystem  {  mch  as  the  induction  of  uterrii« J 


*  A  VH^'  rpeurdeJ  by  Dr.  J.  R.  Ueek  {Mrd.  and  9or|r,  Reporu-r,  IR72»  No.  15),  ' 
lemi-  t*.  ^ht>w  th»t  tilts  Uitru*  mny  pHriicipale  rather  nttivHv  in  tin*  f»rocfS4  of  im-  ] 
prfL**i»*ni-Tu  HS  h**  ob«t*?rve<l  tU/»  fir*  uu-n  ici  upon  iind  t*lo?e  wiin  eunndtfrAblM  t^ri^fgy 
on  mrilmnicni  ainiulntion.  O.-^vr  and  tythW^in^vr  (Slricker'a  Mfd,  Jnhrb.,  18T2) 
hiiv-  s^Ij*  wn  ihHt  powerful  c*^nlrtlctil^n?  af  the  titiTUs  an*  produced  by  ihi^  eirciiltinuft 
ot  dv>prru?if  iirterrrtl  bUwd-  pnrtiy  uwijii^  tu  oxtHtiUi^m  of  f^t^me  eenlr'e  f«»r  Um  vitcrmn 
niTvrf*  i*xij-tin^  in  ilie  trim  him,  and  p»irily  t»wing  lo  irntjitit^n  uf  i?jtcitnl>li«  IWh**  to 
thf'  (it>  riJ*i  il^^lli  «nd  St'hltfi'iii^r-r  bus  furUHT  i^lniwn  (Strk-k^r't  Med  Jnhrb.,  IK73, 
p.  1  Mil 'it  uteri  n<*  contrat^tit^ns  ran  nUo  he  jriduicd  by  electric  excltMlioiu»f  Un*  ix*f*lric 
cilniisity  t*f  H  dividt'd  dDrsiul  iihtvc,  {For  tithor  i*3Lj^»primt;nt«  on  the  rt'Bfi:  c^*iitr«L** 
liriii  of  ihv  utrru*  Kftor  irritHtii>n  nf  evhfory  nervoi*,  e«e'Spl<*-geltmr(^^  2*nt/s.  1  ml, 
Mi'<l  ,  "Mt  »  Hd.  ii^  1808^  and  Kdrrit^r,  t>tudi*"n  de#  Pby*.  Insi.  *i4  Hri'slHa,  Hi>fl  iti, 
Mnd  U+i*-rmi'iiT,  rumplilrt,  Bonni  1866.  J  ScwnKcmt  ftnind  tbai  irritjition  <if  the  ttip- 
plrMi  wlikli,  JHVi'rdinij  t<j  liti-clikii.  eMnUiio^n  riiiitiy  tiictili?  iind  Pitciroiin  eorpui.rI*«», 
<!iiii^i^  -  --nt»  Miaii'M  ol  the  im-rup,  Tbp  rnTVi»-pli'XU?i  un  ihi*  ftortM  is  an  irnport^nl  b«l 
riifl  iln-  i^iiiy  vhtiiiue]  f*jr  the  i  ondiiclion  of  ihcsiit*  mi)iiir  im pulses 

*  Ahli-'ij-^h  *'  nine  nHmihs  "  i&  UJ^UHlly  !-pi>kf'n  of  ha  the  term  of  Gestation*  yi^l  ib<* 
reiil  liMtntd'  forty  wcvks  eXi  prda  tbiii  by  fi^om  flv«  li»  sovpn  days*  aiVMnlinij  to  lb« 
mtuuh^  iiii'ludcd*  The  mod**  t»f  ri?ek*JTiiiiu  cn«toTiiHry  amnng  w<»men,  l^  to  d«to  from 
Ihr  nnddli'  at  the  munlb  nflcr  the  hiisl  Hppeurnncoid  Uie  Catiinienui:  Iml  it  i^  rerinio 
thht  Cnini*(«ttun  ift  muph  tnori-  hkidy  to  take  |d«i't*  !ifnm  after  ibiy  hnve  ci^nsi'd  Influx, 
or  evf^n  juH  UistVire  their  atvi^^s,  Ihan  in  the  inlervfning  iKTii^d  ^|  741);  »o  that,  m 
mo-t  iii^tnrM''*,  it  would  be  moxl  corrpft  to  i-Jtrn'ct  labor  at  forty  wcek«;  nn^  m  Um 
diiy-  HU**r  liu*  liL-^i  rwiirreiKi*  *tf  the  mun^e^*. — l^^he  pi? Hod  of  Quk>lic»ninir  may  be  re- 
lied 013  in  Mooe  women,  in  wUufii  it  c>ccur.*i  wiih  great  regularity  tn  »  ecrtui o  "w **eii  of 
prvgtmncy;  btil  in  general  there  U  great  lutiiudr  a*  to  the  time  of  it*  iHvmrn-iict. 
The  ii^Urtf  or  averai»e  time  ftet.*iiia  tfi  be  atwiut  the  eigbtventh  wwk  of  pr«»Ulion. 

*  iS,^.*  It  fmper  vorrobc*ftttini:  tnis  Ha  to  men  I,  by^  Arthur  Seott  Dun  kin ,  M  U^ln 
£diiih,  31  ed   Journal,  vul  l\,  l8(iS,  p.  523. 

*  tJefi  eases  rcHH>rdt^  in  Liincut,  1872,  voL  i,  pp,  &n,  596. 
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contractions  by  the  dash  of  cold  water  on  the  abdominal  surface,  by  the  in- 
jection of  cold  wtfter  into  the  vagina,  by  the  ingestion  of  cold  water  into 
the  stomach,  or  even  by  dipping  the  hand  into  cold  water,  or  again  by  the 
suctorial  application  of  the  infant's  li()s  to  the  nipple,  by  the  introduction 
of  the  hand  into  the  vagina,  by  violent  movements  of  other  parts  of  the 
body,  and  by  various  other  means.  This  general  fact  has  an  important 
practical  bearing ;  since  there  are  various  occasions  on  which  it  is  most  im- 
portant to  life  that  the  previously  flaccid  uterus  should  be  excited  to  vigor- 
ous contraction,  for  the  sake  of  accelerating  parturition  or  of  suppressing 
haemorrhage;  whilst,  on  the  other  hand,  it  is  often  no  less  important  to  be 
able  to  prevent  or  to  antagonize  the  operation  of  causes  which  would  prema- 
turely induce  uterine  contractions,  to  the  destruction  of  the  offspring  and 
the  danger  of  the  mother. 

761.  When,  in  the  normal  act  of  Parturition,  the  head  has  so  far  made 
its  way  through  the  os  uteri  as  to  begin  to  distend  the  lower  part  of  the 
genital  canal,  a  new  kind  of  expulsive  effort  is  superadded  to  that  of  the 
Uterus  itself;  the  assistance  of  the  Expiratory  niu.H'les  being  then  called  in 
(§  507),  through  the  intermediation  of  the  Spinul  Cord,  which  is  probably 
excited  to  this  action  by  the  stimulus  thus  applied  to  the  afferent  nerves  of 
the  compressed  parts;  and  it  is  chiefly  by  the  instruineutaiity  of  these  mus- 
eies  that  the  normal  act  of  parturition  is  usuully  coin})leted.  The  same 
Action  which  expels  the  foetus,  generally  also  detaches  ihc  placenta ;  and  if 
the  uterus  contract  with  suflicient  force  after  tliis  hiis  been  thrown  off,  the 
orifiees  of  the  vessels  which  communicate  with  it  are  so  effectually  closed, 
thai  little  or  no  haemorrhage  takes  place.  If,  howoviir,  the  uterus  does  not 
omtract,  or  relaxes  afler  having  contracted,  a  lar^e  amount  of  blood  may 
be  Itwt  in  a  short  time  from  the  open  oriflces.  For  some  little  time  after 
parturition,  a  sero-sanguineous  discharge,  termed  the  lochia,  is  poured  out 
from  the  uterus;  and  this  commonly  contains  shrvds  k>\  the  deciduous  mem- 
brane which  had  not  l)een  previousily  detached,  togiMher  with  a  quantity  of 
fiit'globules,  and  other  products  of  disintegration  of  the  uterine  tissue  (§  351).* 
Witiiin  a  few  weeks  after  delivery,  the  uterus  regain-*  (:it  least  in  a  healthy 
subject)  its  previous  condition  ;  part  of  its  newly  jrom  riitod  muscular  fibres 
Beeni  to  disappear  altogether,  whilst  the  others  ^llrink  to  their  ordinary  di- 
mensions; and  the  portion  of  its  mucous  membrane  which  had  been  thrown 
off  as  Decidua,  seems  to  be  to  some  extent  reproduced,  according  to  the 
researches  of  Dr.  Matthews  Duncan  and  M.  liobin,  even  before  delivery 
occurs,  so  that  the  muscular  tissue  of  the  Uterua  is  never  left  completely 
denuded.' 

762.  As  to  the  reason  why  the  period  of  Parturition  should  be  just  forty 
weeks  after  the  occurrence  of  Conception,  we  know  nothing  more  than  we 
do  of  that  of  similar  per /orf/ca/  phenomena  in  the  history  of  the  life  of  Man 
and  of  other  living  beings ;  all  of  which  must  be  considered  as  occamoual 
manifestations  of  changes  that  are  constantly  in  j)roj5re.ss,  whose  rate,  being 
dependent  upon  the  degree  of  Heat  supplied,  is  no  unilorin  in  warm-blooded 


*  In  uddition  to  the  evidenco  above  rt^ferred  to,  of  ih»'  rjipid  occurrence  of  fatty 
dfgt'ricratiim  of  the  uterine  :«tructun' afttr  parturition,  iln»  A'jihnr  may  mention  that 
be  hill*  h«M»n  informed  by  Dr.  R'-tzius  (Pr<»fcs*(»r  of  Mid\vifi*ry  al  Stockholm)  that  h.j 
bM  d«'l<'<'ted  a  hirge  number  of  fat-j;lobule8  in  the  urin«'  oi  puerperal  women.  Is  it 
not  |M»s»»ible — it  may  be  further  asked — that  some  of  tii«'  «»I»*;ii:iijouft  matter  so  copiously 
pound  forth  by  the  Mammrtry  ghiniU,  may  be  deriv«^<l  fmrn  ihi>  -ource?  Such  an 
economy  of  nutrient  material  would  be  consistent  with  what  wt*  elsewhere  m»*et  with  ; 
and  the  idea  is  conformable  to  the  fact  that  the  proportion  of  hutyrin  in  the  milk  is 
much  greater  in  the  earlier,  than  in  the  later  months  of  hutatiou. 

«  Sets  Huxley 'a  Elements  of  Comp.  Anatomy,  1864,  p.  107. 
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animalsj  as  to  secure  a  very  close  couhrmity  to  a  common  standard,'  Thefe 
ia  evideoce  that  the  occurrence  of  the  uteriue  rmm  may  be  jiidtictHl  b?  « 
variety  of  causes,  several  of  which  probably  concur  in  the  normal  acl  of 
Parturitioti,  For^  in  the  firet  places  the  stale  of  development  of  the  must'U- 
lar  suk^taaee  of  the  Uterus  can  scarcely  be  without  a  con^Ulembk*  influtetic^ 
on  thU  operation.  We  see  it  undergoing  a  gradual  angnientatiou  during  ihe 
period  of  pregnancy »  without  any  demand  being  maue  upon  its  fnnelioii&l 
activity  ;  it  gradually  becomes  more  and  more  irritable,  eon  tractions  being 
far  uiort^  readily  excited  in  it  by  electrical  or  other  stimnlationj  in  the  latef 
than  in  the  earlier  months  of  pregnancy;  and  at  last  this  irritability  aeenw 
to  reach  itM  aenie^  in  virtue  of  the  nutritive  changes  which  have  been  pr©- 
grejvsr%i^ely  taking  place  in  it^  and  to  discharge  itiielf  in  one  |jowerful  effort 
Certain  preparatory  changes  are  known  to  be  taking  place  in  the  Uterue 
itself,  during  the  la^t  two  or  three  weeks  of  gestation  ;  for  its  upper  fmrt 
contraebs  more  closely  around  its  contents,  as  if  it  were  bracing  itself  up  IW 
the  coming  encounter;  whikt  there  is  a  greater  disposition  to  rehtxatitm  «f 
its  hnver  part,  aa  also  in  the  soft  parts  surrounding  the  orifice  of  ihc  pelvb, 
eo  that  the  whole  m^isa  descends.  It  is  well  known  that  there  is  far  le^  apti- 
tude for  dilatation  in  the  os  uteri  before  this  change  has  taken  place;  ^}  thai 
premature  labors  are  frequently  rendered  very  <liffieult  and  tedious  by  the 
rci^btance  which  the  Actus  encounters  from  the  sidl  parts,  notwithsUnding 
that  iu*i  J? mailer  size  enables  it  to  pas?  more  readily  through  the  [Mid vie  canal 
— That  the  parturient  effljrt,  however^  is  not  solely  dependent  upon  the  eiate 
of  development  of  the  uterus,  appears  from  several  cous^ideratioud ;  and,  in 
the  first  place,  from  the  verv  cnrioujsi  fact  that,  in  castes  of  extm-uterroe 
faUatinOj  contractions  rti^embling  those  of  labor  take  place  irv  its  walb.  In 
ftLQiy  what  may  be  termeti  the  mafnrnfion  not  merely  of  the  Uterus,  but  al*o 
of  its  Embryonic  contents, — a  conditifjn  analogous  to  that  which  precedes 
the  driipping  of  ripe  fruit,  and  which  is  acquired  by  the  Cfjmpletion  of  the 
developmental  process, — appears  to  have  more  intinence  iu  fletermlning  the 
normal  parturient  effljvt,  than  any  f»ther  cause  which  can  be  ni^igned.  The 
Placenta  of  the  fully  developed  tWlus,  indeed,  ts  somewhat  in  the  condition 
of  the  footstalk  of  a  rii»ening  fruit  j  that  is,  having  attained  it^  full  evohnion 
as  an  organ  of  temponirv  function,  its  connection  tends  to  became  disj^vered 
in  virtue  of  the  further  changes  which  take  place  in  itself,  quite  irrt^pectively 
of  any  external  agency.'  This  is  very  strikingly  evinced  by  the  fact,  that 
when  the  uterus  c(m tains  two  fcetus^es,  and  one  of  them  is  expelled,— either 
in  consequence  of  impeded  developnient  or  disease  in  itgelf,  or  becaui^e  it  has  | 
attained  its  own  full  term  of  development  (as  in  cases  of  sujRM'fLetation,  § 
766?,^ the  other,  if  its  development  at  this  |>eriod  is  far  from  complete,  is 
often  retained,  and  goes  on  Ut  its  full  term,  it!*  placenta  not  being  detached 
in  the  first  parturient  effort,  because  it  was  not  then  prepared  tor  the  NBjiart- 
tion.  It  is  obvious  that  this  view  afftvrfls  a  rational  explanation  of  the  oe- 
currence  of  uterine  action  in  cases  of  extrauterine  fcetatiou ;  tor,  if  thif  cua- 
dition  of  the  placental  attach nicnt  furnish  its  exciting  cauBe^  it  will  do  sol 
equally,  whether  the  placenta  be  attached  to  the  lining  of  the  isterust  nr  to  j 


*  This  may  be  bc*t  iVlu?trat«*d  by  thf»  nimltJEjy  of  a  L«*ydcia  jar  which  ia  Mm  I 
cb«rgi?r!  by  th^  efmtLnmm.t  m'i\on  of  iin  EWtru'Hl  M«Lljirif«,  Riid  wlikh  i  ^  '^j^  ' 
ta  to  i/i-rfhiirjue  itm^\f  $p(ptiUn<^iu^1y  wlienevt>r  ihe  di^lurt>wu<'t*  in  it*^  *  >.  .  »v 

tftin!*  R  c^rtiiirj  mien**ity.     If  ihi!'m<»vement  of  the  itiuchiriL-  be  wnifMr.,., iiJKf 

ctmflitiMn!«  n^mnin  the  sHmc,  the  dl^harge  will  takc^  ptnri«  Ht  regulwr  intfTVnU, 

'  Knell  a  chitngft  nmy  bc^  ensily  venfiod  in  tbr»  Phtornui  of  timtiy  of  llie  lowf  r  msi* 
tnftls,  fiR  h  Ha  ihe  Cnt,  in  which  {hv.  fa?ul  und  amtemMJ  pnrtionf  rtfumln  mi*r*f  dMtnct 
irotn  I'Hch  othi-*r  ihnn  thpv  do  in  the  lliifiittn  fi^niMle  ;  fnr  tbwi^  thH-imio  f^r  niort"  tiiit)/ 
sepamble  us  the  perM  of  parturition  dr»w«  nmr  ihtitj  tbr}*  pre  at  Any  pre v toy •  um^ 
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that  of  the  Fallopian  tube,  or  to  any  other  organ.  It  is  an  additional  indi- 
cation that  the  immediate  stimulus  to  the  parturient  effort  of  the  uterus  is 
pven  by  some  change  in  the  condition  of  ir«  foetal  connections,  that  the  term 
of  gestation  seems  capable  of  being  prolonged  by  peculiarities  in  the  const!- 
fcutioD  or  rate  of  development  of  the  foetus,  which  are  derived  from  the  male 
parent ;  for  it  was  ascertained  by  the  late  Earl  Spencer,*  that  of  75  cows  in 
calf  by  a  particular  bull,  the  average  period  was  288^  days,  instead  of  280; 
Done  of  these  having  gone  less  than  281  days,  and  two-fifths  of  them  having 
exceeded  289  days.' 

763.  Various  states  of  the  constitution,  especially  that  which  is  designated 
■8  "irritability,"  may  induce  the  occurrence  of  the  parturient  effort  at  an 
earlier  period ;  and  this  constitutes  Premature  Delivery  or  Abortion,  accord- 
ing as  the  child  is  or  is  not  viable  (§  764).  There  are  some  women  in  whom 
this  regularly  happens  at  a  certain  month,  so  that  it  seems  to  be  an  action 
oatural  to  them;  but  it  should  always  be  prevented,  if  possible,  being  inju- 
rious alike  to  the  mother  and  to  the  child  ;  and  this  prevention  is  to  be  at- 
tempted by  rest  and  tranquillity  of  mind  and  body,  and  by  a  careful  avoid- 
ince  of  all  the  exciting  causes  which  may  produce  uterine  contractions  by 
their  operation  on  the  Nervous  system  (§  760).  Among  the  causes  of  Abor- 
fciony  however,  the  death  of  the  foetus,  or  an  abnormal  state  of  the  phiceutal 
itructure,  is  one  of  the  most  common;  and  thus  we  have  another  very  dis- 
inct  proof  of  the  influence  which  the  state  of  the  contents  of  the  uterus  has 
m  the  induction  of  the  parturient  effort. 

764.  The  question  of  the  extreme  limits  of  the  period  of  Gestation,  is  one 
if  great  importance  both  to  the  Practitioner  and  to  the  Medical  Jurist. — In 
regard  to  the  shortest  period  at  which  Gestation  may  terminate,  consistently 
iritfa  the  viability  of  the  Child,  there  is  still  a  great  degree  of  uncertainty. 
Host  practitioners  are  of  opinion  that  it  is  next  to  impossible  for  a  faaus  to 
live  and  grow  to  maturity,  which  has  not  nearly  completed  its  seventh 
month  ;  but  it  is  unquestionable  that  infants  born  at  a  much  earlier  period 
have  lived  for  some  months,  or  even  to  adult  age.  It  is  rare  in  such  cases, 
tiowever,  that  the  date  of  conception  can  be  fixed  with  sufl5cient  precision  to 
Bnable  a  definite  statement  to  be  given.  Of  the  importance  of  the  question, 
ft  case  which  some  time  since  occurred  in  Scotland  affords  sufficient  proof. 
A.  vast  amount  of  contradictory  evidence  was  adduced  on  this  trial ;  but,  on 

»  See  Dr.  J.  C.  Hull,  in  Mr dicnl  GuzHto.  Way  fiib,  1F42. 

■  The  very  ingenious  doctrine  ha8  been  propounded  by  Dr.  Tyler  Smith  (Pnrturi- 
tioii,and  the  Principlep  and  Practice  of  Obstetrics,  Lond<«n,  1849),  that  the  exciting 
muse  of  Parturition  is  to  be  found  in  the  recurrence  of  the  periodical  excitement  of 
^be  ovary,  acting  by  reflection  on  the  uterus  through  the  spinal  system  of  nervt*.-',  the 
>varian  nerves  being  the  ercituraj  and  ihe  uterine  the  motorn;  this  excitement  con- 
tinuing during  the  entire  period  of  gestation,  and  giving  a  special  tendency  to  abor- 
tion at  each  return;  and  acting  with  such  potency  at  th«*  eleventh  recurrence  as  then 
to  induce  the  parturient  effort.  He  assigns  no  other  cause,  however,  why  this  eleventh 
recurrence  should  be  so  much  more  ett'ectual  than  the  rest,  than  that  by  this  time 
there  is  a  much  greater  a))titude  to  contraction  in  tho  uterus  itself,  and  an  increased 
readiness  to  be  thrown  ott'on  the  part  of  the  placenta, — conditions  which  seem  to  the 
Author  to  be  in  themselves  adequate  to  account  ft»r  the  result.  Dr.  Tyler  Smith's 
bTp4»thesis  is  distinctly  negatived  by  the  following  facts:  1.  The  period  of  gestation, 
iftDough  commonly  a  multiple  of  the  menstrual  interval,  is  by  no  means  constantly 
so;  the  former  often  remaining  normal,  when  the  latter  is  shorter  or  longer  than 
aiual.  2.  Parturient  efl'orts  take  place  in  the  uterus,  notwithstanding  the  previous 
removal  of  the  lt»wer  part  of  the  spinal  c<»rd.  8.  The  removal  of  the  ovaries  in  the 
later  part  of  gestation  does  not  interpose  the  least  check  to  the  parturient  action,  as 
Prof.  Simpson  of  Edinburgh  has  experimentally  ascertained.— The  Author  considers 
himself  fully  justified,  therefore,  in  asserting  that  this  hypothesis  does  not  possess  the 
ilightest  claim  to  be  entertained  as  even  tejMssible  one;  and  would  refer,  for  a  more 
letailed  examination  of  it,  to  the  Brit,  and  For.  Med.-Cbir.  Beview,  vol.  iv,  p.  1. 
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the  general  rule  of  accepting  poi^itive  in  preferenfie  to  negative  testinaonT,  tt 
s^etn^  that  we  ought  to  com  side  r  it  poa'iible  that  a  child  may  liv^e  for  home 
months,  which  has  Ijeen  born  at  the  conclusion  of  24  weeks  of  gestation.  Id 
the  eai^?  in  question,  the  Preslijtery  decided  in  favor  of  the  legitimacy  of  iH 
infant  born  alive  within  25  weeka  after  marriage/  A  very  intetiestiDg  GSae 
h  on  record,'  in  which  the  mother  (who  had  boroe  five  children)  wai  eofifi- 
deiit  that  her  period  of  gestation  was  less  than  19  week«j  the  facts  »mied 
respecting  the  development  of  the  child  are  necessarily  very  iQiperfeet»  as  it 
was  iiu|K> riant  to  avoid  exposing  his  body,  in  order  that  his  temf»enitur« 
might  be  kepi  upj  but  three  weeks  after  his  birth,  he  was  only  13  inches  in 
leijglh,  and  his  weight  w^as  no  more  than  29  ok.  At  that  time,  aeei>nling  to 
the  calculation  of  the  mother^  he  might  be  regarded  as  corresfMiriditig  with 
an  infant  of  22  weeks  or  5  months;  but  the  length  and  weight  were  greater 
than  is  usual  at  that  period,  iudicatiDg  that  he  was  probably  born  at  about 
the  25th  week.  It  is  an  interesting  feature  in  this  case,  that  the  calorific 
pfiwer  t)f  the  infant  was  so  low,  that  artificial  heat  was  constantly  neetjed  to 
gusstain  it;  hut  that  under  the  infiiience  of  heat  of  the  fire  he  evidently  be- 
eaaie  weaker^  whilst  the  warmth  of  a  person  in  bed  rendered  him  lively  aad 
coi  N  pa  rati  vely  strong.  During  the  first  week  it  was?  extremely  difiieuU  to 
get  liiiji  to  swallow  ;  and  it  was  nearly  a  month  before  he  could  suck*  Al 
the  tiiiie  of  the  re|K>rt,  he  was  four  months  old^aud  his  health  appeared  vtry 
guoij.^ Another  case  of  very  early  viability  has  been  more  recently  put  on 
record  by  Mr.  Dijddi"  in  this,  as  in  the  former  instance,  the  detenninatiiifl 
of  the  child's  ago  rests  chiefly  on  the  opinion  of  the  mother:  but  there  ap- 
ptniris  no  reasKin  tor  suspecting  any  fallacy.  The  child  seems  to  have  been 
born  at  the  26th  or  27th  week  of  gestation;  and  havitig  been  placed  uuder 
juilicious  management  I  it  has  thriven  well. — One  of  the  most  j^atisfaciofft 
cum's  on  record,  is  that  detailed  by  Dr,  Outreponi^  (Professor  of  Obstelrits 
at  \Vurt/J)ur^)j  and  siiated  by  Dr.  Christ ison  in  hi^  evidence  on  the  cu^e  fiftl 
alludi'<l  to.  The  eviiience  is  as  complete  as  it  is  po^ible  to  be  m  any  cti»e  nt 
thtf  kin<i ;  being  derived  not  only  from  the  date  assigneil  by  the  mother  to 
her  eoiK'e[ition,  but  also  from  the  structure  and  history  of  the  child.  The 
gciitatiun  cpuld  have  lasted  only  27  weeks,  and  was  very  probably  les^.  The 
leiigiK  of  the  child  was  ISj  inches,  and  its  weight  was  24  Q%.  lU  develop- 
ment was  altogether  slow;  and  at  the  age  of  eleven  yeart^  the  child  secmetl 
nt)  nntre  advanced  in  body  or  mind  than  most  boys  of  seven  years  old,  la 
thb  last  point,  there  is  a  very  striking  correspondence  with  the  ret^ulu  of 
otlier  obijervations  upon  premature  child a*n,  made  at  au  ei^rlbr  agtn— A 
very  remarkable  case  has  been  since  put  on  record  by  Dr  Barker  of  Duni* 
frieH,^  in  which  the  child  is  affirmed  to  have  been  bora  on  the  158th  day  of 
geijtatiou,  or  in  the  middle  of  the  hventylhini  week  after  interctjurse.  Its 
Bm%  weight,  and  grade  of  dcvelopnient  were  conformable  to  the  a:i&iart«d 
periuih  for  it  weighed  only  16  oz.,  and  measured  11  inches;  It  had  only 
rudinjentary  nails,  and  scarcely  any  hair  except  a  little  of  reddis^h  ct*lor  on 
the  back  of  the  head;  the  eyelids  were  closed,  and  did  not  o|K*n  nntil  the 
second  day;  the  skin  was  shrivelled.  When  bora  it  was  wrap|>ed  up  in  a 
box  and  placed  before  the  fire.  The  child  did  not  suck  properly  until  after 
the  la|>se  of  a  month,  and  did  not  walk  until  she  was  nineteen  niaathn  ^Id. 
Three  years  and  a  half  afterwards  this  child  was  in  a  thriving  states  iJid 
very  healthy  but  of  small  make;  she  then  weighed  29|  Ib& 


1   RftpoTl  of  Proceed i ng§  tti^nin^t  tUe  li**v,  Ferga^  Jeirdiae,  SdilllmrgiL,  16i9L 

*  Edrnb.  Med.  iiud  Surg.  JiiUrnnU  v»*l.  xl. 

*  l*ri>vinc»iil  Medicnl  uud  ♦SuTgiL-ttl  JuurnaJ^  wL  ii|  p*  4ii, 

*  Herikf's  Zeit^^hHlt,  Bd.  vi, 

*  Medical  Titn«s,  B«pt  Ttb  Mtid  Get.  12Lb,  iSfiO. 
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765.  A  like  uncertainty  exists  with  regard  to  the  degree  of  protraction  of 
which  the  ordinary  duration  of  Grestation  is  capable. — Many  obstetric  prac- 
titioners, whoee  experience  should  give  much  weight  to  their  opinion,  main- 
tain that  the  regular  period  of  40  weeks  is  never  extended  by  more  than  two 
or  three  days;  whilst,  on  the  other  hand,  there  are  numerous  cases  on  record, 
which,  if  testimony  is  to  be  believed  at  all  (and  in  many  of  these,  the  char- 
acter and  circumstances  of  the  parties  place  them  above  suspicion),  furnish 
ample  evidence,  that  Gestation  may  be  prolonged  for  at  least  three  weeks 
beyond  the  regular  term.*  In  one  case,  indeed,  recorded  by  Liegard,*  preg- 
nancy was  believed  to  have  lasted  330  days.  The  English  law  fixes  no  pre- 
cise limit;  and  the  decisions  which  have  been  given  in  our  courts,  when  ques- 
tions of  this  kind  have  been  raised,  have  been  mostly  formed  upon  the  col- 
lateral circumstances.  The  law  of  France  provides  that  the  legitimacy  of  a 
child  born  within  300  days  afler  the  death  or  departure  of  the  husband  shall 
Dot  be  questioned ;  and  a  child  born  af^er  more  than  300  days  is  not  declared 
a  bastard,  but  its  legitimacy  may  be  contested.  By  the  Scotch  law,  a  child 
is  not  declared  a  bastard,  unless  born  after  the  tenth  month  from  the  death 
or  departure  of  the  husband. — Very  important  evidence  on  this  subject  is 
afforded  by  investigations  on  the  lower  animals,  which  are  free  from  many 
sources  of  fallacy  that  attend  human  testimony.  The  observations  of  Tes- 
rier,  which  were  continued  during  a  period  of  forty  years,  with  every  pre- 
caution against  inaccuracy,  have  furnished  a  body  of  results  which  seems 
quite  decisive.  In  the  Cow,  the  ordinary  period  of  gestation  is  about  the 
aanie  as  the  Human  female;  but  out  of  577  individuals,  no  less  than  20 
calved  beyond  the  298th  day,  and  of  these,  some  went  on  to  the  321st, 
making  an  excess  of  nearly  six  weeks,  or  about  one-seveiith  of  the  entire 
period.  Of  447  Mares,  whose  natural  period  of  gestation  is  about  335  days, 
42  foaled  between  the  359th  and  the  419th  days,  the  greatest  protraction 
being  thus  84  days,  or  just  one-fourth  of  the  usual  term,  Of  912  Sheep, 
whose  natural  period  is  about  151  days,  96  yeaned  beyond  the  153d  day; 
and  of  these,  7  went  on  until  the  157th  day,  making  an  excess  of  6  days. 
Of  161  Rabbits,  whose  natural  period  is  about  30  days,  no  fewer  than  25 
littered  between  the  32d  and  the  35th ;  the  greatest  protracti(m  was  here 
cne-dirthr  of  the  whole  period,  and  the  proportion  in  which  there  was  a  mani- 
fest prolongation  was  aLso  nearly  one-sixih  of  the  total  number  of  individ- 
uals. In  the  incubation  of  the  common  Hen,  the  duration  of  which  must  be 
entirely  determined  by  the  rate  of  embryonic  development,  Tessier  found 
that  there  was  not  unfrequently  a  prolongation  to  the  amount  of  three 
days,  or  ofie-sevefith  of  the  whole  period. — In  regard  to  Cows,  the  observa- 
tions of  Tessier  have  been  confirmed  by  those  of  Earl  S|)encer,  who  has 
Eublished'  a  table  of  the  period  of  gestation  as  observed  in  7G4  individuals; 
e  considers  the  average  period  to  be  2^4  or  285  days;  but  no  fewer  than 
310  calved  after  the  285th  day;  and  of  these,  3  went  on  to  the  306th  day, 
and  1  to  the  313th.  It  is  curious  that  among  the  calves  born  between  the 
290th  and  300th  days,  there  was  a  decided  preponderance  of  males, — these 
being  74,  to  32  females;  whilst  all  of  those  horn  after  the  300th  day  were 
females.  The  additional  series  of  observations  huhsequently  made  by  Earl 
Spencer,  in  regard  to  the  constant  protraction  of  the  period  in  75  cows  in 
calf  by  a  particular  bull,  has  been  already  noticed  (§  762). — Another  series 
of  observations  has  been  published  by  Mr.  C.  N.  Bemcnt  of  Albany,  U.  S.,* 

*  A  g<iod  collection  of  such  cnsc^s  will  he  f«»un<l  in  Dr.  Monti;(»mfry*s  (»xcollent  work 
on  the  Signs  of  PreijnHncy,  and  in  Dr.  A.  Taylor's  Medical  Juri.-prudence. 

'  Gaz  cl(*s  IlooiUuix,  I8-')9. 

*  Journal  of  the  Enji:li*h  Agricultural  Society,  1830. 

*  American  Journal  of  the  Medical  Sciencei*,  October,  1845. 
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who  has  recordt^l  the  perioc]  of  gestation  of  4>2  cows.    The  longeit  period  j 
was  336  flays;  the  nhortej^t,  213  days.     The  average  period  for  male  t-alvei 
was  288  days;  and  for  females  282  days.— On  the  whole  it  may  l>e  eoui^iil- 
ered,  that  in  regard  to  the  Human  female,  the  French  law  b  a  very  reaM>n- 
able  one ;  there  being  quite  sufficient  analogieal  evidence  Ut  iuppjit  the  { 
assert ioui  of  females  of  good  character,  having  no  motive  to  deceive,  which ' 
lead  to  the  conclusion  that  a  protraction  of  at  lea^t  four  weeks  U  quite  pu«~ 
aible,  and  that  a  protraction  of  six  weeks  is  scarcely  to  be  denied,* 

766.  There  ie  another  question  regarding  the  function  of  the  Female  in  I 
the  Re[)roductive  act,  which  is  of  great  interest  in  a  scientific  point  of  view, 
and  which  may  become  of  importance  in  Juridical  inquiries;  namely,  th«^ 
possibility  of  &iiperf(Etatton,  that  is,  of  two  distinct  conceptions  at  an  io* 
terval  of  greater  or  It^ss  duration  ;  so  that  two  fcetussca  of  different  agi?^,  the 
offspring  perhaps  of  different  parents',  may  exist  in  the  uterus  at  the  s=ame 
time, — The  simplest  case  of  SuperfiBtatioiL,  the  Irequeot  occurrence  of  wliich 
places  it  beyond  reas^onable  doubt,  is  that  in  wliich  a  female  ha=f  Intercoun^i 
on  the  same  day  with  two  males  of  different  coiiijilexionsj  and  bear!»  twioi] 
at  the  full  time ;  the  two  inianta  resembling  the  two  parents  rt«[*ectively, 
Thu9,  in  the  Southern  8tate4S  of  America,  it  is  not  uncommon  il>r  a  black 
woman  to  bear  at  the  F^ame  time  a  black  and  a  mulatto  child ;  the  ftirta^t 
being  the  offe^pring  of  her  black  huiiband,  and  tbe  latter  of  her  while  para- 
mour. The  convert  has  occasionally^  though  less  frec:juently,  occurrLHl ;  a 
white  woman  bearing  at  tbe  same  time  a  white  and  a  mulatto  child,  Thitre 
is  no  difficulty  in  accounting  for  such  iacts,  when  it  is  remembere^i  that 
fiothing  has  occurred  to  prevent  the  uterus  and  ovaria  from  being  as  reit^lr  ^H 
for  the  eecond  conception  as  for  the  first;  since  the  orifice  of  the  forttier  ^^M 
not  yet  closed  up;  and,  at  the  time  when  one  ovum  is  nmtured  for  jt*cui>da-  ^^ 
tjon,  there  are  usually  more  in  nearly  the  ^ame  condition, — But  it  is  noi 
ett,«y  thus  to  account  tor  the  birth  of  two  children,  each  apparently  matun*, 
at  an  interval  of  five  or  mx  months ;  since  it  might  have  been  supjx>!t*'d  that 
the  uterus  was  so  completely  occupied  with  the  first  ovum,  a*!  not  to  allow 
of  the  transmission  of  the  seminal  fluid  necessary  for  the  fecundation  uf  the 
iecond.  In  cases  where  two  cbihlren  have  lieen  pr(}dueed  at  tbe  same  lime, 
one  of  which  was  fully  formed,  whilst  the  other  was  small  and  seemingly 
premature,  there  is  no  occasion  whatever  to  imagine  that  the  two  were  f»ii* 
€mv€d  at  different  periods ;  since  the  smaller  fcetus  may  have  been  *'  bligbtc<l/* 
and  its  development  retarded,  as  not  nn frequently  happens  in  other  cjihs, 
Nor  is  It  necessary  to  inler  tbe  occurrence  of  »*u[}erfaftaiioa  in  every  case  in 
which  a  living  child  has  been  produced  a  month  or  two  alter  the  birth  *>f 
another;  since  the  latter  may  have  been  somewhat  premaiurt%  whiUt  tl*e 
former  has  been  carried  to  the  full  term.  But  such  a  ditll^renct  ctin  scar^'rly 
be,  at  the  mo^t,  more  than  2  J  or  3  months  ;*  and  there  are  M-veral  vm^e^  iiuw' 
on  record^  in  which  the  interval  wa^  from  110  to  170  days,  whilst  neither  of 
tbe  children  presented  any  indication  of  being  otherwise  than  mature*' 

7(>7.  Whatever  be  the  precise  nature  and  history  of  the  Fecumlnting  pro- 
cess,  there  can  be  no  doubt  that  the  properties  of  the  Germ  dt^pcnd  ufwo 
conditions,  both  material  and  dynamical,  supplied  by  buth  Part^ts.     This  u 


*  See  especially  two  casi^^t  1S3  und  184^  detidk»d  hy  Dr  Murphy  in  hi«  Report  «jf 
the  ObjiiMric  F  met  ice  of  Uidvemly  Colic  gt*  Ho^^phiii  for  1844;  And  iiru>ih«*r  t-na* 
»im'«  puUliijbed  by  him  in  ibo  Medk'Hl  GwzHti?  tbr  )HV,i^  vol,  xK'iiii  p.  <tft,"i, 

*  For  m\  inlereftinir  iia^q  of  aupt^rftptwlion,  where  tht*  differf-nci'  in  the  ll^^  of  tbi 
two  roGlo&es  waa  ubout  three  monthsj  st*^  a  K<;jMirt  mttde  hy  Vfi,  Hurley  utiif  Tun^r 
to  the  OtMJtetricftI  Sen  iety,  LtiTicet,  vol,  ii,  WV2. 

*  SiHf  tbe  Article  Supt^rfetfliion,  m  Ur,  Bef?k'§  Blemefite  of  M<?diciil  JttrtaprudeacVf 
and  B.  B.  Schutize  in  the  Jenauebe  Z^jiti.,  B4*  It,  IS^^  p.  L 
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most  obviously  showu  by  tbe  fimon  of  tbe  cbaracters  of  tbe  parents,  wbich 
18  exhibited  by  hybrids  between  distinct  species  or  strongly-marked  varieties 
among  the  lower  animals,  such  as  the  Horse  and  Ass,  the  Lion  and  Tiger, 
or  the  various  breeds  of  Dogs;  or  in  the  offspring  of  parents  belonging  to 
two  Btrongly-contrasted  Races  of  Men,  such  as  the  European  on  the  one 
hand,  and  the  Negro  or  American  Indian  on  the  other. — It  ha?  long  been 
a  prevalent  idea  that  certain  parU  of  the  organism  of  the  offspring  are 
derived  from  the  male,  and  certain  other  parts  from  the  female  parent; 
and  although  no  universal  rule  can  be  laid  down  upon  this  point,  yet  the 
independent  observations  which  have  been  made  by  numerous  i)ractical 
"breeders"  of  domestic  animals  (both  mammals  and  birds),  seem  to  es- 
tablish that  such  a  tendency  has  a  real  existence;  the  characters  of  the 
Animal  portion  of  the  fabric  being  especially  (but  not  exclusively)  derived 
from  the  vmle  parent,  and  those  of  the  Organic  apparatus  being  in  like 
manner  derived  from  the  female  parent.  The  former  will  be  chiefly  mani- 
fested in  the  external  appearance,  in  the  general  configuration  of  the  head 
and  limbs,  in  the  organs  of  the  senses  (including  the  skin),  and  in  the  loco- 
motive apparatus ;  whilst  the  latter  show  themselves  in  the  size  of  the  body 
(which  is  primarily  determined  by  the  development  of  the  viscera  contained 
in  the  trunk),  and  in  the  mo<ie  in  which  the  vital  functions  are  performed. 
Thus  the  mii/e,  which  is  the  produce  of  the  male  ass  and  the  mare,  is  essen- 
tially a  modified  ass,  having  the  general  configuration  of  its  sire  (slightly 
Taried  by  equine  peculiarities),  but  having  the  rounder  trunk  and  larger 
rise  of  its  dam ;  on  the  other  hand,  the  hinny,  which  is  the  offspring  of 
the  stallion  and  the  she-ass,  is  essentially  a  modified  horse,  having  the 
general  configuration  of  the  horse  (though  with  a  slight  admixture  of 
asinine  features),  but  being  a  much  smaller  animal  than  its  sire,  and  thus 
approaching  its  dam  in  size,  as  well  as  in  the  comparative  narrowness  of  its 
trunk.  The  influence  of  the  female  on  the  general  "  constitution,"  and  espe- 
ciallj  on  the  fattening,  milking,  and  breeding  qualities  of  the  ofispring,  is 
asserted  to  be  proved  by  the  nistory  of  several  races  of  sheep  and  cattle, 
which  have  been  most  distinguished  in  these  respects.' — But  however  general 
this  rule  may  prove  to  be  as  regards  the  lower  animals,  it  is  by  no  means 
universal;  for  instances  are  by  no  means  unfrecjuent,  in  which  the  multiple 
progeny  of  one  conception  divide  between  them  the  characters  of  the  parents 
ID  very  different  modes.  Thus,  in  a  case  in  which  a  Setter-bitch,  having  been 
"  lined  "  by  a  Pointer,  bore  three  pup,  two  of  these  pups  seemed  exclusively 
to  resemble  the  father,  appearing  to  oe  perfect  Pointers  in  configuration,  and 
growing  up  with  the  habits  of  that  race ;  whilst  the  third  seemed  equally  to 
resemble  its  mother,  being  apparently  a  true  Setter  both  in  structure  and  in- 
stinct. Yet  notwithstanding  this  apparent  restriction,  it  subsequently  ap- 
peared that  the  pointer-pups  must  have  had  something  of  the  setter  in  their 
constitution,  and  the  setter-pup  something  of  the  pointer.  For  one  of  the 
Pointer-pups  (a  male)  having  been  matched  at  the  proper  age  with  a  Pointer- 
bitch  of  pure  breed,  one  of  the  pups  borne  by  the  latter  was  a  true  setter,  ex- 
actly resembling  its  paternal  grandmother,  and  another  was  setter-marked  ; 
and  the  Setter-pup  (a  female)  having  been  lined  by  a  Setter-dog  of  pure 
breed,  there  were  among  its  litter  of  pups  two  pointers  resembling  their 
maternal  grandfather. — The  same  variety  presents  itself  to  even  a  greater 
degree  in  the  human  species.     For  in  almost  every  large  family  (and  some- 

*  See  WHlkor,  On  Intermarriage;  Orton  on  Tbe  Physiolojjy  of  Breeding,  in  the 
Newcastle  Chronicle,  March  10th,  1854;  and  Dr.  Alex.  Harvey,  On  the  lielative  In- 
fluencn  of  the  Male  and  Female  Parents  in  the  Reproduction  of  the  Animal  Species, 
in  Edinb.  Monthly  Journ.,  Aug.  18G4 ;  and  especially  Darwin,  On  the  Variation  of 
Species  under  Domestication,  1868. 
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times  even  where  thero  are  no  more  tlian  two  cJiiIdren  jj  it  will  be  oWnr^^ 
that  the  likeueas  to  the  father  p  redo  ml  nates  in  some  of  the  chiUreiuand  ihu 
resemblance  to  the  mother  in  othera.  Stilt  it  U  rare  to  meet  with  inatam^ 
in  which  gome  disti active  tmits  of  both  part^nts  may  not  be  tmced  lu  the  o9- 
spring:  the^  traita  often  showing  themselves  in  j)eculiant!ejj  of  maaniT  aod 
gesture,  in  tendencies  of  thought  or  feelings  in  pronene^  to  parti(*u]ar  am* 
strtutit>nal  disorders,  ett^.,  even  where  there  Is  no  personal  res^emblaoce,  and 
where  there  has  been  no  possibility  that  these  peculianLieij  should  liave  Wn 
gained  by  imitation*  And  even  when  they  are  overborne,  as  it  were,  in  the 
immediate  pn:igenv,  by  the  stronger  influence  derived  from  the  other  side, 
the  J  will  often  reappear  in  a  subsequent  generation  (as  In  the  cAse  just 
cited  \  constituting  the  phenomenon  known  as  Jitavmn, 

768.  The  influence  of  both  Parents  on  the  conjatitutlon  of  the  Olf^pring  k 
strikingly  manifested,  not  merely  in  the  admixture  of  their  characters  nor* 
mally  displayed  by  the  latter,  but  also  in  the  tendency  to  the  htrcdiUijj 
tranmnkuQu  of  perverted  modes  of  functional  activity  which  may  hiive  booi 
habitual  to  either.  The  diseases  which  are  usually  considered  to  l>e  mm% 
prone  thus  to  reappear  in  successive  generations,  are  Bcrofida,  Gout,  Syphilis, 
and  Insanity;  but  it  can  scarcely  be  doubted  that  many  others  might  he 
ad<led  to  this  list,'  The  uretl  is  position  may  have  been  mngcnital  on  the  part 
of  the  parents,  or  it  may  nave  been  acquired  by  themselves,  as  in  the  cn^se  of 
Epilejissy  transmitted  by  guinea-pigs  in  whom  the  sciatic  nerve  ha^  Wo 
divided,  to  their  young  [Eugene  Dupuy  has  found  that  guinea-pigs,  in  which 
the  cervical  Sympathetic  has  been  cut,  transmit  the  peculiar  changes  prrr- 
dnced  by  such  section j ;  and  in  no  case  is  this  more  otvious  than  In  the  in- 
fluence of  Alcoholic  excesses  an  the  part  of  one  or  both  parents,  in  priMluring 
Idiocy,  a  predisposition  to  Insanity,  or  weAkness  and  instability  of  Mind,  in 
the  ehihlren,  this  being  especially  the  case  where  both  parents  have  thm 
transgresi»ed.  Thus  nnt  of  359  fdiots^  the  condition  of  whose  progcnitoii 
could  be  ascertained,  it  was  found  that  no  fewer  than  99  were  the  rhildnsG 
of  ahsfilute  drunkards;  and  there  was  reason  to  believe  that  a  I'  iMir- 

tioii  of  the  parents  of  the  remainder  were  more  or  le^  intern  uly 

about  a  quarter  of  the  whole  number  of  idiots  having  been  found  to  b«  the 
children  of  parents  who  were  known  to  be  temperate/  And  it  is  perfectly 
well  known  to  those  who  are  conversant  with  Insanity,  that  of  all  the  **  prt- 
dt.*pirsing  causes"  of  that  disorder,  habits  of  intemperance  on  the  part  of 
either  or  both  parents  are  among  the  most  frequent. — The  intensint^igQ 
which  almost  any  kind  of  perversion  of  Nutrition  derives  from  being  coai* 
mt>n  to  hoik  parents,  is  nn-tst  remarkably  evinced  by  the  lamentable  resnlts 
which  too  frequently  accrue  from  the  marriage  of  individuals  nearly  related 
to  e-ach  other,  and  partaking  of  the  same  **  taint"  Such  results  must  haTe 
fallen  within  the  knowledge  of  almost  every  one  poasiessing  an  extended  field 
of  observation ;  hut  they  are  brought  out  with  fearful  vividness  by  the  un- 
erring test  of  properly-collected  Statistics  For  out  of  the  359  idiots  just 
referred  to,  17  were  kn^wn  to  have  been  the  children  of  parenti  Dearly  re- 

^  Une  of  tike  mrHtt  romjirkablft  cases  of  this  kind  known  to  the  Auih'^r,  t«  thiit  of 

two  Sliitc?r.'!,  who  st**m  to  re*emble  e«ch  otW  in  no  orii*  point  of  cm  f'  u  of 

tupntn)  eKitrneter  ;   bot  of  whuni  otje  In  "Ufa  m  mm\  filriktni:  r^»Miiibbiiic  -  itr- 

%o\%  Hfiil  in  mind,  to  her  F»it!iHr;  whikt  ttip  othi*r  no  iwf  strikinzH  r.  ,  ,  h.^r 
Muthyr,  Thu  only  p^ciiUurities  wb^eh  at  ttij  indiente  tboir  relHiior.  '  i^  ^r  .  -  ... 
dintbesis  which  tbey  bnth  inherit  from  iWir  r*lhyr,  »ind  nn  1tJi(myn..r;,.v  \u  r.-ftri  i.^ 
opium,  of  which  neither  is  ablo  to  tMk<»  even  a  nmaM  dom  [in  «nj  form  whAMnvJ 
withfiiit  rfmiiting. 

*  Sew  the  v»Try  intAri»*ting  %ni\  siiijijftstire  Chiipier,  On  Hereditary  OiiteAAe,  in  Sir 
H,  MoUiind*s  M(«dtcHl  Koti**  and  R**floctionf. 

■  St3t»  Dr,  Qowe'fi  Etip^rt  on  Idiocy  to  tbo  LegUbture  of  MussAcb metis,  19iS^ 
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lated  by  blood ;  and  this  rclations^hip  was  mspectcd  to  have  existed  in  several 
other  cases,  in  which  positive  information  could  not  be  obtained.  On  ex-> 
amining  into  the  history  of  the  17  families  to  which  these  individuals 
belonged,  it  was  found  that  they  had  consisted,  in  all,  of  95  children  ;  that 
of  these  no  fewer  than  44  wei'e  idiotic,  12  others  were  scrofulous  and  puny, 
1  was  deaf,  and  1  was  a  dwarf.  In  some  of  these  families,  all  the  children 
were  either  idiotic,  or  very  scrofulous  and  puny ;  in  one  family  of  8  chil- 
dren, 5  were  idiotic.^ — But  it  does  not  seem  requisite  for  the  production  of 
verv  imperfect  of&pring  from  the  intermarriage  of  near  relations,  that  any 
decided  "  taint"  should  exist  in  the  parents;  for  the  Author's  own  observa- 
tions and  inquiries  lead  him  to  conclude  that  the  same  danger  results  when 
there  is  any  strong  personal  or  mental  "  idiosyncrasy,"  such  as  is  often  seen 
to  run  through  the  members  (both  male  and  female)  of  a  particular  family, 
causing  them  to  be  at  once  recognized  as  belonging  to  it,  by  those  who  have 
been  familiar  with  other  members.'  This  liability  probably  does  not  exist 
to  nearly  the  same  degree,  where  the  parents,  although  nearly  related,  differ 
widely  in  physical  and  in  psychical  characters,  through  the  predominance  of 
elements  which  have  been  introduced  by  their  non-related  parents ;  as,  for 
example,  when  a  man  strongly  resembles  hhfaiher  rather  than  his  mother, 
marries  the  daughter  of  his  mother's  brother,  who,  on  her  part,  resembles 
her  own  mother  rather  than  the  father.  But  the  case  previously  cite<l  ( §  KM) 
gives  warning  that  even  here  the  "  family  idiosyncrasy"  may  exist  in  a  pow- 
erful degree,  though  in  a  latent  form,  and  may  seriously  affect  the  constitu- 
tion of  the  offspring.  It  is  (juite  as  common  to  meet  with  Atuvisni  in  the 
transmission  of  hereditary  disease,  as  in  the  reproduction  of  "family  like- 
ness." 


1  See  Dr.  Howe's  Report,  p  nO.  An  AbMrnctof  this  Report  is  given  in  the  Amer. 
Joiirn.  of  Mod.  Sci  ,  April,  1849. — The  f«>nowini^  works  may  also  bo  referred  to  as 
cuntttinin^  information  upon  the  importtint  yubjuet  of  the  effects  upon  the  otTsjiring 
of  marriages  of  con^an<;uinity:  M.  I)oudin  in  the  Annaled  d'Hygiene,  vol.  xviii,  pp. 
6-82,  who  observes  that  the  deaf  mutes  of  c'oniiiHnjj:uii)eous  origin  are  from  twelve  to 
Bfteen  tinie.«  as  numerous  as  they  would  be  if  the  infirmity  were  equally  distributed 
among  the  <»ftVprinjif  of  consanguineous  and  other  marriages ;  Dr.  Bemiss  in  tlu*  Jour- 
nal of  Psyrhologieal  Medicine  for  1857,  p.  308,  who  supplies  facts  and  arijumentu 
against  such  marriages;  Dr.  Mitchell  in  the  Edinb.  Med.  Journ.  f(»r  1802,  p.  872, 
who  oonifiders  idiocy  to  be  an  especially  frequent  consequence  of  the  marriage  of 
blood  relations,  and  agrees  with  M.  Boudin  in  regard  to  the  frequency  of  deaf 
mutism  in  the  offspring;  M.  Cadiot  in  the  Cnuiptes  Rendus,  vol.  ii,  18H;<,  p.  978; 
M.  Angelon  in  idem,  vol.  i,i864,  p.  160;  and  Dr.  E.  Daily  in  the  Antl)r(»|H)logi- 
chI  Review  for  Ma^',  1804.  Amonest  the  Editor's  own  immediate  rehitions  there 
have  been  five  marriages  between  first  cousins,  from  which  have  pr<)ce«'ded  thirty- 
three  children;  of  the^e  eight  have  died,  one  from  teething,  two  from  croup,  and 
one  from  hooping-cough  (all  injudiciously  fed),  one  from  ac(!ident,  one  from  cyanosis, 
and  two  from  well-marked  scrofulous  disease  ;  the  last  two  occurred  in  the  same 
family,  and  were  the  only  off^pring  of  an  extremely  «>bese  father  and  a  highly  scrofu- 
lous mother.  The  surviving  children  are  of  unusuiilly  healthy  and  fine  growth.  See 
also  a  Leader  in  Lancet,  1870.  vol  ii,  p.  8l>8.  Tlie  Editor,  therefore,  from  tlie«je  and 
other  observations,  fully  accords  with  the  observations  of  Dr.  G.  W .  Childs  in  the 
Medico  Chir.  Review  for  18G2,  vol.  i,  p,  401,  who,  in  criticizing  Dr.  Bemis>*s  Essay, 
remarks  that  the  marriages  of  blood  relations  have  no  tendency,  per  «/•,  to  produce 
d<>generation  of  race,  though  th<*y  have  a  tendency  to  strengthen  and  develop  in  the 
offspring  individuHl  peculiarities  of  the  parents,  both  mental  and  physical,  whether 
morbid  or  otherwise. 

'  A  m<»st  lamentable  instance  of  this  kind,  which  happened  some  years  aijo  in  a 
family  well  known  to  the  Author,  was  the  occiisi«in  of  his  first  <Iirecting  his  attention 
specially  to  this  point.  Two  first  cousins,  possessing  a  strong  •*  family  idiosynera«'y," 
but  no  definite  •*  taint,"  having  married,  four  children  were  born,  each  of  which  was 
distinguished  by  some  marked  di'fect  of  organizution  or  perversion  of  function,  one 
being  deaf  and  dumb,  another  scrofulous,  a  third  idiotic,  and  a  fourth  epileptic. 
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769.  Attention  has  recently  been  directed  (o  a  very  curious  cisaa  of  phe- 
nomena, which  fefhow  that  where  the  mother  has  previously  borne  offitpriii^, 
the  influence  of  iU  father  may  be  impressed  on  her  progeny  aHerwarai^  be- 
gotten by  a  different  parent:  as  in  the  well-known  case  of  ihe  iraimnjk:<(ie){i 
of  Quag^j^a- marks  to  a  succession  of  colts,  both  of  whose  parents  wert^  of  the 
species  Hor!?e,  the  mare  having  been  once  impregnated  by  a  Quaggm  male;* 
and  in  the  not  iitifrei|nent  occurrence  of  a  similar  phenomenon  in  t»t3  HuajaB 
species,  m  when  a  widow  who  marries  a  second  time,  bears  chihirt'n  strongly 
resembling  her  first  husband.  Some  of  these  cases  appear  refembb  t*j  the 
Btrong  mental  impres.*ion  left  by  the  first  male  parent  upon  the  female;  but 
there  are  otben^  which  seem  to  render  it  more  likely  that  the  blotjd  of  the 
female  hm  imbibed  from  that  of  the  fietus,  through  tbe  placental  rirculatioii, 
some  of  the  attributes  which  the  latter  has  derived  from  it^  raule  |Jttrt*nl; 
and  that  the  female  may  communicate  theiie,  with  those  proper  to  bcrschVto 
the  subsequent  offj^pring  of  a  diff*erent  male  parentage.* — This  idea  is  lk>rae 
out  by  a  great  number  of  important  facts;  and  it  serves  to  explain  the  dr- 
ciunstance  well  known  to  practitioners^  that  secondary  styphilis  will  iif\m 
appear  io  a  female  during  gestation  or  after  parturition,' who  has  never  had 
primary  symptoms,  whilst  the  father  of  the  child  shows  no  recent  syphiiitie 
disorder.  '  For  if  he  have  communicated  a  syphilitic  taint  to  the  feet  us,  the 
mother  may  become  inoculated  with  it  through  her  oftspring,  in  the  manner 
just  describeii  As  this  is  a  point  of  great  practical  im|>ortance,  it  mav  be 
"hoped  that  iht^se  who  have  the  opportunity  of  brbgbg  observaiioa  to  tcM 
upon  it,  will  not  omit  to  do  so. 

770.  There  seems  good  reason  to  believe,  moreover,  that  the  aitribules  of 
the  Germ  are  in  a  great  degree  dependent,  not  merely  upon  the  fmbitwil 
conditions  of  the  Parents  which  have  furnished  its  original  compooeiils,  bat 
even  upon  the  condition  in  which  those  parents  may  be  at  the  time  of  se^nai 
congre^.  Of  this  we  have  a  remarkaole  proof  in  the  [ihenomenon  well 
known  to  breeders  of  animals,  that  a  strong  mental  impression  made  upon 
the  fenmle  by  a  particular  male,  will  give  the  offspring  a  resemblance  to 
bins,  even  though  she  has  had  no  sexual  intercourse  with  him  ;*  a  circuiH' 
Btauce  for  which  there  is  no  difficulty  in  accounting,  on  the  hyfMnhesis  al- 
ready put  ftu-th  regarding  the  dynamical  relation  of  mental  states  to  the 
Organic  processes  fcbap.  xvii).  And  there  is  no  improbability,  therefore,  io 
the  idea  that  the  offspring  of  parents  ordinarily  healthy  and  t^tii{>enite,  but 
bc^gotten  in  a  fit  of  intoxication  on  both  sides,  would  be  likely  to  gnfler  per- 
manently fr^»m  the  abrogation  of  the  n*ason,  which  they  have  temjwrarily 
brought  upon  themselves.* — On  the  whole^  then,  we  seem  entitled  to  con- 
el  ude^  that  the  attributes  of  the  embryo  will  be  inffueneed  in  a  most  \m* 
portant  degree  by  the  entire  condition  (as  relates  both  to  the  organic  and 
the  psychical  life)  of  both  parents  at  the  time  of  the  sexual  congress  ;  and  it 
is  probably  on  account  of  the  jn^rpetual  changes  taking  place  in  the  btMiily 
and  mental  state  of  each  individual  (his  condition  at  any  one  time  being  the 
general  resultant  of  all  tha^e  changeii)^  that  we  almost  conauintly  witneii 
marked  differences  between  children  born  at  suceesi^ive  intervals,  however 
strong  may  be  the  *' family  likene,sa**  among  them;  whilst  the  resemblance 
between  twins  is  almost  invariably  much  closer* 
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>  Philoaijphieal  Tfttiv^MCtinns.  18*21. 

*  Bee  in  interGstiog  dUM]«.*hin  of  thi§  quettlon,  by  Dr.  Alex.  HarveTjiti  iho  EdinK 
Mutithly  Journ.sUrL  1SI9,  and  Oct.  and  Nov  fSoO;  iind  in  hii  pnmphlet,  Un  1 
Ri'tiiHrkuhlii  E1T**vl  of  Crus**brecxling,  Edinb.,  186L 

*  Sfm  Hiirv(*y,  loc.  eh. 

*  SrMi  Ik  eii^  of  this  kind  related  by  Mr.  G.  Ci»tiibe»  in  tbo  Flirenologieal  tlnivniiklf 
vol  vin,  p.  471. 

'  Where  iwint  ars  very  unlike  oa#  another,  it  will  a^u&lfy  he  found  tlist  tli«db* 
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77L  Wben  it  is  borne  iu  mind  ibat  during  the  entire  period  of  gesUition, 
the  Knibr^^o  is  deriving  its  nutriment  exolu?ivcly  fmm  the  blood  of  the 
Mother,  and  that  the  condition  of  this  fluid  in  relftticju  to  her  own  processes 
of  Nutrition  and  Secretiou,  is  subject  to  a  very  marked  iuflueuce  froui  her 
own  mental  states  (chap,  xvii),  it  cannot  fairly  be  thought  improbablej  that 
the  developmental  processes  of  the  Embryo  should  be  powerfully  affected 
by  S5troiig  Emotional  excitement  on  her  part  Among  the  facts  of  thl^  class, 
there  i^,  perhap^^  none  more  striking  than  that  fpitjted  by  Dr.  A.  Combe* 
from  Baron  F*ercy,  a?!  having  occurred  after  the  siej^e  of  Landau  in  1793. 
Iu  addition  to  a  violent  cannonading,  which  kept  the  womeo  for  some  time 
in  a  coD«;taot  state  of  aiarm,  the  atTseual  blew  up  with  a  terrific  explosion^ 
which  few  could  hear  with  un:^hakeu  nerves.  Out  of  92  children  born  in 
that  district  within  a  few  months  afterwards,  Baron  Percy  states  that  16 
died  at  the  instant  of  birth  :  33  languished  for  from  eight  to  ten  months, 
and  then  died  ;  S  became  idiotic,  and  died  before  the  age  of  five  years;  and 
2  came  into  the  world  with  numeroua  fractures  of  the  bones  of  the  limbs, 
probably  mn^d  by  irregular  uterine  contractions.  Her©  then  is  a  total  of 
59  children  out  of  92,  or  within  a  trifle  of  2  out  of  every  3,  actually  killed 
through  the  me^Utim  of  the  Mother's  alarm,  and  the  naliiral  consequences 
upon  her  own  orgrtni/.ation  ;  an  experiment  ( for  ^ucb  it  is  to  the  Physiob>gist) 
upon  too  large  a  scale  for  its  results  to  be  set  down  as  mere  "coincidences/*— 
No  .^oundiy  judging  Physiologist  of  the  present  day  is  likely  to  fall  into  the 
popular  error  of  suppoj^iug  that  '*  marks"  upon  the  Infant  arc  to  be  referred 
to  some  tramieut  though  strong  impression  upon  the  imagination  of  the 
Mi>ther;  but  there  apfiear  to  be  a  sufficient  number  of  fact^  on  record,  to 
pTuve  that  hibiiiial  mental  conditions  on  ihe  part  of  the  Mother  vmy  have 
influence  enough,  at  an  early  period  of  gestation,  to  produce  evident  bodily 
deformity,  or  peculiar  tendencies  of  the  mind  (§  726).  The  error  of  the 
vulgar  notion  on  this  subject^  Iit^  in  supposing  that  a  sudden  f right,  ^perdUy 
forgotten^  can  exert  such  a  ccmtinual  influence  on  the  nutrition  of  the  Em- 
bryo, as  to  occasion  any  personal  peculiarity/  The  view  here  stated,  is  one 
which  ought  to  have  great  weight,  in  making  manifest  the  importance  of 
careful  management  of  the  health  of  the  Mother,  both  corptireal  and  meiitaU 
during  the  period  of  pregnancy  \  since  the  ultimate  constitution  of  the  off- 
spring m  much  depends  upon  the  influences  then  operating  upon  its  most 
impressibk  structure, 

4.  DevchpmeiU  o/  the  Enibrtfo, 

772.  The  history  of  the  evolution  of  the  Germ,  from  its  first  appearance 
as  a  alngie  cW/  lying  in  the  midst  of  the  yolk,  to  the  time  when  it  presents 
the  form  and  structure  characteristic  of  it^  parent  species,  and  is  capable  of 
maintaining  an  independent  existence — including  the  details  of  the  progre»- 
Bive  development  of  each  separate  organ,  from  its  first  appearance  as  an 


drnilnrity  U  due  to  the  predomirmfn^e  of  Ihe  ehufflcltfra  «f  the  frtlhor  in  one,  and  of 
tho«e  of  ihe  mother  in  ihe  other ;  ha  in  the  case  of  th*j  Poipler  und  Setter  previautiv 
dtfHl(|7fl7). 

1  Uii  the  Mftriflj^em^nt  of  lTjfiitJC5%  p*  76* 

}  For  foine  VHhmble  obi^frvatkina  un  iliie  subject,  Bee  Montgomery,  On  the  Si^n» 
of  Pregnancy. — ^Numer^us  CH5je»  were  n^t'orded  a  few  years  sirir*  (estpptinUy  in  ihe 
Latieet  And  Frovincinl  Medlcnl  Jtujrnal)  in  which  niHlformMLinn^v  in-  the  lnf»int  ap- 
peared distinctly  truceable  lu  strong  impre^-Hiims  nmde  on  ihi^  niind  of  the  Mttlhpr 
RitDe  monlhs  pfevioit*ly  to  pHFUirition  ;  these  Jmpr*'*ffon3  hHviog  Keen  per? j stent 
during  the  remnining  peru)d  of  pF*^^niintT^  ntid  i^iving  rise  to  a  full  especlation  ta 
the  part  of  the  Molher  th»t  the  chiUt  w^Hild  be  liflfi'oted  in  the  punituliir  manner 
whk'h  actuwlly  occurred.  Uf  i>tie  very  Mrikinff  ea>e  of  this  kind,  the  Author  h  per- 
eonallj  cvgnimDlj  it  having  occurred  in  the  fatniLy  of  a  near  connection  of  bis  own. 
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aggregation  of  simple  cells  formed  by  the  duplicative  suVMJivi-^ioD  oft 
primordial  vesicle,  to  that  i^tage  of  completene^  in  which  it  i^  able  to  bt-ar 
a  part  m  the  vital  eecjiiorny  of  the  new  beiug — and  embraciog,  also,  the  mL> 
ee^sioD  of  changes  in  "the  provisions  for  the  nutrition  of  the  embryo  in  the 
successive  phases  of  its  existence,  and  the  adaptations  of  its  general  nrgiin* 
iaatiou  to  each  respectively — constitutes  one  of  the  most  interesting  drpart* 
meut.*?  of  Phyaitilogical  Science,  and  one  which  has  of  late  years  received  a 
peculiar  degree  of  atteotion*  It  is  a  branch  of  the  inquiry,  however,  which 
has,  and  seem^  likely  to  have,  less  pradiml  bearing  than  any  other;  for 
ueither  m  regards  the  preservation  of  tl*e  bf»dy  in  liealth,  nor  itn  restomtion 
from  di^ase,  k  h  easy  to  see  what  direct  benefit  the  most  exact  knowN 
edge  of  Embryonic  Development  is  likely  to  afiTord.  The  chief  subject  oo 
which  it  throws  light,  is  that  of  Gmgenital  Malformations  and  DcHcicncie§; 
many  of  which  are  now  distinctly  tmeeable  to  arred  or  irregniaritff  of  the 
developmental  processes;  some  of  them,  indeed,  to  erce^i  (§  ;J57).  For  the** 
reasons,  the  topic  Ijeforc  us  will  be  pas^d  over  much  more  lij^htly  in  tbe 
present  Treatise,  than  lu  scientific  impoitance  might  seem  to  demand  :  and 
all  that  wil!  be  here  attempted,  will  be  a  mer*;  b^ketuh  of  the  moilc  in  which 
the  evolution  of  the  germ  takes  place,  this  being  followed  in  the  first  instance 
as  a  whole,  whilst  its  principal  organs  will  be  afterwards  sermrately  con- 
sidered as  they  successively  priesent  themselves. — Thitj  sketch,  however,  will 
serve  to  convey  an  idea  of  the  nature  of  the  process,  and  to  illustrate  its 
conformity  in  Man  to  that  great  law  of  progress  }>o»»  the  ^nicrai  io  the  ap€idal^ 
which  is  equally  manifested  in  the  development  of  every  other  orgnuited 
being, 

773,  When  we  first  di*M?em  tbe  primordial  cell  which  is  to  evolve  itadf 
into  the  Animal  organism,  we  can  trace  nothing  that  essentially  distingni^Uas 
it  frojn  that  which  might  give  origin  to  auif  other  form  of  organic  strocture; 
its  condition,  in  fact,  lieing  alike  in  ail,  and  permanently  represente<l  by  the 
humblest  sitigle-celled  Plants  and  Animals.  The  earlier  stage  ol'  it^  de- 
velopment consists  in  simple  multiplication  by  '*  duplicative  snbdivifiion''tif 
its  eontentSj  so  that  a  mass  of  celldike  bodies  comes  to  l>e  produceij,  amid^d 
the  several  components  of  which  no  diiiereuce  can  be  traced  ;  and  this  al^ 
finds  its  parallel  among  the  simpler  organisms  of  both  kingdoms.  Socm, 
however,  this  homoijenmm  condition  gives  rise  to  a  hetermjttw&tis  one;  the 
further  elianges  which  different  parts  of  this  mass  undergo,  not  lieing  of  the 
same  uniform  character,  so  tliat  a  marking  out  of  ortjam,  or  iustmttientil 
parts  adapted  for  difterent  purposes  in  the  economy,  comes  to  tie  discenuhltLj 
A  marked  divergence  occurs,  however,  at  a  very  early  ]>eriod,  according  t^ 
whether  the  whole  con  tents  of  the  ovum  undergo  Ragmen  tat  I  on,  and  are 
directly  converted  into  the  growing  embryo,  or  whether  only  a  portion  is  thus 
segmeijted,  the  remainder  forming  a  bag  over  which  vessels  are  devcloi»c<l, 
eiieeting  the  absorption  of  its  contetlts,  and  thus  enabling  it  indirect  I  v  to 
participate  in  the  proce&s  of  development.  Animals  in  which  the  former 
arrangeajent  holds  are  termed  holobkstic,  and  are  represented  by  MammAb 
generally,  Batraehia  and  Cyclostomata  amongst  the  Vert eb rata,  and  by  ttw 
siaipler  forms  of  Crnstacca  and  Arachnida,  the  Annelida,  lower  MoMimci^ 
Entozoa,  and  Radiata  amongst  the  Invertebrata.  The  animals  in  which  the 
latter  arrangenient  hohls  are  termed  meroblastiCjand  are  represeiUed  by  lh« 
Monotremata*  Birds,  scaly  Amphibia,  Plagiostonjous  and  Telecjigitean  fi«he« 
amongst  the  Vertebrata,  and  by  the  higher  orders  of  Cnistatva  and  Aracb- 
uida,  and  by  Cephalopotht  amongst  the  In  vertebrata.  In  the  fowl,  acci»rd* 
ing  to  His  Hoc,  cit,,  p.  3D),  the  whole  of  the  nervoug  system,  the  whole  of^J 
the  muscular  system  (both  striated  and  unstriated),  tbe  true  epithelial  struc^^^H 
tur^^  and  the  glands  procecil  from  the  dcvelopiueiit  of  the  morphological       il 
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elenaeiits  of  the  cieati-ieula,  whikt  the  blood  and  the  connective  tissues  pro- 
ceefi  from  the  go-culled  while  yolk.  The  orgauj*  whose  distinctness  first 
becomes  appareu I,  are  not  (for  the  most  part)  thosti  which  we  trace  in  the 
completed  structure,  but  have  a  merely  temporary  character;  being  evolved 
either  as  a  stirt  of  pcatfolding  or  framework  for  the  building  op  of  the  more 
[>ermanent  part^?,  or  with  a  view  to  the  nutrition  of  the  embryo  during  the 
evolution  of  these.  Although  the  first  indications  of  heterogeneouaneaa  in 
the  general  ma^  are  of  nearly  the  same  kind  in  all  animalss— consi^^tinpr  in 
the  formation  of  a  bladodermtc  jaemhrane  (compostjd,  however,  of  nothing 
else  than  layera  of  celb)  upon  its  exterior^  which  serves  a^  a  sort  of  tempo- 
rary stomach,  whilst  a  large  part  of  the  included  mass  undergoes  liquefac- 
tion, and  serves  as  the  nutrient  material  for  the  tissues  which  are  to  be 
evolved  from  it— yet  indications  are  very  speedily  manifested  of  the prtmary 
division  of  tlie  Animal  kingdom  of  which  the  new  being  is  a  member;  thus, 
in  the  case  of  the  Human  embryo,  as  of  that  of  all  Vertebrated  animals,  the 
first  outline  of  the  permanent  organimtion  is  shown  in  the  **  primitive 
trace"  which  marks  out  the  line  of  the  vertebral  column  (Plate  II,  Fig, 
11) ;  and  in  this  we  very  soou  discern  the  foundations  of  the  separate  verte- 
brae (Fig*  12,  c).  But  there  is  nothing  at  this  period  to  distinguish  the  germ 
of  Man  from  that  of  any  other  Vertebrated  animal,  this  early  part  of  the 
developmental  proce^is  being  carried  on  upon  the  same  plan  in  every  member 
of  thai  subkingdgm  ;  aud  it  is  not  until  we  meet  with  indicatious  of  one  of 
the  plans  which  are  peculiar  U)  the  ra^pcctive  cla^ssej  of  that  subkingdom, 
that  w^e  can  discover  whether  the  germ  in  course  of  evolution  h  to  become 
a  Mammal,  Bin!,  Reptile,  or  Fi.sh,  So,  even  when  it  ha.-^  been  recognised  as 
belonging  to  the  Mammalian  clam,  there  is  at  Unit  nothing  to  distinguish  It 
from  that  of  any  other  Mammal ;  aud  it  is  only  with  the  advance  of  the 
developmental  process  that  indications  successively  present  themselves*,  which 
enable  ua  to  distinguish,  one  after  another,  the  charartem  of  the  order,  the 
family,  the  genoi*,  the  spec ies,  the  variety,  the  sex,  and  the  individual— ^^e 
mare  i^pecial  features  progre^iveitf  evolving  tkem^ehes  out  of  the  more  gcnerai^ 
which  is  the  expression  of  the  law  of  development  common  to  all  Organized 

774  With  this  progressive  alteration  in  the  condition  of  the  embryo  itself, 
Every  remarkable  scries  of  alterations  is  proceeding,  pari  p^imut  in  the  mode 
in  which  it  is  supplied  with  nutrient  material,  and'iu  the  provisions  for  the 
aeration  of  its  circulating  fluid. — The  first  evolution  of  the  germ  taket^  place 
entirely  at  the  expense  of  the  j/o^^:  of  which,  however,  the  store  contained 
in  the  Mammalian  ovum  is  very  sraalL  The  whole  of  this  is  very  sijeedily 
incorporated  in  the  substance  of  the  germ^  by  the  peculiar  proce-^  to  be 
presently  described  ;  and  there  is  no  residual  stc^e  of  "  food^yolk,*'  such  m 
that  which,  in  the  Bird,  serves  for  the  nutrition  of  the  embryo  during  the 
whole  remainder  of  the  developmental  process,  by  being  gradually  absorbed 
into  the  substance  of  the  blast tMlcrmic  membrane,  and  there  converted  into 
blood.  The  Mammalian  ovum,  however,  from  the  time  it  reaches  the 
Uterus,  is  furuished  with  a  new  supply  of  nouri.shment,  in  the  fluid  secreted 
by  the  Decidual  membrane ;  and  for  the  absorption  of  this,  it  is  particularly 
adapted  by  the  villosities  which  develop  themselves  trom  its  own  external 
envelope.  These,  at  first  entirely  destitute  of  bloodvessels,  are  subsequently 
penetrated  at  a  certain  part  of  the  surtace,  by  the  iietal  capillaries  brought 
to  them  by  an  organ,  the  AlkmtoU,  which  is  develops!  In  Birds  as  the  tem- 
porary instrument  of  respiration  ;  and  thus  is  originated  th&fcelat  portion  of 
the  Placenta,  of  whose  formation  an  account  has  already  been  given  (§§  7o3- 
755),  From  the  time  that  this  organ  is  completed,  up  to  the  birth  of  the 
Infant,  the  embryo  draws  its  nutrleot  materials  direct  from  the  maternal 
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Wood,  thougli  not  receiviDg  that  blood  an  mch  into  Its  owd  orgHDkm  :  andnF] 
is  through  the  same  inediiim  that  the  aemtiou  of  ifci  own  blootl  k  efli?cl«?cl,  I 
ita  pulmonary  apparatus  \mn^  ajs  yet  inoperative.     Its  circuIatiDg  ^r^um^ 
arranged  in  accordance  with  the^  requirements^  presents  many  peculiariUM  j 
which  mark  its  foetal  character;  and  the  alteration  in  the  ecKirse  of  tbfi 
blood,  which  takes  place  as  soon  ns  the  respiratory  organs  eoroe  into  play,] 
constitutes  the  essential  difference  between  iutra-uterine  aud  extra- uti^rtn^  ' 
life.     If,  as  sometimes  bappens,  the  lungs  of  the  newborn  infant  expand  but 
imperfectly  or  scarcely  at  all^  the  circulation  continues  to  be  carried  on  in  a 
greater  or  less  degree,  upon  its  intra- uterine  plan ;  and  this,  when  the  pla- 
centa is  no  longer  capable  of  supplying  the  needed  aeration,  is  incompatible 
with  the  persistence  of  life, 

7 7 ♦J.  The  early  stages  of  the  development  of  the  Embryo  in  Vertebrata 
are  much  better  known  in  the  Bird  than  the  Mammal^  on  account  of  the 
facilities  that  the  eg^  of  these  animals  oifer  for  examination,  and  it  will  be 
expedient,  therefore,  to  describe  the  course  of  events  in  them  :  noting  the 
principal  diflerences  that  have  been  observed  in  the  proems  as  it  occurs  in 
the  higher  class.'     A  newly-laid  hen's  egg  is  corajjosed  of  a  shell  (Pig,  324, 
$\  comiK)sed  of  an  organic  basis  Impregnated  with  calcic  salts,  and  perfo- 
rated by  vertical  canals,  through  whicli  an  interchange  of  ga?*es  can  take] 
place.     The  shell  is  lined  by  two  layers  of  membrane  (Fig»  324,  mn,  Um)^\ 
which  early  separate  frrvm  each  other  at  the  broad   end  to  form  the  aSr-j 
chamber.     Beneath  the  shell -membrane  is  the  white  of  the  ^^g^  or  albumen 
{Pig,  324,  w)]  and  stretching  fnun  near  the  two  extremities  of  the  egg  to 
the  opjKjsite  nurfaces  of  the  yolk,  are  two  twisted  pi>rtions  of  rather  firmer 
albumen,  termed  the  chahmr  (rh,  e),  which  perhaps  serve  to  keep  the  y*ilk 
in  petition.     The  yolk  is  inclosed  in  the  viielline.  memhrane  (vt)^  and  by  far  < 
the  largest  portion  of  it  k  composed  of  i/eilow  ijofk  (yy)  which  txmsisi^  of  j 
sphcrcHi,  never  containing  a  nucleus,  but  filled  with  minute,  highly  retractile 
g  ra  n  u  1  es,    Th  o  y  e  1 1  o  w  y  ol  k  i  s  su  r r on  n  d  ed  by  a  t  h  i  n  1  aye  r  f j  f  a  I  i  g  h  ter-ct*  I  *>n^i 
yolk,  the  ivhite  jffdk  (icy),  which,  dipping  into  it  at  one  point,  ibrms  a  fla^-^k- 
shaped  ma^s  in  its  interior.    The  white  yolk  also  forms  a  series  of  concentrie 
layers  (hahnes)  in  the  stihstance  of  the  yellow  yolk*     It  k  ciimpo*»ed  of 
aphcrulee,  for  the  most  part  smaller  than  those  of  the  yellow  yolk»  with  a 
highly  refractive  nucleus-like  body  in  the  iulerior  of  each,  aod  of  lar^gtr 


1  In  the  foUawinf  Account,  Foptpr  «nd    Bii1foiir'«  Eiement*  of  Embrytilfj^v  but  i 
be^n  tski^n  m  n  g:u)do,  ntid  to  ibia  osoHtt^nt  work  tlio  student  i»  r«!ferriH]  far  li^'tAtk 
Ihfiit  CO ns^idc rations  of  spacct  prfclude  from  Wm^  hero  msr-riod ;  bui  *>iK<?r  wt»rk»  »iid 
rejgprtrchw  whieb  ifiwy  be  stiidi**d  «pc*  thusR  of  Rnthke,  On  the  D**vp|oprm'iit  of  tti* 
Snnke,  lS3ft,  nfid  of  the  Tiirloi*(\  1^48;  of  KSliikt^r  (>fiiVlor*3  Arrhiv,  IMS,  p.  e8> 
«nd    Ua^g<?  (Di»    Evolut.  tjirungyli  tst  AK^Hrid  ♦  DU*.   Irmuiq:.,  1841)  an  th*t  ovn  vt  \ 
J'JnfoZfift  ;  KoJIikyr'*  Entwickt^Iung^^fsi'hichie  ite*  M^nM'hen,  1861  ;  ehost?  of  v.  B^er, 
On  the  DovelojiiTjent  of  the  FUh,  1835  ;  lb<i>*p  of  Mr  Newport  (Phik*s   Tmn^iiLt, 
I8.il)  nnd    Du^fea  f  Recherchoa  sur  les   BtUr»eii>rvii,   1835|  on  tht>  oth  of  BnfmfAm; 
lbi»fi*>  of  Bisi'hoff  ( Ef)twii?keUin^|i^(^(<hiohUt  di^**  Htind<a9-i*i**A,  1845i  on  tht*  ovu  of  the 
Blfeh  ;  tbopt*  of  Renmk  on  thi3  Vertebrwtu  lUnter^uL-h.  3hi\f  di^  Kntwickf-I.  di>i  Wir- 
bi'lilocrtj,  B**rlin,  IS'i^) ;  of  Rek^Wrt  on   ihtJ   Gionea-pi^  |ttiMirftg**    *or  Entwvcb^- 
hmgpgoschichto  dee  Mei^rsthwoinchenp)^  Montitsbent'lil  d,  Akud.    Bvrlin,   i8<*>0i    of] 
Ij^m^knrt,  contained  in  Wu^ri<*r'»  Hioidworterbuub'der  Physi«logU\  nri-  Zjitiuuii^;  i 
of  Alien  TbQio*onT  in  the  art.  Uvimi,  in  ihu  ^upplemenurj  vohntit*  lo  TiKld^s  CycWp,  | 
of  Aniit4>my  tind  Phyhiology,  18y9;  of  Iltixbty^  in  tht*  Crofinmn   Letttirc  for  185^, 
and  in  bis  Lecturer  on  the  Kleni**nL?  of  Compjirrttive  Annti^niT,  18*S4  ;  trf  O^i*^  fill** 
loir**  U^ndr,  el  Fartit*.  du  D^Vflopppuicni  de-*  Corps  Orijrtnj»i^,  18l7-18rii:#i  ;    of  F(*ft* 
der,  Boitrag^o  zur  Entwiek.  d,  Ilulmi'ben'? ;  of  Hi^,  ITntcr^uchnrii^rn  ubt-r  di<*  <Lf»|^ 
Anliige  dp*  Wirb^llliierlHb***,  Lf-ipzicj^  18*)8;  of  v*  B^nedon^  Ri-ohi'i-cb***  mir  1«  r«»m- 
pofeltuin  et  l«  nipniflcation  de  TCEuf,  18"0i  of  Oe>tHcber»  8cbuHw*'s  Archit  f,  mic, 
Aniii.}  Bd.  viiL  1872;  Guetbe,  On  ihe  Dftvolopmeni  of  tb«  Bombinot4>r  ij^iu'iu,  16T5« 
And  of  Prtrker's  vanoua  pftpcr^,  On  the  DcTelopment  of  the  SkutI,  in  Pbi1of^>pliii'Al 
TrunsQctiona^ 
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spheres,  each  of  which  contains  a  number  of  spherules  similar  to  the  smaller 

2»herule8;  it  presents  also  some  vacuoles  in  the  region  of  the  cicatricula. 
t  the  point  where  the  white  yolk  dips  into  the  yellow  yolk  is  a  depression, 
which  18  occupied  by  a  small  white  disk,  about  the  sixth  of  an  inch  in  di- 
ameter, termed  the  hUuioderm  or  cicairicula  {hi).  The  disk  is  always, upper- 
meet  when  the  egg  is  opened  from  the  side,  in  consequence  of  the  lighter 
specific  gravity  of  this  part  of  the  vitellus.     A  typical  cicatricula  presents 

Fin.  824. 


M-?* 


Diagrmmnifttic  SecUon  of  an  Unincubatrd  Fowl's  Kg^:  hi,  blastoderm;  try,  white  yolk.  This  con- 
tlfts  of  a  central  flask -nhaped  mass  and  a  number  of  layers  concentrically  arranged  al^und  this;  ^, 
yellow  yolk;  v/,  vitelline  membrane;  x,  layer  of  more  fluid  albumen  immediately  surrounding  the 
yolk  ;  tp,  albumen,  consbting  of  alternate  denser  and  more  fluid  layers;  rA/,  chalaza;  ach,  air-chamber 
at  the  broad  end  of  tlie  egg.  This  chamlier  is  merely  a  space  left  between  the  two  layera  of  the  shell- 
membrane.    <m,  internal  layer  of  shell-membrane ;  rm,  external  layer  of  shell-membrane;  «,  shell. 

an  outer  white  rim,  or  area  opaca,  a  circular  transparent  area,  or  area  pel- 
lucida^  and  a  more  or  less  well-marked  ceutral  opacity.  The  area  opaca  aud 
central  opacity  appear  to  be  due  to  the  disposition  of  the  white  yolk  beneath 
the  blastoderm,  wnilst  in  the  part  correspond iug  to  the  area  pellucida,  the 
blastoderm  is  separated  from  the  white  yolk  by  a  space,  filled  with  a  little 
fluid.  Imbeddeu  in  the  protoplasm  of  the  germinal  di^^k  is  a  globular  or 
ellipsoidal  highly  refractile  body,  termed  the  germinal  vesicle;  in  the  interior 
of  which,  again,  is  a  small  body,  the  germinal  spot 

11^.  Before  being  laid,  and  at  about  the  time  when  the  shell  is  being 
formed  around  the  egg,  the  cicatricula  or  germinal  disk  undergoes  a  remark- 
able process,  termed  segmentation.  This  commences  with  the  formation  of  a 
furrow,  which  is  quickly  crossed  by  another  at  right  angles,  and  soon  by 
others  (Fig.  325).  The  examination  of  hardened  specimens  shows  that  the 
segmentation  is  not  confined  to  the  surface,  but  extends  through  the  mass  of 
the  blastoderm,  and  that  it  takes  place  not  only  by  vertical  but  by  horizon- 
tal furrows,  that  is,  by  furrows  parallel  to  the  surface  of  the  disk.  The 
original  germinal  disk  is  thus  broken  up  into  a  number  of  small  masses  of 
protoplasm,  which  are  smallest  iu  the  centre  of  the  disk,  and  ujwn  the  sur- 
&ce;  the  smaller  size  of  the  superficial  layer  foreshadowing  the  subsequent 
division  of  the  blastoderm  into  two  layers.  The  disk  having  undergone 
segmentation  becomes  separated  from  the  white  yolk,  on  which  it  has  hitherto 
b^  lying*  by  a  space  containing  fluid,  termed  the  segmentation  cavity  (see 
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Fig.  327 )»  and  with  tlib  a  tUstinution  becomes  apparent  between  the  up 
and  lower  layers  of  the  segmentation  masses.     Those  of  the  upper  or  ^upif^l 
ficiiil  series  a^umiug  a  columnar  form,  and  prawntinj^  well-defined  nurlei^ 
arrange  themselves  side  by  side,  and  coustilute  a  kind  of  membraoe  (Fig. 


A  rppf^nentn  tin*  cRrll<'3<  AUi?e,    Tht*  flrsl  fur  row,  i,,  baa  Wiuniii  I**  iii|ik«  ItM  •f^^mrftlice  lu  lli«< 

furrow  nearly  At  ri^Ht  dDglia  to  ii  hojs  u|i|ii'Eirt<cl.  Tb«  dlak  thuj  hecotuea  dtvMifd  3<»in«vb»t  lnv>grQ|KHf 
Into  qu»(lrnnlfl  by  four  (tintri  furrowa.  In  a  1«it«r  «t«f«'  (€7)  tli<^  tiiPritll&D  Turrowa  (Aj  faftrfS  liicrcuc^  la 
nii»fili«r  fmm  ruiir,  o-t  In  B,  tu  nine,  und  cro>«  fiirruw»  bivi"  alno  iiiidc  their  AppvirtniL^.  Thr  disk  k 
thiiacut  up  itita  small  erutml  <r)^at)d  lurKcrr  peripheral  (c/»  sc^mt'tild.  HtiTefiJl  new  cnwi  fum»»i  Ut 
seen  ju3t  begliinirift  db  ^3L.  gr.  elofte  to  llie  viid  of  lliir  litm  uf  refereiiL^  (if), 

326,  a) ;  whilst  those  of  the  lower  series  remain  larger  (fi),  lia\'e  no  Qucletl^ 
or  only  an  indistinct  one,  and  form  rather  a  elose  irregular  netm*ork  than  a 
distinct  membrane.  A  few  of  the  cells  uf  thi^^  layer,  constituting  the  so-called 
formative  ee/is  (bd^  Fig*  327)  becoming  detached,  fall  to  the  bottom  of  the 
segmentation  cavity,  and  rest  on  the  white  yolk.   This  is  the  usual  condition 


Fia.  3i6. 


«     ^ 


auction  «f  this  G«rmlciiU  Dink  i^f  »  Fo*1  during  the  1»t«r  BMg»  of  Segmentallon,  Tiie  mtlUmt  ^IlkK 
nprtfsentA  ratlHT  more  IhAD  liAJf  ihi^  brvadth  of  tlie  tilu-liidiirin  (the  mtddte  Uttn  ticliif  ai  i\  atiovt  tJbci 
th^i  np|>er  sad  ciiutrnl  fNirtf  of  ihv  dUk  ftrgnieut  lkftt«r  Uiiin  ibtMMi  b«l«««  filid  «!  lb«  ivrlplipi^.  In  tlitt 
luMinritj  of  ffdgtnriitB  »  iiucii^uR  cun  bo  wcd^  Ktid  o>tie  b  pr^Mblf  pffjMOt  |p  all,  Tbo  MKniw».U  c^nUlm 
■  uurntfci-  ur  hifthlf  n^fr&ctlu^  sptifruU'A.  In  the  central  part  of  the  btwlodonii  the  llpp«t  r«a«  bA^t 
comuieiiciil  tfj  f0rm  a  dlsiiuLt  l»yrr,  Ko  wgineiitAtidti  earlty  it  pnarni^  «« tirgie  |^ttflplirr«l  ri^^tj ;  *^ 
1ari;t<r  cvUr  uf  the  jA«i?r  parts  of  ibe  h)ft»|odi'iiii ;  f,  middle  Ube  Of  hlmtodem ;  s^  edge  of  |}i«  blwl«lena 
adjulolng  (he  wlille  yi#tlc  ^  11?,  vhUe  yolk. 

of  the  blastoderm  at  the  time  that  the  egg  m  laid.    The  fiitum  d^vclopflMlllJ 
of  the  chick  takes  place  entirely  in  the  area  pellucida.     In  llie  eotirtie  of  l 
few  hours  after  being  laid  the  bhistoderm  of  the  fccnudated  ^gg,  m  conie- 
quence  of  the  flattening  of  the  lower  cells  of  the  mesablast  and  thit  drfvelop- 
raeut-of  nuclei  in  iWit  mtjemri  ^tesenta  a  division  into  Uiree  layers  (Fig. 
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327) — an  upper,  middle,  and  inferior — termed  respectively  the  epiblast  (a), 
mesoblatt  (b),  and  hypoblast  (c).  It  also  begins  to  spread  circularly  over  the 
Yitellus,  so  that  instead  of  appearing  as  a  mere  disk  it  forms  an  investment 


Flti.  328. 


^^  -ma 

Section  of  a  Blantoderm  at  right  aoglos  to  the  lung  axis  of  the  Kmhryo  after  eight  hours*  incuhation. 
Taken  about  midway  betweeu  the  fn>Qt  and  hind  end.  a,  EpiblaKt ;  b,  Mosoblast ;  c,  Hypobla»t;  pr, 
priniitiTe  grooTe;  /,  fold  in  the  blastoderm,  probably  produced  hy  the  action  of  the  chromic  add ;  mo, 
mesoblast  cell— the  line  points  to  one  of  the  peripheral  mesoblast  cells  lying  between  epiblast  and  hy- 
poblast :  bit^  formative  cells.  The  following  are  the  chief  points  represented  in  the  section :  (1)  The 
tklekeaingof  the  mesoblast  underneath  the  primitive  groove />r,  even  when  it  is  hardly  at  all  present 
•t  the  sides  of  the  groove ;  (2)  The  hypoblast,  c,  early  forme<l  as  a  single  layer  of  spindle-shaped  cells; 
(S)  The  so-called  segmentation  cavity,  in  whiob  coaguluttnl  albumen  is  present.  On  the  floor  of  this 
Are  tbe  large  formative  cells  b  d.  The  line  of  separation  between  the  epiblast  and  mesoblast  is  too 
strongly  marked  in  the  figure. 

for  the  yolk  beneath  the  vitelline  membrane,  which,  however,  only  becomes 
complete  towards  the  close  of  the  period  of  incubation.  The  bag  thus  pro- 
duced is  chiefly  formed  by  the  growth 
of  the  area  opaca,  but  in  part,  also,  by 
that  of  the  area  pellucida,  which  gradu- 
ally assumes  an  oval  and  then  a  pear- 
shape.  In  the  centre  of  the  area  pellu- 
cida a  longitudinal  thickening  is  now 
seen,  termed  the  primitive  streak,  which 
is  formed  by  the  multiplication  of  the 
cells  both  of  the  epiblast  and  of  the 
mesoblast,  but  chiefly  of  the  mesoblast, 
and  this,  again,  is  quickly  marked  by  a 
dimple,  the  primitive  groove  (pr.  Fig. 
328;.  This  is  the  first  indication  of  the 
embryo,  which  in  its  further  develop- 
ment is  formed  by  a  folding  off"  of  the 
area  pellucida  from  the  rest  of  the  blas- 
toderm ;  though  it  may  be  mentioned 
incidentally  that  the  primitive  groove 
early  disappears  without  entering  di- 
rectly into  the  formation  of  any  part  of 
the  embryo.  The  first  indication  of  the 
folding  off  of  the  embryo  consists  in  the 
formation  of  a  crescentic  furrow  (Fig. 
328,  the  first  dark  crescent  above  the 
line  A)  &t  a,  point  which  corresponds  to 
the  head  of  the  embryo,  and  very  shortly 
afterwards  tail  and  lateral  folds  form, 
which  give  rise  more  and  more  distinctly 
to  the  appearance  of  a  small  tubular  sac  seated  upon  and  connected  by  a 


Surface  \Ww  of  tbi?  Pellucid  Area  of  a  Bias- 
IcHltTin  of  18  hours.  None  of  the  opaiiue  area 
in  shown,  the  pvar-Mha|M'<l  outline  indicating 
the  liuiits  of  the  pellucid  area. 
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eontimially  iiarrowin|  hollow  stalk  (the  tHtelline  dtid)  witti  the  gL^rmmal  i 
of  the  blaitoderni  which  incloaes  the  yolk.   Soon  a  Ik  r  the  ari|>eamut'e  of  L- 

firiniitive  strfmk  and  gruove  the  in^f>blai§t  midorg*>ea  a  cleavage  into  two 
aininae  over  its  whole  extenl,  with  the  excepiiou  of  that  part  that  lie^  jitet 
beneath  the  axis  of  the  embryo.  The  upper  layer  of  the  mesoblastt  uoites 
with  the  epiblast,  the  lower  layer  with  the  hypoblast,  and  ihe  yolk  iUm 
comes  to  have  a  double  ioveat merit  beneath  ibe  vitelline  ciembraue.  In  the 
first  formation  of  the  head,  tail,  and  lateral  folds,  both  lay^ers  are  eqimllT 
involved,  but,  m  e^bown  in  Fig,  ^29,  the  lower  leaf  is  folded  in  more  rapidly 
than  the  up|>er  one,  and  a  space — the  plmroperiioneitl  eavit^  {pp.  Fig*  329) 
appears  between  them.  The  npper  or  outer  layer  forms  the  ftonmiopfeurri 
(r  *So)i  and  eubf?e*|uently  gives  ri**e  to  the  bf>dy  walk  of  the  embryo*  The 
lower  or  inner  layer  for nvi*  the  aplatif^hnopleure  (Sp)^  and  its  oppiMite  folrif 
meeiing  sooner  than  those  of  the  upper  layer,  constitute  the  intestinal  tube* 
At  about  the  sixteenth  hour  a  thickening  of  the  mesoblast  occurs^  in  froot 
of  the  primitive  groove,  ending  in  front  as  the  headfo!d  (Fig.  328  A,  Fig, 
329).  The  snrface  of  tbia  is  raarke^l  by  a  groove  (m  r,  Fig.  328),  teraieS 
the  medullary  groove,  the  sides  of  which  (^4)  constituting  the  tnedulliir^ 
folds  or  hminte  dorml&t,  gradually  arching  over  till  tbey  meet  and  fu^»  in* 
close  the  mednHanj  mmd.  Immediately  beneath  the  groove  the  cells  form  a 
flattened  cylindrical  rod — the  iwiodtordi  which  b  the  precursor  of  the  verte- 
bral column. 

Forfnafian  of  Amnion  aud  Aliantok. — Coincidently  with  the  formation  of 
the  beadfold,  a  second  fold  (Fig.  329,  A  m)  appears  a  little  in  frout  of  it, 


Fio.: 


A^C 


\. 


^       FJI'4 


^J-tf. 


c*: 


Ff 


7// 


llgfiiiniiiatlc  LoDgfiudtnml  S60U0D  tbrougti  the  Axi«  of  an  Eml>rro.  FS^,  Fold  (»f  tb»  aMail^ 
p7<«uf(*.  FSp,  Fold  of  ibe  splanchiiai^lcure.  Tfa«  Itae  of  KfvrenGc,  FS  o,  I«  pUetti  tn  llic  Tiiirtir  b«f» 
Oiitaide  *he  cnjbrfo,  Thi-  IJne  of  J?  it  pldcn]  io  the  upper  bar,  lonlde  Uie  tiuhrfo;  thia  «iTt  rrnutn  at 
Uie  aliijiftittry  caual.  Duth  fulds  iFStt,  FSp)  are  paTV$  of  tbe  biiulfolcl,  sod  are  to  be  llmuKht  of  as 
contlnuaU}^  traTelltng  onwmrdA  i  to  thi'  Jen)  m  deretopnieut  pn^ccedB.  pp,  Spacu  betwNu  ^mmtaiUi'ttm 
aud  ^iilnnrbnopleiiFe;  pb^r^jpcrUout^nl  ^uvity,  A  m^  CummencioK  ibi'iid)  fold  of  tbe  aiaiiKoti^  The  lall- 
fiilil  hm  not  jret  appeared,  JVC,  Neural  canal,  c;to»ed  In  front,  but  m  jet  open  bf'hliid.  fliei  afrtJoa 
beio^  taken  In  the  middle  U116,  the  prx>tuveftebTiE  are  uf  iM>urs<'  not  shovsj.  In  front  cif  lh«  iiato<lu»f4 
is  aeeii  a  man  of  undpft  mesdblaat,  wbli^b  wU\  erentaallj  form  pftrt  of  the  skuJL  2>, Ci^imaoAe'lBg  fkn^ 
gut,  or  front  paj^  of  iba  aUateaturT  ^nal.    A,  EplliUat.    B,  Mesohlast.    C^  Hi^poblut, 


and  soon  others  arise  at  the  tail  end  and  side«  of  the  embryo,  whiirh,  unlikt^ 
the  head 'fold,  are  formed  eiclusively  of  the  eomatoplenre — Le.,  of  the  ^pi* 
bla^t  and  a  thin  layer  of  mem>blast,  and  gradually  rising,  bend  over  tae 
body  of  the  embryo  (Figs.  331,  rf,  e;  334,  a  /)\  and  coalesce  (e.  Fig. 
332).  These  are  the  amniotk  fold^.  Each  fold  uec^^i^i^rily  eonsiste  of  two 
limbs.  After  their  coal^cence  the  septum  disappears  aud  two  spacer  exi^^t: 
one  which  i^  eontinuoua  with  the  pleuroperitoneal  cavity  between  the  outer 
and  inner  limb^,  and  one  between  the  inner  limb  and  the  biHly  of  the  em* 
bryo.    The  former  k  the  space  into  which  the  aUaniois  or  respiratory  orgme  of 
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the  embryo  projects;  the  latter  is  the  amniotic  sac,  and  is  subsequently  filled 
by  the  amniotic  fluid.  The  allantois  (Fig.  333,  c)  is  not  formed  till  the  2d 
or  3d  day,  when  it  appears  as  a  bud   thrown  out  by  the  splanchnopleure 


FIO.3S0. 


Fio.  331. 


Fio.  330.— Plan  of  earlj  Uterine  Oram.    Within  the  external  ring,  or  zona  pellucida,  are  the  serons 
kaBina,'a;  the  yolk,  fr;  and  the  incipient  embryo,  o. 

Fio.  331. — Diagrtni  of  Ovum  at  the  commencement  of  the  formation  of  the  Amnion :  a,  chorion ;  b, 
yrtk-Mc;  e,  embryo;  d  and  e,  folds  of  the  serous  layer  rising  up  to  form  the  amnion. 

close  to  its  junction  with  the  somatopleure  at  the  hinder  end  of  the  embryo, 
and  gradually  insinuating  itself  first  into  the  pleuroperitoneal  cavity,  and 
then  between  the  true  and  false  amniotic  sacs,  it  curves  over  the  embryo 

Fio.  333. 


Fio.  332.— Fecundated  Egg  of  Fowl  with  Allantois  nearly  completed :  1,  Inner  lamina  of  amniotic 
Ibid;  6,  outer  lamina  of  the  same;  e,  point  where  the  amniotic  folds  come  in  contact  with  each  other; 
the  allantob  is  seen  penetrating  between  the  inner  and  outer  lamlnn  of  the  amniotic  fold. 

FI0.33S. — Fecundated  Egg,  showing  formation  of  Amnios  and  Allantois:  a,  Umbilical  vesicle;  b,  am- 
Blotlc  caTity ;  c,  allantois. 

(Fig.  332),  and  is  separated  from  the  outer  air  only  by  the  shell  vitelline 
membrane  and  the  thin  false  amnion.  It  is  composed  of  a  layer  of  columnar 
cells  derived  from  the  hypoblast,  of  a  layer  of  cells  derived  from  the  undi- 
vided mesoblast,  and  of  an  epithelial  investment  derived  from  the  mesoblast 
of  the  splanchnopleure.'  It  receives  at  an  early  period  branches  from  the  iliac 
arteries,  which  subsequently  constitute  the  umbilical  vessels,  and  are  developed 
in  an  extension  of  the  mesoblast  cells  of  the  area  opaca,  known  as  the  vas- 
cular area. 

The  first  rudiment  of  the  heart  in  the  chick  appears  as  a  solid  thicken- 
ing of  the  mesoblast  of  the  splanchnopleure  just  beneath  the  anterior  ex- 
tremity of  the  foregut.  It  soon  becomes  hollow,  and  receives  behind  the 
blood  of  the  two  oiuphalo-mesaraic  veins,  which  ramify  over  the  yolk-sac, 


1  Dobrynin,  Wien.  Akud.  Sitz-ber  ,  Ixiv,  1871,  Abth.  ii. 
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whikt  in  front  it  gives  oflf*  the  two  aortie,  whicli  betid  round  the  front  end  of  1 
the  foreg"Ut  and  gain  its  upper  side,  wheo  they  turn  back  and  run  in  the  me- 
aoblast  on  each  side  af  the  notoehoH  to  the  tail.  About  the  middle  of  the 
embryo  each  give^  off  a  large  omphalo- mesenteric  artery,  which  bdij^tributed 
over  the  pellucid  and  vascular  area.^  from  whence  the  blood  is  returned  by 
the  omphalo-nic?araic  veins  (Ftg.  340,  It  Of.  A,  LJJf).  At  the  closf^  of  the 
first  day  the  protro vertebra^  begin  to  form  in  the  uncleft  portion  of  the  mono- 
blast near  the  middle  line,  which  h  called  the  vertebral  plate.  The  fim  one 
that  make^  its  appearance  h  the  body  of  the  third  or  second  ceryical,  othera 
soon  becoming  ecgmeiited  off'  the  vertebral  plate  Ix^th  before  and  behind. 
At  this  time  the  forepart  of  the  medullary  canal  with  its  optic  and  cerebral 
vesicles,  which  has  hitheito  beenstraight,  begin s  to  cur%'e  over  the  anterior  ex- 


Ftq.  !CM. 


m^  M 


Tr«n9fer9e  necilan  of  the  Bmbtf^  of  »  Fvwl  nt  the  begjnaliig  of  the  Iblrtl  d»rof  Itimtetlott  X I 
— IfiOr  eh,  chonliidlorsaU«;  ni^h,  utidlvtili.'d  nieAahluptl,  iti  viik'h  Ih^  [iminri^f'tchnir  arr  >iihiH»qUMitt]r  4**i1 

Hi  tie  ( fi}ilij  a!  c<*rd ) ;  w ,  m  use  u  tskt  1  umi  na ;  p,  pk'u  mjjQ  r  It  vn  t^A  I  ca  v  U  y    *it  f*>l  i1  «f  t  b  &  ■  m  alcw ; ««,  |idBiittl«f  I 
aurlH;  tM\  veu*  c»r*Iiti»lia ;  mi,  W«lfliap  btrfy ;  uttg,  duel  otiUv  Wojfflan  \hMt* 

tremity  of  the  notochord,  which  m  the  commencement  of  the  crtininl  fiejcure: 
and  so<m  after  the  whole  embryo  becomeis  curved  up<iU  itself     Ou  the  thifd 
day  certain  fimurm  or  clefts,  tcrmeil  the  imct^mi  or  hmnvhial  ckftj*^  a|»fM.*ar.  de- j 
vel oping  in  succession  to  the  number  of  four  from  before  l>aek  wards,  anil  fnirai 
within  outwanls.    The  anterior  border  of  each  forms  a  visceral  or  braucht&t 


Ftu.  S35. 


^^^ 


PPQff«»l¥«  Plages  In  rti^Hr^mf^iitntion  of  I  lie  Vol  It  of  Uic  MAtiiinAUan  Ovuai  - 
taio  iwa  liiilrcs;  n,  iub(tlvi»ii>u  uf  «)icli  bulf  liitu  twu;  i\  funber  »uMHMoti,  fi 


A«ic«  im^ 


fold,  m  that  there  are  five  fohk     The  fir^t  pair  form  the  tnfi*rior  maxt1ltv| 
and  by  a  pair  of  buds  they  give  off  from  their  upper  border,  the  ffupcriof^ 
maxilffe.     Other  structures  are  ibnned  in  the  remaining  tbld^i  whicn  will 
hereafter  receive  mention  {§§  793,  800j. 


BARLT  STAGES  OF  THB  DBVBLOPMENT  OF  THB  FOWL. 


931 


Having  proceeded  thus  far  with  the  developmeDt  of  the  chick,  we  may 
low  return  to  the  early  stages  of  the  developmeDt  of  the  MammaliaD  ovum. 
the  ovum  of  the  Mammal  differs  from  that  of  the  bird,  in  not  presenting 
he  same  differentiation  into  white  and  yellow  yolk  and  cicatricula,  but 
ttembles  the  cidttricula  in  undergoing  complete  segmentation.  It  is  origi- 
lally  composed  of  yolk  spheres  diffu^  in  protoplasm,  and  contains  a  ger- 
niDal  vesicle  and  spot.  As  the  egg  ripens  the  vesicle  comes  to  be  nearer  and 
learer  to  the  surface,  and  before  impregnation  occurs,  and  probably  as  a 
sonseauence  of  the  contractile  power  of  the  protoplasm,  is  squeezed  out  from 
t,  and  lies  between  it  and  the  zona  pellucida.  Here  it  undergoes  segmenta- 
ioD,  but  its  further  changes  are  unknown,  except  in  so  far  that  the  products 
xf  its  division  do  not  appear  to  stand  in  any  genetical  relation  to  the  nuclei 
>f  the  primary  aegmerdation  spheres}  These  are  derived  from  the  division  of 
lie  yolk,  which  takes  place  in  a  manner  essentially  similar  to  that  of  the 
sicatricula  of  the  Avian  egg  (Figs.  335  and  336),  the  ovum  ultimately 


Fio.  836. 


Later  stage  Id  the  Segmentation  of  the  Yolk  of  the  Mammalian  Ovum :  at  a  is  shown  the  "  mulberry- 
man"  formed  by  the  minute  aulKlIvlsion  of  the  vitelline  spheres ;  at  b,  a  further  increa.se  has  brought 
Its  aurface  into  contact  with  the  vitelline  membrane,  against  which  the  spherules  are  flattened. 

acquiring  a  mulberr}--like  aspect,  and  by  the  time  of  its  arrival  into  the 
Qtenis  the  whole  cavity  of  the  vitelline  membrane  or  Zonn  pellucida  being 
occupied  by  minute  spherules  of  yolk.'  The  outermost  cell-like  products  of 
the  segmentation  of  the  ovum  assume  a  definite  arrangement,  and  form  a 
kind  of  membrane  within  or  beneath  the  Zona  pellucida,  named  by  Bischoff 
the  htadodermir.  vesicle.  This  increases  rapidly  in  size,  and  becomes  tilled 
with  fluid  furnished  by  the  uterus.  When  it  has  attained  to  J",  in  the  ovum 
of  the  Rabbit,  a  round  spot  begins  to  be  distinguished  by  its  white  opaque 
appearance ;  this  is  the  Area  germinativa  (Plate  I,  Fig.  6).  The  Area  ger- 
minativa  continually  increases  in  extent  and  thickness  by  the  formation  oi 
Dew  cells,  and  soon  exhibits  a  differentiation  into  an  upper  and  a  lower  layer 
[Plate  I,  Figs.  5  and  6),  and  the  lower  layer  again  speedily  divides  into  two. 
Thus,  the  same  succession  of  layers — an  outer  or  epiblastic,  a  middle  or  me- 


*  Oellacher,  Max  Schultzo's  Archiv,  Bd.  viii,  p.  1,  1872. 

•  A  rotation  of  the  yolk  at  this  period,  for  which  th<»  presence  of  oxygen  appears 
to  be  a  necessary  condition  (8ee  Dr,  Hansom,  Humphry  and  Turner's  Journal  of 
Anatomy,  vol.  i,  18H7,  p.  237)  was  observed  by  Dr.  Ransom  in  the  ova  of  the  Ga>ter- 
Mteus,  and  was  soon  after  notic»»d  in  the  Pike  by  Reichert,  in  the  frog  by  Ecker, 
ind  subsequently  in  the  Rabbit  and  Guinea-piir  by  Bischoff.  The  cause  of  this  sin- 
|i;ular  movement  is  still  unknown,  and  though  Bischotf  stated  that  he  had  seen  cilia  in 
Jie  rabbit  on  the  outer  surface  of  ithe  yolk,  he  was  unable  to  satisfy  himself  of  their 
jresence  in  the  guinea-pig. 
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soblast.ic,  an<l  au  iKitenml  or  hypobkstie  hiycr — k  sceo  as  in  tlie  egg  of  Ae 
fowl,  an^l  the  procesjs  of  develojinieut  U  in  all  esseiulal  respects  iii  its  earl? 
stages  idetJtit-al  with  that  uf  the  egg  of  the  Bird-  From  the  rpjbluM  the 
brain  ami  spinal  conl,  the  special  modifications  of  the  nerves  muji^ieriug  to 
special  i^ense,  aa  the  Retina,  Auditory  hair^,  etc-,  and  tbe  ^idermU  witfi  iti 
epithelial  prolongations  into  the  moutb,  salivary  dncta,  and  clcwica,  are  de*  i 
ri^ed.  The  niemthlmt  give^?  origin  to  tbe  tnusieles,  bones,  couneciivL*  lia*ue,  | 
and  dermiii,  tbe  cerebro-spinal  and  sympathetic  nerves,  the  genito-urinarr, 
and  the  chyiopoietic  system,  and,  lastly*  from  tbe  hifpijhhid  ariBe  tbe  i^'pithe- 
lium  of  the  digestive  canal  and  of  tbe  duels  of  the  glands  connecleil  with  il 
(except  the  salivary ),  as  well  as  tbe  cells  constituting  the  parencbynin  of  the 
liver  and  pancrea*,  and  the  epithelium  of  the  respiratory  apparatus,  Whikt 
this  is  progressing  tbe  fine  membrane  covering  and  inciting  tln3  bla^tmliT- 
mic  vesicle  begins  to  show  small  mam  miliary  t^minence^,  whence  the  name 
which  ha^  been  suggested  for  this  membrane,  of  Chorion  primiiimim  or  Mem* 
hnoHi  ovi  ejienm.  The  ovum  at  this  f)erioti»  therefore,  consists  of  tbe  exter- 
nal villous  membrane  or  primitive  chorion  ;  of  the  blastodermic  vesicle, 
eompjjsed  of  two  layers;  and  of  the  cellular  yolk.  As  in  the  Bird,  thearwi 
germinativa  at  its  first  appearance  has  a  rounded  form,  but  il  s<K>n  UmcB 
this,  first  becimiing  oval  and  then  pear-shaped  (Plate  11,  Fig.  11)*  The 
centre  bc(.*otnes  clear,  and  constitutes  the  nrmi  pdlimda^  and  this  is  bounded 
by  a  more  opaque  circlci  the  nrta  opaea.  Tbe  first  appearance  of  tbe  embryo 
in  the  form  of  the  primitive  trace  with  the  subsequent  elevation  of  tlie 
imninw  dorsitfeitf  their  junction  in  the  middle  line,  and  expansion  anteriorly 
into  three  vesicles  (Plate  II,  Fig*  126),  afterwania  to  be  develo|jed  into  the 
promne^haion,  mesencephalon ^  mid  epencepltahn ;  the  formation  of  tbe  amiiiou 
Dy  tbe  growth  of  two  folds  of  tbe  epi blast,  and  tbe  growth  of  the  nllantois 
into  its  cavity  difier  in  no  essential  res^^ect  from  the  similar  procpjtse.%  in  the 
chick,  though  the  allanlois  never  attains  tbe  same  degree  of  development  in 


FlM.  337* 


^ 


Tr»EMVtfni<^  swUan  Ibrough  the  liiiihrjfo  nf  the  Chick  at  thecluK  of  Ihe  flrsl  dAj-of  lueutAlloii,  niif* 
niflii'fl  ablaut  lQOdliinif'li?rs:  eh,  cliurda  dcitRAU^;  A^^  vxUvrnBl  i»rrnuii  or  corlml  lAjrcr;  m.  innl'ilUrr  fnw 
tlou  oT  sernii£  laytT^  jP«>,  |triiiiirH(^  grwivt'  Wlwcen  Xhv  dunal  littulbip  i^  afid  m;  dii^  IsU^iln*!  wfiltti«» 
tUd  ar  gland  uljir  ta^r^f  (mULtiiwi  J»jer);  taep,  pi^^^^rttibral  m»m^  tti  wlilch  Ui«s  pritii&rr  - 
arc.' farm  Li],  ft  ud  which  U  ctrntlniitHJii  wUh  the  i^kldlu  ImattiA,  jyy;  uv^,  &,«9ur«  iu  th 
prcM'ULlug  tlie  first  iRdicitlnn  of  the  |i]t:iiro^[f«rUoiitL'aI  cavUy,  and  of  the  fubfteiimiili  ^jj  i 

Itllddlfi  tulllili«  in  to  two  U^GTS. 


the  mammal,     A  microscopic  examination  of  tbe  Amniotic  tnembrsnc  in 
the  Human  tiubject  shows  that  it  consists  of  an  inner  layer  of  te^cllatt'd  epi* 
thelium,  and  an  outer  layer»  which  even  at  tbe  Iburth  week  pre^ent:^  &pindle- 
formed  corpu*cle^^  and  at  the  seventh  week  Ixas  become  weU-niarkcd  c*»ti- 
nective  tissue.     In  some  animals  it  i^  pri>vided  with  muscular  fibni*^  and 
j>erforms  distinct  movements;  but  it  never  iu  any  s^peei^  possesses  pro|j€r I 
vessek     From  its  mode  of  formation,  the  Amnion  ia  directly  cootinuoUiJ 
with  the  skin  of  the  embryo,  and  the  Amniotic  liquor  in  which  th©  fcpUii' 
flctati*  occupies  the  space  between  tbe  inner  layer  and  the  skin, 

777,  As  the  development  of  the  embryo  progrefises,  the  walls  of  the  ab- 
domen and  tbe  coaLa  of  tbe  intestines  begin  to  be  furuied  by  the  beutf 
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downwards  and  forwards  of  the  lateral  portions  of  the  blastodermic  vesicle. 
In  Fig.  3*38,  the  mode  of  the  development  of  the  abdominal  cavity  is  seen, 
ilB  parietes  being  formed  by  the  somatopleure,  composed  of  the  epiblast  with 
■ome  mesoblast  (bh),  whilst  within  it  the  deep  groove  of  the  intestines  (d) 
appears,  the  walls  of  which  or  splanchnopleure  are  composed  of  two  laminas, 
ue  mesoblast  (df),  and  the  hypoblast  (ct),  passing  into  the  corresponding 
ImmiDffi  of  the  blastodermic  vesicle,  which  already  form  the  vitelline  sac. 
The  incipient  intestine  is  maintained  in  its  place  by  the  mesentery,  which 
begins  to  be  formed  out  of  a  prolongation  of  the  mass  lying  in  front  of  the 
chorda  dorsalis,  in  which  lie  the  now  symmetrical  aorta  (sa)  and  the  cardiual 
▼eiD  (uc),  and  which  is  obviously  only  a  thickened  portion  of  the  connecting 
band  between  the  parietal  lamina  and  the  intestinal  fibrous  layer. — During 
the  same  period,  a  very  important  provision  for  the  future  support  of  the 
embryo  begins  to  be  made,  oy  the  development  of  Bloodvessels  and  the  for- 
mation of  Blood.  Hitherto,  the  embryonic  structure  has  been  nourished  by 
direct  absorption  of  the  alimentary  materials  supplied  to  it  by  the  yolk ;  but 
its  increasing  size  and  the  necessity  for  a  more  free  communication  between 
its  parts  than  any  structure  consisting  of  cells  alone  can  permit,  call  for  the 
development  of  vessels  through  which  the  nutritious  fluid  may  be  conveyed. 
These  vessels  are  first  seen  in  the  vascular  area  or  that  part  of  the  germinal 
membrane  which  immedialely  surrounds  the  embryo.^  In  their  earliest 
Stage  of  development  these  vessels  appear  as  ttoo  arcus  aortoij  proceeding 
from  the  anterior  part  of  the  heart,  which  after  a  short  course  in  the  for- 
ward directicm,  bend  backwards  to  unite  in  a  single,  short,  symmetrical 
aortic  tube,  from  which  again  two  branches  almost  immediately  arise,  the 
arterice  vertebrales  posteriores,  or  primitive  aortse.  These,  lying  beneath  the 
chorda  dorsalis,  extend  to  the  posterior  part  of  the  body  of  the  embryo,  di- 
viding ultimately  into  the  omphalo-mesaraic,  or  Vitelline  vessels  (Fig.  340, 
R.OJ.A,  L.OJ,A ;  see  also  Plate  II,  Fig.  13)  which  form  a  close  network, 
bounded  by  a  circular  channel  termed  the  Vena  or  Sinris  terminalis.  This 
network  or  vascular  area  soon  extends  itself,  and  the  vessels  finally  spread 
over  the  whole  of  the  membrane  that  contains  the  yolk.  At  the  anterior 
part  of  the  embryo  the  two  extremities  of  the  circular  channel  form  the 
Vence  omphalo-inesaraicce,  which  discharge  their  contents  into  the  back  part 
of  the  heart. — At  this  period  the  Yolk-sacis  entirely  separated  in  the  Mam- 
malia, by  a  constriction  of  the  portion  which  is  continuous  with  the  abdomen 
of  the  embryo  (Fig.  343,  h) ;  and  it  is  known  from  that  time  under  the  name 
of  the  Umbilical  Vesicle  (Plate  I,  Fig.  10,  i).  The  communication,  however, 
remains  open  for  a  time  through  the  '*  vitelline  duct ;''  and  even  after  this  has 
been  cut  off,  the  trunks  which  connect  the  circulating  system  of  the  embryo 
with  that  of  the  vascular  area  are  discernible.  The  two  first  veins,  then, 
that  are  developed,  are  the  Venae  omphalo-mesaraicse,  which  belong  not  to 
the  body  of  the  embryo  itself,  but  to  the  germinal  area,  and  open  by  a  short 
tube  common  to  both  into  the  posterior  extremity  of  the  Heart  (Fig.  339, 
I,  owi).  Subsequently  by  the  extension  of  their  branches  over  the  yolk-sac 
thev  become  the  vitelline  vessels,  still  opening  by  two  veins  into  the  heart, 
and  effecting  the  absorption  of  the  yolk.  With  the  formation  of  the  intes- 
tine, however,  the  vessel  of  the  right  side  disappears,  the  lefl  alone  remaining 


>  According  to  His  (loc.  cit.,  p.  95),  Wolff,  nnd  Pander,  in  the  chick  a  peripherical 
va>i^l  anmnd  tho  cferminal  area,  and  others  in  the  area  opaoa,  first  appear,  whilst  at 
various  point.-*  small  colored  masses,  surrounded  by  a  membrano  or  blood-islands  are 
d«*velopwl.  Both  the  vessels  and  the  blood  proceed!  directly  from  the  white  or  g«»rin- 
yolk.  The  f<»rmation  of  the  vessels  precedes  that  of  the  heart,  and  is  quite  inde- 
pendent of  it. 
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(Fig.  330*  i»  om''),  whicih  is  soon  joined  by  a  small  meseDteric  weasel  from 
the  intestine  (Fig.  339,  j,  in).  Before  this  ia  accoraplishedp  however,  the 
Allantoic  has  been  develt>[M*d,  and  to  this  organ  the  larp  branehea  pan 
from  the  lilac  Arteries,  which  are  named  ttmi/Yica/  arterk^:  the  blooo  re- 
turning from  it  after  aeration  enters  the  two  Veuie  umbtlit^les  which  pa« 
forwards  aud  open  into  the  common  trunk  of  the  Vense  omphalu'me^eii- 
terieie  (Fig.  339,  i,  u'u'}.  The  Veuse  umbilicale^i  rapidly  increase  m  iise, 
preponderating  so  much  over  the  only  remaining  Vena  oniphalo-nje*eiityric»t 
into  which  they  originally  discharge  their  contents,  that  the  hitter  now  ap- 
pears to  be  merely  a  tributary  braiicb.  As  the  Liver  becomes  developttl  it 
surrounds  the  trunk  of  the  umbilical  vein  (Fig*  389,  3),  which  soon  forma 
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Fuj.  ;J3S,— TrHn>T<?ne  bch'IIuii  niEidff  tbrmigh 
thf  biidy  cif  tht!  Embryonic  Fowl,  itMr  Uw 
iimbilkiiji,  tti)  the  firth  dmy  oT  incu^iallcin :  j4, 
iihf>iitti  nf  thv  choniii  dorvAlts;  h^  epiblul  t  <nA, 
iimii]tii«<:niiip|i-t«'lj  clow4  ;  ms,  •Pcoodurf  aoitA ; 
vr,  riMia  cnnllnttUii'p  ftii^  aiuociilar  lamina;  ff^ 
Hf  IiiaI  )(uui^tl»n ;  t',  fttiterW  root  of  th€  Miiiil 
nvtvv ;  hft.  lacJ-tMiut ;  tip,  pruloiigition  ut  tb« 
miriKiblaBi  tntn  Ihi"  nMomltml  wilt  fpn>toTi'rt«- 
faml  I  Am  Ins  of  E<?ni;kk,  vtatieiTHl  Uinian  of  tlci- 
cii^rtK  frft,  !M)iiiftl«tt1ture»  or  prlmlU^f!  vnllfnf 
thi?)ilKluiii^iir.  roniito^fd  of  thecxfiiriiRl,  H^rroiin, 
nr  ciJibluiitk  kminn.  ami  of  m  layiT  of  itievb- 
hlast ;  rf/*  Iptcrniil  biyisr  of  m«'K>l»lut,  in  »hU'h 
Ihcr  l^brMiis  mi*mhrauc9  ot  the  iDi«>«tinca  are 
dcirt-lnped  i  t/,  hyp*>bJHJit.    The  tnnKft  afnund  the* 

chordA  i*  thiit  111  which  ih<*  protciTflrttebraj  an?  duvrtoiied ;  it  cootiitt*  tise  T«aHb  •(ii«rlorlj,  tM  la  fiiwl. 
In  iht;  iiilddlL'  tJiiQ,  l»  prploi]p?d  ah  (b«  meifiiitery. 

Ftrt.  3%!.— Dhifmni  of  the  fonnfitidn  of  the  Vens  Oiupbalii-meiafatcie  and  rmlimcalw:  1,  M  thi»tt»« 
^•f  the  Ar^t  apfM^arance  of  Ibe  LimblllcaJn  and  Lhcr  eoiiim^nttiinifnt  df  ihe  omfibala-mt'simlojir.  t  At  III* 
PK^  of  I  he  Ami  Dpti^arance  of  thi-  hraoc'tu^s  to  and  rn»mtb«  liv^r,  ai>d  l\w  dliiibnution  of  Ihr  oiE]|vh4ili« 
flnRteTie  v^-mi'Ia.  3,  4.  Ai  tli«5  jtetioA  of  campletA  fiDla]  circulation  Ifi  1,  omphii}o<-ine«4irmtc  ixualt;  U 
2,  %,  n:mAiQ3  of  it ;  in  I,  ffifi  of  the  3r«>lk-4ne  atcine  ;  mj»'  ii|fht  and  «»*'  left  f  rua  oEupbalo-innaanikK;  n,  j 
trunk  of  I  be  umbilical  ifcin  ]  u'  right  Aud  k"  left  Tona  umiflllcalis;  ife-,  ductus  Cuileri  l  j,  JufuUrit  ;<  ' 

YetifMiiiB  AraiitlL :,  et,  ca?a  lufcrior  ;  j\  veaa  porliB;  <;  lletud)* ;  in,  nicwenterlfi*  tuptiriar. 

a  twofold  system  of  tubes  within  that  glaod,  the  one  conveying  the  blood  to  | 
the  liver,  the  Venee  hejMticK?  advehentes;  the  others  returning  the  lilotKi 
from  the  gland  substance  to  the  umbilical  vein  again,  and  constituting  this 
Vence  hepaticic  revebeutea.  The  right  umbilical  vein  now  disap{>ear»,  and 
the  blood  returning  from  the  placenta  altogether  traverses  the  left  \-i*ia, 
whicli  ^oon  takei  up  a  median  position  ;  the  remaiiia  of  the  omplialo*nioi^iniie 
veasel  <wm,  Fig.  339,  4),  together  with  branches  {m)  derived  from  the  iatei*, 
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tine,  ultimately  eoiue  to  open  into  the  right  vena  hepatica  advehens  of  the  um- 
bilical vein,  and  thus  constitute  the  origin  of  the  portal  vein.  That  portion 
of  the  umbilical  vein  which  lies  between  the  two  systems  of  hepatic  branches 
just  mentioned,  remains  throughout  the  whole  of  foQtal  life,  and  is  termed  the 
i)uctiis  venosus  Arantii.  It  was  formerly  believed  that  the  nutrient  matter 
of  the  yolk  passes  directly  through  the  vitelline  duct,  into  the  (future)  di- 
gestive cavity  of  the  embryo,  and  is  from  it  absorbed  into  its  structure;  but 
there  can  now  be  little  doubt,  that  the  vitelline  vessels  are  the  real  agents 
of  its  absorption,  and  that  they  convey  it  through  the  general  circulating 
aysteni,  to  the  tissues  in  process  of  formation.     They  correspond,  in  fact,  to 


Diagrmm  of  the  circulation  of  the  Yolk  Sac  nt  the  end  of  the  third  day:  //,  Heart.  AA,  the  2d,  3d, 
and  4th  Aoitic  Arches;  the  fintt  has  bccomo  obliterat<'d  in  ita  mfUiun  i^ortion,  l>ut  is  cuntinuci]  at  its 
proximal  end  as  the  external  Carotid,  and  at  its  distal  end  ax  the  internal  Camtid.  Ao.  Dorsal  Aorta. 
S,0/.A,  and  L.O/.A^  Right  and  left  omphalr>-niesaraic  arterici*.  S.T.,  Sinus  terniinalis.  /?.0/aud  l..(tf. 
Right  and  left  omphalo-mesaraic  veins.  S.V,  sinus  venosus.  J).C,  Ductus  Cuvieri.  S.Ca.  I'  and  I'.Ot, 
Saperior  and  inferior  Cardinal  Veins. 


the  Mesenteric  veins  of  Invertebrated  animals,  which  are  the  sole  agents  in 
the  absorption  of  nutriment  from  their  digestive  cavity  ;  and  the  blastodermic 
vesicle  to  be  regarded  as  the  temporary'  stomach  of  the  embryo, — remaining 
as  the  permanent  stomach  in  the  Radiated  tribes. 

778.  The  first  rudiment  of  the  Mammalian  Hecui^  which  is  the  earliest  of 
the  permanent  organs  of  the  embryo  that  comes  into  functional  activity, 
consists  of  an  aggregation  of  cells,  forming  a  thickening  of  the  mesoblasJt 
beneath  the  anterior  portion  of  the  intestinal  canal,  and  lying  in  the  general 
pleuroperitoneal  cavity  (Fig.  329,  lit),  the  innermost  cells  becoming  de- 
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A.  llt'Art  or  the  Eiuhnro  af  m  Rubbtt  ai&sn  trmn 
bk'fiin/:  in,  trniivuM  ij-terlusui ;  i^  lefL  vvtitrlule ; 
r^  rlj^hL  TeiitdeLif ;  ii,  uitrlcLt;  v,  venous  ilnua. 

tt.  Tin?  *attics  Ueurt  wsen  rrom  bclilnfl :  a,  ven* 
«}tiit»h:il»-me^nniEcir  ;  *t,  rlgbt  AuHcle;  f,  hulbua 
aiirtt^^  /  tliL«  six  Kortk  BrchL^s;   <  atri^nu;    A^ 


taehed,  float  in  the  uewly  formed  ca?itv  as  the  fir&t  blood  corpuseTcs.  whilit 

tte  outer  remain  to  constitute  lU  walk 
Fui*  Ml-  por  a  bug  time  after  it  has  dbtinetlr 

conimetit^d  pulsating,  and  is  obviuU!*lT 
exerting  a  coin rac tile  fori^e,  iu*  wall* 
retain  the  cellular  character,  aud  only 
become  musfnilar  by  a  progi^j^ive  hi^ 
tological  transformation.    The  firei  ap- 
pearance of  the  Heart  in  the  Chick  b 
at  about  the  27th  hour  ;  but  the  time 
of  its  formatii>n  in  Mammal  I  ti  hu^  not  | 
been   distinctly   ajficertaioed.      In   \u 
earliest  form,  it  has  the  same  simple 
character  vhich  is  presented  by  the 
central  impelling  cavity  of  the  hm er 
I nvertebrata ;  being  a  mere  prolougeti 
canal,  which  at  it^i  pos^terior  extremity 
receives  the  veins,  and  at  its  auteritjr 
sends  forth  the  arteries.     Abnut  the  I 
15lh-18tb  tiny  in  the  Human  Embryo  it  becomes  doubly  bent  uptm  iuk^lf  | 
(Plate  H,  Pig,  Vi,  d^  ami  Fig.  341,  a,"b),  one  hiop  corresponding  to  the  arte- 
rial, the  other  to  the  venous  portion.     After  this,  two  slight  eulargementi 
(hj  are  observed  in  the  venous  bend  ;  and  the  arterial  bend  se  pa  rales  into 
two  purt^  by  a  hjng  line  of  divi?iinu.     The  two  enlargements  represent  the  I 
auriclei*^  and  receive  the  venLi&  omphalo-njCHaraicffi  ia)^  which  run  outwanUi 
in  the  folds  of  the  Splanchnoplenre.     Above,  they  open  into  the  atrium  \€\ 
which  leads  to  the  right  ventricle  {d\j  and  thi&  again  into  the  bulbus  aortie. 
Tbt:  circulation  is  at  liri^t  carried  on  exactly  upon  the  plan  xvhidi  is  perma- 
nently exhibited  by  Fishes.     The  Aorta  subdivide**  on  cither  side  of  the 
neck  into  three  or  four  arches  (Figs,  340^346,  e^e',  ec**),  which  are  separated 
by  firtsnres  much  resembiing  tho4*e  fornung  the  entrances  to  the  gill  cavitiei 
of  Cartilaginous  Fishes;  and  thei^e  arches  reunite  to  form  the  des4ceDdic| 
aorta,  which  transmits  branches  to  all  part^  of  the  body*     The  vessels  as  well 
as  the  blood-eorpuscles  proceed  from  processes  thrown  out  by  mc^ob lactic 
cellss,  which  unite  to  form  a  prtitoplasraic  network  containing  uuclei  at  ihei 
point  from  which  the  proces?H^s  started.    The  nuclei  muhiply  and  form  nodal  i 
points,  and  those  occupying  the  centre  of  these  nodal  |>*>iuts  become  colored, 
and  consjtilute  the  corpuscles,  whilst  the  outer  ones  remain   imbeilded  itt 
granular  protoplasm  aud  form  the  ve^eUwall,  and  thus  a  network  of  vc&^JiJ 
containing  blood-corpuscles  is  produced  (Foster  aud  Balfour).     Such  \a  the  I 
first  phase  or  aspect  uf  the  Circulating  Apparatus,  which  is  common  f^  ult\ 
Verii^bntta  during  the  earliest  period  of  their  development,  and  which  may, 
therefore,  be  considered  as  its  most  general  form.     It  remains  pernmueut  iai 
the  class  of  Fishes ;  aud  in  them  the  vascular  system  undergoes  furtht^r  de- ' 
velopmeut  on  the  same  type,  a  number  of  uHuute  tufta  being  sent  forth  from 
each  of  the  arches,  which  enter  the  filaments  of  the  gUb,  and  are  thus  >?uli-J 
servient  to  the  aeration  of  the  blood.     In  higher  Vertebrata,  however,  the] 
plan  of  the  circulatiou  is  afterwards  entirely  changed,  a*  will  be  presently  I 
described,  by  the  formation  of  new  cavities  In  the  heart,  aud  by  the  pHKiuc^l 
tion  of  new  vessels;  it  is  incorrect,  therefore,  to  apeak  of  the  vascular  an^bt^  j 
iu  their  necks  as  hranvhiai  arches,  since  no  brancniai  or  gills  are  ever  ilevfl- 
opcd  from  them.     The  defi&  between  them  may  be  very  distinctly  at^n  in 
the  Human  Foetus  towards  the  end  of  the  first  month  ;  during  the  seixjud, 
they  usually  close  up  and  disappear. 

779.  With  the  evolution  of  a  Circulating  apparatus^  adapted  to  ahuorbj 
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nourishment  from  the  store  prepared  for  the  use  of  the  Embryo,  and  to  convey 
it  to  its  different  tissues,  it  becomes  necessary  that  a  Respiratory  apparatus 
■bould  also  be  provided,  for  depurating  the  blood  fn)m  the  carbonic  acid 
with  which  it  becomes  charged  during  the  course  of  its  circulation.  The 
temporary  Respiratory  apparatus  now  to  be  described,  bears  a  strong  resem- 
blance in  its  own  character,  and  especially  in  its  vascular  connections,  to  the 
g^Us  of  the  MoUusca  ;  which  are  prolongations  of  the  external  surface  (usu- 
ally Dear  the  termination  of  the  intestinal  canal),  and  almost  invariably  re- 
ceive their  vessels  from  that  part  of  the  system.  This  apparatus,  which  is 
termed  the  Alktiiioia,  sprouts  forth  from  the  splanchnopleure  close  to  its 
JQDction  with  the  somatopleure,  at  first  as  a  little  mass  of  cells,  which  soon 
exhibits  a  cavity  (probably  originating  in  the  liquefaction  of  the  cells  of  the 
internal  part),  so  that  a  vesicle  is  formed  (Figs.  342,  343,  g),  which  looks  like 


Fio.  842. 


Fio.  313. 


Fto.  842.— Diagram  of  an  early  Human  OTum,  obowiDg  the  Amnion  in  process  of  formation  and  the 
AllftDtola  beginning  to  appear  :  a,  chorion  ;  6,  TftellinK  mass  surrounded  hy  the  blastodermic  resiclo; 
c^  rmbryo ;  d,  e,  and/,  external  and  internal  folds  of  the  serous  layer,  forming  the  amnion ;  p,  incipi- 
•Dt  aUantoia. 

Fig.  848.— Diagram  of  a  Human  Ovum  in  second  month,  showing  the  completion  of  the  sac  of  the 
Amnion,  and  a  fu.ther  development  of  the  Allantois:  a  1,  smooth  portion  of  chorion ;  a  2,  villous 
portion  of  chorion ;  ii;,  ii;,  elongated  villi,  beginning  to  collect  into  Placenta;  6,  vitelline  or  umbilical 
Tcalcle;  e,  embryo ;  /,  amnion  (^inner  layer);  p,  allantois  ;  A,  outer  layer  of  amnion,  coalescing  with 
eborioD. 

a  diverticulum  from  the  lower  part  of  the  digestive  cavity.  The  outer  cells 
are  composed  of  mesoblast,  the  internal  of  hypoblast.  This  vesicle,  in 
Birds,  has  been  shown  by  Vulpian*  to  be  posse&sed  of  a  distinct  contractile 
power,  and  soon  becomes  so  large  as  to  extend  itself  around  the  whole  yolk- 
aac,  intervening  between  it  and  the  membrane  of  the  shell,  and  coming 
through  the  latter  into  relation  with  the  external  air;  but  in  the  embryo  of 
Ifammalia,  the  allantois,  being  early  superseded  by  another  provision  for 
the  aeration  of  the  blood,  seldom  attains  any  considerable  dimensions.  Its 
chief  office  here  is  to  convey  the  vessels  of  the  embryo  to  the  Chorion  ;  and 
its  extent  bears  a  pretty  close  correspondence  with  the  extent  of  surface 
through  which  the  Chorion  comes  into  vascular  connection  with  the  decidua. 
Thus,  in  the  Carnivora,  whase  placenta  extends  like  a  band  around  the 
whole  ovum,  the  allantois  also  lines  nearly  the  whole  inner  surface  of  the 
chorion  ;  on  the  other  hand,  in  Man  and  the  Quadrumana,  whose  placenta  is 
restricted  to  one  spot,  the  allantois  is  small,  and  conveys  the  foetal  vessels  to 
one  portion  only  of  the  chorion.   When  the  vessels  have  reached  the  chorion. 


*  Journ.  dc  la  Physiolugie,  lorn,  i,  p.  619,  et  scq. 
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they  ramify  in  its  substance,  and  send  filaments  into  its  villi ;  and  in  p?^ 
porttoQ  m  these  villi  form  that  connection  with  the  uterine  structure  which 
hm  been  already  describiKi  (S§  752 — 755),  do  the  v^sels  increase  in  siie. 
They  then  pass  directly  from  the  fcBttis  to  the  chorion;  and  the  allantoij^ 
being  no  longer  of  any  use,  shriv^eb  up,  and  remains  as  a  minute  ve^iebi 
only  to  be  detected  by  careful  examination.     The  same  thing  happen.*j  in 
regard  to  the  umbilical  vehicle,  from  which  the  entire  contents  have  been  bj 
thi^  lime  withdrawn  ;  and  from  henceforth  the  fretus  is  completely  depend- 
ent tor  the  materials  of  its  growth  upon  the  suppiy  it  receiver  through  the 
Placenta*  which  h  conducted  to  it  by  the  vessels  of  the  umbilical  cord.    This 
state  of  things  ia  represented  in  Figs.  344*  345,  n  n\  o  o\ — The  Allantoic  m\ 
commoidy  said  to  give  origin  to  the  Uriuary  Bladder ;  but  this  oi^an  i»' 
really  formed  by  an  enlargement  of  the  upper  part  of  the  uro-geuital  sinus  ^ 
(§  787),  with  which  the  allantois  communicates  by  a  duct  which  gradually 
shrivels,  only  a  vestige  of  it  remaining  permanent,  to  form  the  Urachal  or 
BUsj>en54i>ry  ligament  of  the  bladder^  by  which  this  is  connected  with  the 
umbilicus.     Before  this  tak^  place,  however,  the  Allautoij  is  the  receptacle 
for  the  secretion  of  the  Corpora  Wolffiana,  and  also  for  that  of  the  true 
Kidneys,  when  they  are  formed. 

780/  It  will  be  seen  from  the  succeeding  diagram*  that  the  Amnion  formi^ 
a  kind  of  tubular  sheath  around  the  umbilical  conl;  it  is  continuous  at  iht  i 
umbilluus  with  the  integument  of  the  ftetua;  and  at  the  point  where  the  cord 
enters  the  placenta,  it  is  reflected  over  its  internal  or  foetal  surface.     It  thi 
forms  a  shut  sae,  resembling  that  of  the  pleura,  arachnoidp  etc,  j  aod  it  con-  ^ 
tains  a  fluid  known  as  the  liquor  (imnii^  which  consists  of  water  holding  ia 
solution  a  small  quantity  of  casein,  creatin,  lactic  acid,  grape  is^ngar/  and 
saline  matter,  and  resembles,  therefore,  very  diluted  serum.     During  the 
first  two  montliss  of  gestation,  the  amnion  and  the  inner  lining  of  the  chorion 
{which  is  really  the  reflected  layer  of  the  amnion,  Fig.  343^  h,  just  a*  ih© 
lining  of  the  abdominal  cavity  is  formed  by  the  lierituneum)  are  st?jmnii4L4 
by  a  gelatinous-looking  substance;  which  probably  aids  in  the  nutrition  ufi 
the  embryo,  previously  to  the  fiirmation  of  the  placenta.     This  is  ab^i^jrbttl 
during  the  second  month;  and  the  amnion  is  then  found  immediately  lie- 
neat  h  the  chorion.— In  the  Umbilical  Cord^  when  it  is  completely  funiied, , 
the  following  parts  may  be  traced.     1.  The  tubular  sheath  atf*orded  by  ihe 
Amnion.     2.   The  Umbilical  Vesicle  (Fig.  344,  t}^  with  its  pedicle,  or  vit**!* 
line  duct.     3,  The  Va?a  Omphalo  Mei^araica  (q,  r),  oc  mesenteric  ve^ssels  of  j 
the  embryo,  by  which  the  yolk  wa^  absorbed  into  its  body;  tiies*^  accommttf  ' 
the  pedicle.     4.  The  Urachus,  and  remains  of  the  Allan  tola.     5,  The  Va^a 
UrabilicaUa  in  n,  f>),  which  in  the  latter  period  of  gestation,  cunstitute  the  i 
chief  part  of  the  CorI.     These  last  vessels  amsist  in  Man  of  two  arteries  and  1 
one  vein.    The  arteries  are  the  main  branches  of  the  Hypogastric;  and  ihi^v 
convey  to  the  placenta  the  blocjd  which  ha^^  to  be  aerat^,  and  otherwi4j 
revivified,  by  being  brought  into  relation  with  that  of  the  mother*     TbtJ 
vein   returns  this  to  the  loatus,  and  discharges  a  part  of  it  into  tlie  VeaAl 
Port^p  and  a  part  directly  through  the  Ductus  Venoaua  into  the  VcnaJ 
Cava. 

7i5L  A  change  in  the  type  of  the  Circulating  system  of  the  f*Ktuii,  fromj 
that  at  first  presented  by  it  (S  777 )^  takes  place  at  a  very  early  period,  B^\ 
tween  the  fourth  and  eighth  week  the  venous  portion  of  the  heart  beromf 
much  enlarged  I  and  a  septum  begins  to  be  forned  which  gradually  divided^ 
the  single  ventricular  cavity  into  two,  the  separation  being  completed  at  thfi  ' 
seventh  week.     The  septum  of  the  auricles  commence  in  the  eighth  week, 
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bat  remains  incoroplete  throughout  the  whole  of  foetal  life,  the  opening 
being  termed  the  foramen  ovale.  Contemporaneously  with  the  formation 
of  these  septa,  a  transformation  occurs  in  the  arrangement  of  the  Arterial 
trunks  proceeding  from  the  heart,  which  ends  in  their  assumption  of  the  form 
tbey  present  until  the  end  of  Foetal  life ;  and  this  undergoes  but  a  slight 
alteration,  when  the  plan  of  the  circulation  is  changed  at  the  moment  of  the 


Fio.  344. 


Fio.  345. 


Fio.  344.— Diagram  of  the  CircnlatioD  in  the  Human  Embryo  and  its  Appendages,  as  seen  in  profile 
ftom  the  right  side,  at  the  commencement  uf  the  formation  of  the  Placenta. 

Fio.  345.— The  same,  as  seen  from  the  front:  a,  venous  sinus,  receiving  all  the  systemic  veins;  6, 
right  auricle ;  b\  left  auricle ;  e,  right  ventricle ;  e\  left  ventricle ;  d,  bulbus  aorticus ;  subdividing  Into 
«,  «',  «^,  branchial  arches ;  /./,  arterial  trunkn  formed  by  their  confluence ;  g,  ^,  vena  aiygos  superior ; 
A,  h\  confluence  of  the  superior  and  inferior  azygos ;  j,  vena  cava  inferior ;  k,  if,  vena  azygoe  inferior ;  m, 
deacending  aorta ;  n,  n,  umbilical  arteries  proceeding  from  it :  o',  o,  umbilical  veins ;  q,  omphalo-mesaralc 
rein  ;  r,  omphalo-mesaralc  artery,  distributed  on  the  walls  of  the  vitelline  vesicle,  t;  v,  ductus  venosus; 
y,  vitelline  duct ;  s,  chorion. 


first  inspiration.  The  number  of  aortic  arches  on  each  side,  which  was  five 
at  first,  soon  becomes  reduced  in  the  Mammalia  to  three,  by  the  obliteration 
of  the  two  highest  pairs.  The  Bulbus  Aorticus  is  subdivided  by  the  adhe- 
sion of  its  walls  at  opposite  points  into  two  tubes,  of  which  one  becomes  the 
origin  of  the  aorta,  and  the  other  that  of  the  pulmonary  artery,  and  of  the 
three  remaining  pairs  of  vascular  (branchial)  arches,  the  third,  being  con- 
nected with  the  aortic  trunk,  contributes,  with  portions  of  the  two  highest 
pairs,  to  the  formation  of  the  external  and  internal  carotid  arteries ;  whilst 
of  the  second  pair,  the  arch  on  the  right  side  forms  the  innominate  and  the 
banning  of  the  right  subclavian,  and  the  other  becomes  the  arch  of  the 
aorta,  and  contributes  to  form  the  left  subclavian.  The  lowest  pair  is  en- 
tirely obliterated  on  the  right  side.  On  the  left,  it  gives  off  the  pulmonary 
artery,  and  remains  throughout  foetal  life  in  communication  with  the  aorta. 
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as  the  Ductus  Arteriosus.* — A  knowledge  of  these  differeDt  sta^  ia  thede 
velopment  of  the  Heart  and  Arterial  system  enables  us  to  explain  manj  of 
the  malformations  which  they  occasionally  present  in  Man  ;  these  being  for 
the  most  part  due  to  arrest  of  development,  whereby  the  circulating  ap|a- 
ratus  is  permanently  fixed  in  conditions  that  are  properly  characteri«tic  of 
cold-blooded  animals.  And  it  is  interesting  to  remark,  too,  that  the  Tirie- 
ties  which  not  unfrequently  present  themselves  in  the  arrangement  of  tbe 


1.  Truucas  arteriosus,  with  oDe  pair  of  aortic  arches,  and  dotted  outlines  indicating  tbe  ftitnre^-a- 
tiun  uf  the  second  and  third  pairs.  2.  Tnincus  arteriosus,  with  four  pairs  of  aortic  arrhts  and  iftias* 
tiuns  of  the  flAh.  3.  Truncus  arteriusus,  with  tht>  three  posterior  pairs  uf  aortic  arches.  fn«  vkvk 
the  permanent  reMi'ls  of  the  embryo  are  di-veloped,  with  dotted  outlines  shoving  the  positi  'B  "f  ihi 
two  (now)  obliterated  anterior  arches.  4.  Permanent  arterial  trunks  in  their  primitiTe  fonn.Tb«"^ 
literatei  portions  still  shown  in  dotted  outline.  1-5.  Primitire  aortic  archtv;  a«  aorta:  p,  pals-jain 
artery :  p',  p'\  branches  to  the  lun.'S ;  oir',  root  of  thoracic  aorta  {ad\  on  left  ]«ide ;  or,  obliteralvd  ml 
springing  from  right  side;  «',«'',  subclavian  artery:  r,  vertebral;  ax.  axillary;  e.  commao  camrU:^. 
external  carotid ;  c".  internal  carotid.  In  the  chick  the  part  t^  has  been  obvenrrd  lo  atn»phj.  ihi 
vessel  c  becoming  the  external,  and  c'  the  internal  carotid  artery. 

principal  trunks  gi%'cn  off  from  the  Aorta,  find  their  analogues  in  ih« 
arrangements  that  are  normally  chaniotoristic  of  some  one  or  other  «»f  liw 
Mammalia. 

782.  The  Ve^muf^  system  of  the  body  generally  underg«>es  change?  whi'h 
are  even  more  remarkable  than  those  of  the  arterial  trunks.  In  its  earlir^; 
condition,  it  has  been  ascertained  by  Rathke*  to  present  essentially  tbesime 
type  in  the  embryos  of  all  Vertebnited  animals ;  the  ])ecu]iarities  of  tarli 
group  being  acquired  by  a  process  of  subsequent  transformation.  ThtTf  i* 
at  first  a  pair  of  anterior  venous  trunks  (Figs.  344,  345,  y,  jr' •,  re<.*%riviD2 
the  blood  from  the  head,  and  a  pair  of  po.<terior  trunks  </•,  X*  •,  fonu^  br 
the  confluence  of  the  veins  of  the  trunk,  of  the  Wolffian  bo<lies,  etc.;  liw 
former  are  persistent  as  the  jugular  veins;  the  latter  remain  soparate  ia 
most  Fishes,  where  they  are  designated  the  cardinal  veins ;  but  in  Mau  « 
in  warm-blooded  Vertebrata  generally),  they  are  only  repros^?nled  br  ib* 
vemr  azi/f/Oi*,  major  and  minor,'  which  coalesce  into  a  common  trunk  fort 
eonsidenible  part  of  their  length.  One  of  the  anterior  trunks  and  i>o»r.«f 
the  posterior  unite  on  either  side,  to  form  a  canal  which  is  known  a5ib« 
Ductus  Cus'ieri ;  and  the  ducts  of  the  two  sides  coales<*e  to  form  a  *h«»rtcf 
main  canal,  which  enters  the  auricle,  at  that  time  an  undivideti  tmviiy. 
This  common  canal  is  absorbed  into  the  auricle  at  an  early  period,  in  iJ 
Vertebnita  above  Fishes;  and  after  the  septum  auriculoruni  is  fomietl,  lb* 
two  Cuvierian  ducts  separately  enter  the  right  auricle.  This  arranj!tni«t 
is  persistent  in  Birds  and  the  inferior  Mammals,  in  which  we  tin<l  two  Vtiut 

■   Kollikcr,  Enlwickolunusirosthichto  dos  Mt'n-ich**!!,  p   400. 

'  UrbtT  (l«n  Hmu  unci  die  Kntwickeluiii;  drs  V<'in.*n:»y^ti'm*  (h»r  AVirb^Iibiorv.  IsS. 

'  .Sre  MulKr'jj  VergU'ichviide  Anatoinie  drr  Myxinoideii,  BtTlin,  l^-IO. 
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Cavse  superiores,  entering  the  right  auricle  separately ;  but  in  the  higher 
Mammalia  and  in  Man,  the  left  duct  is  obliterated,  and  the  right  alone  re- 
mains as  the  single  Vena  Cava  superior,  a  transverse  communicating  branch 
being  formed,  to  bring  to  it  the  blood  of  the  left  side.^  The  double  Vena 
Cava  sometimes  presents  itself  as  a  monstrosity  in  the  Human  subject.  As 
the  anterior  extremities  are  developed,  the  subclavian  veins  are  formed  to 
return  the  blood  from  them;  and  these  discharge  themselves  into  the  jug- 
ulars. The  Omphalo-mesaraic  vein  (Fig.  344,  7),  which  has  been  already 
(§  776)  shown  to  be  formed  by  the  confluence  of  the  veins  of  the  yolk-bag 
and  intestinal  canal,  passes  by  itself,  with  the  two  Cuvierian  ducts,  into  the 
auricle.  The  upper  part  of  this  remains  to  constitute  the  upper  part  of  the 
Inferior  Cava  (Figs.  344,  345,  j*),  the  lower  portion  of  which  arises  between 
the  Wolffian  bodies,  and  originally  enters  the  omphalo-mesenteric  vein 
above  the  liver.  The  Inferior  Cava,  which  receives  the  hepatic  vein,  is 
gradually  enlarged  by  the  reception  of  most  of  the  veins  from  the  inferior 
part  of  the  trunk  and  the  lower  extremities,  and  the  Vena  Azygos  is  re- 
daced  in  the  same  proportion ;  in  some  rare  cases  of  abnormal  formation, 
however,  the  vena  cava  fails  to  be  developed,  and  then  the  blood  from  the 
lower  parts  of  the  body  is  conveyed  to  the  superior  cava  through  the  system 
of  the  vena  azygos. 

783.  The  following  is  the  course  of  the  Circulation  in  the  mature  Foetus. 
The  fluid  brought  from  the  Placenta  by  the  umbilical  vein,  is  partly  con- 
veyed at  once  to  the  ascending  Cava  by  means  of  the  ductus  venosus,  but 
chiefly  flows  through  the  vena  portse  into  the  Liver,  whence  it  reaches  the 
ascending  Cava  bv  the  hepatic  vein.  Having  thus  been  transmitted  through 
the  great  depurating  organ,  the  Placenta,  and  the  great  assimilating  organ, 
the  Liver,'  it  is  in  the  condition  of  arterial  blood  ;  but,  being  mixed  in  the 
great  vessels  with  that  which  has  been  returned  from  the  trunk  and  lower 
extremities,  it  loses  this  character  in  some  degree  by  the  time  that  it  arrives 
at  the  Heart.  In  the  right  auricle,  which  it  then  enters,  it  would  be  also 
mixed  with  the  venous  blood  brouglit  thither  by  the  descending  Cava ;  were 
it  not  that  a  very  curious  provision  exists  to  prevent  (in  great  degree,  if  not 
entirely)  any  such  further  dilution.  The  Eustachian  valve  has  been  found, 
by  the  experiments  of  Dr.  J.  Reid,'  to  serve  the  purpose  of  directing  the 
arterial  blood,  which  flows  upwards  from  the  uAcending  Cava,  through  the 
foramen  ovale  into  the  left  auricle,  whence  it  passes  into  the  left  ventricle; 
whilst  it  al^  directs  the  venom  blood,  that  has  been  returned  by  the  descend' 
big  Cava,  into  the  right  ventricle.  When  the  ventricles  contract,  the  arte- 
rial blood  which  the  left  contains  is  propelled  into  the  ascending  Aorta,  and 
supplies  the  branches  that  proceed  to  the  head  and  upper  extremities,  before 
it  undergoes  any  admixture ;  whilst  of  the  venous  blood  contained  in  the 
right  ventricle,  part  is  transmitted  by  the  Pulmonary  artery  to  the  lungs, 
but  another  (and  probably  by  far  the  larger)  part  finds  its  way  through  the 
Ductus  Arteriosus  into  the  descending  Aorta,  mingling  with  the  arterial 
current  which  that  vessel  previously  conveyed,  and  passing  thus  to  the 
trunk  and  lower  extremities.     Hence  the  head  and  superior  extremities, 


*  See  tbo  plaborate  Memoirs,  On  the  Development  of  the  Great  Anterior  Veins  of 
Man  and  Manmnnlia  (Phil.  Tran.-*.,  18.")  >),  by  Mr.  J.  Marshall;  who  has  further  shown 
that  some  vestiges  of  the  orii^inal  arnmirement  may  be  traced  even  in  Iho  normal 
Dondition  of  the  venous  j»ysteni  in  the  adult 

'  It  d<H»8  not  Sfeni  probable  thnt  the  depu rati ncj  action  of  the  Liver  can  he  enor- 
petically  performed  during  fcetal  life;  and  its  large  dimenttions  and  copious  supply  of 
bl<K>d  appear  rather  to  be  referable  to  its  function  as  a  blood-making  gland. 

•  Edinb  Med.  and  Surg.  Journal,  vol.  xliii;  and  Anat.,  Physiol.,  and  Pathol. 
BcM^rches,  chap.  ix. 
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irtose  ilevelnpmeut  U  required  to  be  iu  aJvnnce  kmtT  m 

applied  with  blood  nearly  as  pure  m  i\n%i  wbich  r  ■  i«*  |iL»tvjia, 

whiUt  thv   real   tit    ihe   b<Kiy  nrrnrri  % 

^'**'**^*  mixtiirc  of  this  with  wLai  tsjki  [irrTx». 

^  jl        1^^  ly  circulated    ctirough   the  i;*«tien;  iiA 

""  of  tills  tuixtufe  a  pyrtititi  u  Uiifliminrf 

to   the    placenta,    tu    be    reiuiiratiil  hf 

coming  into  t^Utiou  with  the  nAiavt 


t 


u 


I2K    3.1 

1*1-*  (4,  4  I 

*|iictu!i  ytnt<«n»,  witirii  f-ni 

llui^,  Aiiil  uuldlii^  »ilb  ^: 
Thu  figlil  AuHr^li^;  IHm  r 
hj  ibti   Rffow   r 

bo  lUtf  »nh  tii  t ;.,   ,.  ^>-..^  f^mfl 

iUr  lj<r3Drhf>«i  Kit^Ti  Nat  Ml 

ri'tiiru  irif  iH^  bliKxl  ffiLki  lIiv  L%-mti  ^lh^  r^v 

ttt:M  thr«r1ieh  Il>r  jUifultr  tfitj   »uta.'UtiAU   ^ 
fUt^TJur  renm  i'^*h  i  lid,  to  tbt."  ruiriil  •unri# 

iWi,     tt»      Jhl-      r    -f^^ ^*  rt      rv       ,1,  '       til*     - 

©f  the  piilmoF'  !  * 

(luFtO*  l^rtrri^JkttJ   JclJtitt    ILiri    i>1«-i»r«  mtlnf^   • 

wlilfh  dlvliii-*  Into  lln*  • 
lKt«  fpt^fdttl  Uliiiiu«)Jtcli  I 

til.  .''9\«UA«i 

nvu.. *     t^Mmmm 

lUv  U'  f  111 (nm Inn  of  1 1 >  tte fvfvti  «iat 

rvnuuK  blood  luf  llir  '  '                         ..or  catiu 


fluid^ — At  birtb  the  course  of  the  current  b  entirely  dmnp^rl  br  ibeeeat^ 
tion  of  the  cireuktion  through  the  Plarentti,  uutl  by  [  nota  iocunm 

in  the  quiiDtity  transmitied  to  the  Lu ng^^,  \vhi<*li  tuke^  |  irt^ikteJy^ft 

the  first  inspiration:  the  Ductus  Venosusuud  Ductiif  Artt?ri»te^us  **iofj  «knfd 
into  ligamenti*:  the  Foramen  Ovale  b<*conifJ3  clo!*ed  by  il*  vsiK'-  *t^7  ilt 
circulation  which  was  before  carried  ou  up<jn  the  plan  of  that  i  « 

Rpptile:^,  now  becomes  that  of  the  complete  Bird  or  Mammal.'  o# 

mean.*  un frequent,  however,  for  some  arrest  of  developmvnt  t'  it 

completion  of  these  changes;  and  various  malformali on.*,  "  j  an  i^p 

j>ertect  discharge  of  the  function,  may  hence  result.    From  '  ile»cri^ 

tion  it  i»  obviouTi  that  the  chief  propelling  p<)wer  in     !  u  of  til 

Fret  us  is  the  right  heart;  the  force  of  the  left  heart  '  -pmt  ■ 

propel] ing^  a  due  supjilj  of  blood  to  the  head  and  v.  '  ia 

interesting  observation  of  Lani^er'^  is  in  accord  at  m 

phowu  that  the  walls  of  the  right  ventritjie  in  the  J  ^ 

of  the  lert,  whilst  thf>€ie  of  the  right  auricle  are  ev  ^ 

1  For  tMiii?^  of  dmure  cif  the  Duetat  ArieriijfrU,  *w  Walkhof ,  U»f»U  aod 
Zoli^chrift,  Bd.  xxxvK  p   109. 
>  Ziif  AnHtiitiiiu  diit  Fdtalen  KreUlaaf(»rgaiie«  ZelU,  dar  6«mIL  d.  Wi*«tiiHif 
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cular  than  those  of  the  left  auricle.  This  condition  lasts  for  some  days  after 
birth,  when  the  left  heart  gradually  attains  the  superiority  in  thickness 
which  b  usual  in  adults. 

784.  The  Alimentary  Caned  has  been  shown  (§  777)  to  have  its  origin  in 
the  blastodermic  vesicle  ;  being  a  portion  pinched  off  (as  it  were)  by  the  in- 
folding of  the  splanchnopleure  from  that  part  of  it  which  ia  just  beneath  the 
spinal  column  of  the  embryo,  whilst  the  remainder,  which  is  at  that  time  the 
largest  part  of  it,  forms  the  vitelline  or  umbilical  vesicle.  In  its  earliest 
form  it  IS  merely  part  of  a  long  narrow  tube  (Fig.  348,  m),  nearly  straight, 

Fio.  848. 


Enibrjo  of  Dog,  25  days  after  last  copulation  :  a,  a,  nostrils ;  b,  b,  eyes ;  c,  c,  first  visceral  arches,  form- 
ing the  lower  jarnr ;  d,  e(,  second  Ti^tccral  arches ;  0,  right  auricle ;  /,  left  auricle  ;  g,  right  ventricle ;  A,  left 
Teotricle;  i, aortic  bulb;  i,  *, liver,  between  the  two  lobes  of  which  is  seen  the  divided  orifice  of  the 
mnphmlo-niesenteric  vein;  /.stomach;  m,  intestine,  communicating  with  the  umbilical  vesicle  n,n; 
«,  0,  oorpora  Wolffiana;  p,  allantols;  q,  9,  anterior  extremities ;  r,  r,  posterior  extremities. 

and  communicating  with  the  umbilical  vesicle  (n,  n)  at  about  the  middle 
of  its  length  ;  thus  it  may  be  regarded  as  composed  of  the  union  of  two  divi- 
sions, an  upper  and  a  lower.  At  first,  neither  mouth  nor  anus  exists;  but 
thepe  are  formed  early  in  the  second  month,  if  not  before.  The  tube  gradu- 
ally manifests  a  distinction  into  its  special  parts,  oesophagus,  stomach,  small 
intestine,  and  large  intestine;  and  the  first  change  in  its  position  occurs  in 
the  stomach,  which,  originally  disposed  in  the  line  of  the  body,  afterwards 
takes  an  oblique  direction.  The  curves  of  the  large  and  small  intestine  pre- 
sent themselves  at  a  later  period.  It  is  at  the  lower  part  of  the  small  intes- 
tine, near  its  termination  in  the  large,  that  the  entrance  of  the  vitelline  duct 
persists;  and  a  remnant  of  this  canal  is  not  unfrequently  preserved  through- 
out life,  in  the  form  of  a  small  pouch  or  diverticulum  from  that  part  of  the 
intestine. 

785.  In  immediate  connection  with  the  intestinal  tube,  we  find  the  first 
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rudiments  of  the  Livef\  which  is  forme<3  in  ihe  chick  at  stxiyt  ih^  ♦V^tls  k**:* 
of  irK'ubutum  hy  the  thickeniDg  of  the  meso-  mtd  hv|»ohla^!ir    ->  i'-    r  !^ 
wnll  rtf  Uit'  ihiojeniim,  at  the  ejKit  at  which  the  hepatic  du* 
to  discharge  ita€*lf.    Thin  thicke&ing  (Fig.  349),  which  ii^  - ,  ^ 


Fir,.  !tf». 


Orlf^ln  of  the  Urer  fram  Ihr  kii^^lliift]  witl.  111  Ib^  embryo  of  I  be  Fovt,  «in  tl^  ivRthJif  «f  iMiAfr 

lion  :  a,  litriirt;  6,  Tnti-atliie;  <",  ev«ri^  ^rtioo  glHng'  Qti^n  U*  lirrr;  <  tlv#r;  «,  yiipilx  «f  vtt^to 

behiud  the  heart,  s^ion  presents  two  diverticula  ^-hich  emhmce  tkt  witB 
ventK^us  or  united  trunk  of  the  omphalo-mc^raic  reioa^  wbicb,  a«  it  fttm 
between  ihern,  exhibits  uumemus  ^mali  btilgiiigs.  Towards  the  taiUfh 
third  day,  according  to  Foster  and  Balfour,  there  mav  be  ubserfed  titii 
greatly  thickenal  mt-sob!aijlic  investment  of  each  diiwticalum  m  niiAhirtf 
&oIid  cylindrical  masses  of  celU  which  are  apparently  out-  '  'n»  ibi 
livixjblust  of  the  divf*rtiCulunL     These  uuite  and  torio  a  t*t :  1:^  BM^^ 

blast  contained  in  the  meshes  becoming  at  the  t^ame  limt?  lar^vU  Lvafffld 
into  l»Ioodve34fcls.  In  addition  to  thi^  network  of  t*olid  hvjtf'^ltln^iccylWif^ 
the  diverticula  also  send  out  holkm  proeeascs*^  lined  wIt  ;iM,    0»4i 

fourth  day,  the  two  nia^es  ruect  bi^neaih  the  meatu.^  Hit  Ufi^ 

vessels  of  the  njcsoblast  enter  iuto  coniniuuiraticm  with  the  mraitttJ  him^ 
**  It  may  i?oon  be  ob^rvcd  that  iu  thoffC  ves2?els  whirh  un  -  ojirj'-<f-l  nilhl^ 
posterior  part  of  the  liver  the  stream  of  blood  i^  dir  tmaim 

xeuoiiUi  into  the  network  of  the  liver     In  thos^  conmx.,  -  :iiitmr 

part  the  reverse  is  the  ca^s  here  the  bloiid  flows  frtmi  ;  idltCte 

meatus  vcnosus.     The  thick  network  of  solid  cy linden  rcpr  l>*p^ 

parenchyma  of  the  adult  liver,  while  the  hollow  pnioes^e^  "Otiniii 

are  the  rudiments  of  the  biliary  dncL^."  (Foster  and   T^  '  A*  thif» 

going  on,  the  hepiitic  nia^s  i;^  ^jrudiiiilly  removed  to  a  -l  njm  iht  «sll 

of  the  alimentary  canaf ;  aiid  the  ciiecom  h  narn>wud  ana  ■d.fti* 

to  become  a  mere  conneetiog  (>edifde,  formings  in  fact,  iht*  n.  .k  of  lit 

hepatic  duct, — In  the  Human  embryo,  the  formatiun  of  the  ItiViir  bcfiAitt 
about  the  third  week  of  intrautcrioe  exisitcnce;  the  onmn  t-  frrtm  lbeir4 
of  very  large  size,  when  compared  with  that  of  the  bf^  Te«a  tl* 

third  and  fifth  weeks?^  it  u  one-half  the  weight  t^f  the  y  ,     It  li 

at  that  period  divided  into  several  lobc-^.    By  the  thinl  lunar  ibelitfr 

extends  nearly  to  the  pelviii,  and  almost  fills  the  abdomen  ;  1 1  ^  Miklio* 
begins  to  gain  upon  the  left:  the  gallbladder  miik<^  itf  fir^t  Appraniittit 
this  time.  The  subsequent  ehangt^  chietly  consist  in  ih**  ccin-^-TI  ?«t:,inif 
the  vbcus,  aad  the  diminution  of  its  proportional  siati*.     Up  tu  '  ^ 

birth,  however,  the  bulk  of  tht  livtr,  relatively  to  that  of  ih^ 
18  much  greater  than  in  the  adult;  the  proportion  Mn^  a?j  1  t 
the  newborn  child,  whilst  it  m  about  1  to  M  in  the  adult;  m  '  - 
between  the  right  and  left  loba*  is  still  iuconsidfmblis-  ^ 

year  of  extrauterine  life,  however,  &  great  change  takes  platv ;  t 
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lc»be  increases  a  little  or  remains  stationary,  whilst  the  left  lohe  undergoes 
an  absolute  diminution,  being  reduced  nearlv  one-half;  and  as,  during  the 
sanie  period,  the  bulk  of  the  rest  of  the  body  has  been  rapidly  increasing, 
the  proportion  is  much  more  reduced  during  that  period,  than  in  any  sub- 
Kquent  one  of  the  same  length.  According  to  Meckel,  the  liver  of  the 
newly-born  infant  weighs  one-fourth  heavier  than  that  of  a  child  eight  or 
ten  months  old  ;  and  as  the  weight  of  the  whole  body  is  more  than  doubled 
during  the  same  time,  it  is  obvious  that  the  change  in  the  proportion  of  the 
two  must  be  principally  effected  at  this  epoch.  The  liver  seems  to  be 
engaged  during  foetal  life,  in  the  depuration  of  the  blood  (as  appears  from 
the  acumulation  of  mecoymim^  which  is  chiefly  altered  bile,  in  the  intestinal 
canal  at  birth) ;  but  at  the  .«ame  time  it  is  serving  as  a  blood-making  organ, 
containing  many  free  nuclei  and  protoplasmic  masses,*  and  this  is  probably 
its  principal  function  before  birth.  The  general  history  which  has  just  been 
given  of  the  development  of  the  Liver,  seems  equally  applicable  to  the 
other  glands  that  are  evolved  from  the  mesoblast  and  hypoblast  forming  the 
parietes  of  the  Alimentary  canal,  such  as  the  Salivary  ghinda  and  Pancreas;* 
since  they  all  seem  to  commence  in  little  masses  of  cells,  formed  by  an  in- 
creased development,  at  certain  spits,  of  the  layers  of  blastema  which  origin- 
ally constituted  its  wall ;  and  whilst  the  cells  of  the  me:<oblast  give  origin  to 
the  proper  vesicles  of  each  gland,  its  ducts  and  tpbuli,  those  of  the  hypo- 
blast form  their  epithelial  lining. — The  development  of  the  Spleeji  and  of 
the  S/\iprarenaly  Thymus,  and  Thyroid  bodies,  lias  been  already  described 
(f§  215,  217,  220). 

786.  The  Lungs  are  also  developed  from  the  mesoblast  in  immediate  re- 
lation with  the  upper  part  of  the  Alimentary  canal,  their  first  rudiments 
shooting  forth  as  a  pair  of  budlike  processes  (Fig.  350,  a)  from  the  under  or 
anterior  surface  of  the  (esophageal  portion.  These  were  originally  and  cor- 
rectly described  by  Von  Bar  as  hollow, 

and  as  being  in  reality  diverticula  from  .*'*"•  ^''^^ 

the  tube  itself.  They  gradually  in- 
crease in  size,  extending  downwards 
by  the  multiplication  of  their  compo- 
nent cells  in  that  direction  ;  and  their 
cavities  at  first  communicate  with  the 
pharynx  by  separate  apertures ;  these, 
nowever,  as  the  channels  are  elongated 

\ntn  tiihpfl  PnalMPP  fn  fi^rm  thp  trftT'hpii  ^'"*  app.'arance  of  the  Lungs:  a,  In  a  Fowl  at 

into  tubes. coalesce  to  lorm  tne  trac  nea,       f„„r  d«y,;  /,,  i„  a  FowI  at  six  days  ;  c,  termina- 

and  the  pulmonary  organs  become  re-     tiuu  of  bronchus  lu  a  very  young  rig. 
moved  to  a  distance  from  their  point 

of  exit  (Fig.  350,  6). — The  first  api>earance  of  the  Lungs  in  the  Chick  takes 
place  towards  the  close  of  the  third  day,  and  in  the  Human  embryo  at  about 
the  sixth  week.  Their  surface  soon  becomes  studded  with  numerous  little 
wartlike  projections,  which  are  caused  by  the  formation  of  corresponding 
enlai^ments  of  their  cavity  ;  these  enlargements  soon  become  prolonged, 
and  develop  corresponding  budlike  enlargements  from  their  sides;  and  in 
this  manner  the  form  of  the  organs  is  gradually  changed,  a  progressive  in- 
crease in  their  bulk  taking  place  from  above  downwards,  in  consequence  of 
the  extension  of  the  bronchial  ramifications  of  the  single  tube  at  the  apex. 
At  the  same  time,  however,  a  corresponding  increase  in  the  amount  of  the 
parenchymatous  tissue  of  the  lung  is  taking  place ;  for  this  is  deposited  in 
all  the  interstices  between  the  bronchial  ramifications,  and  might  be  com- 

>  Schenk,  CentrHlhlnlt,  18«)9,  p.  H«5. 

•  See  Schenk,  Anal.  IMiys.  Unlorsuch.,  Wien,  1872.  Abstract  in  Ccntralblatt,  1873, 
p.  So. 
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With  the  stiil  filling  up  the  spacer  amongst  the  rtxHi  of  a  tree.  It  m 
ID  thb  parenchyma  that  the  pulmonary  veissiel!?  are  distributed  ;  and  the  pof- 
tion  of  it  which  extends  beyond  the  temnoatioo^  of  the  bronchial  tube^,  m^m» 
to  act  m  the  nidus  ibr  their  further  esc  tension.  It  can  be  easily  f-hown  thil, 
up  to  a  late  period  of  the  development  of  the  lunga  the  dilates!  terniinstioiiv 
of  the  bronchi  coDgtitute  the  only  air-cells  (Fig,  3*50,  e) ;  but,  an  alnsady 
nientioned,  the  parcncbyma  guh^equently  has  additional  cavities  fomied 
witbia  h. — It  is  a  fact  of  f*ome  interest  m  an  example  of  the  tendency  of 
certain  dijseaseil  conditions  to  produce  a  return  to  forms  which  arc  lialuml 
to  the  fetal  organism,  or  which  present  themselves  in  other  animals,  that  up 
to  a  late  tieriod  in  the  development  of  the  Human  Embryo,  the  lungs  do 
not  nearly  fill  the  cavity  of  the  chest,  and  the  pleura  of  each  side  eon  tains 
a  good  dt^al  of  serous  fluid. 

767,  The  embryological  development  of  the  Uruiajy  organs  J«  Verte- 
bra ted  animals  is  a  subject  of  peculiar  intere?t ;  owing  lo  the  correspondence 
which  may  be  traced  between  the  transitory  forms  tbey  present  in  the  bitrher 
classes,  and  their  permanent  condition  in  the  lower.  In  tbts  respect,  there 
h  an  evident  analogy  with  the  Respiratory  sy^item.  The  fin^t  apfieamuce  of 
anythiirg  resembling  a  Urinary  apparatus  in  the  Chick,  h  seen  toward*  the 
close  of  the  second  day  in  the  form  of  a  group  of  c-ells  projeeting  on  either 
side  from  the  mass  of  uncleft  mesoblast  on  the  outside  of  the  protuverti^bne 
into  the  somewhat  triangular  space  formed  by  the  epiblnst  above,  the  up^ier 
and  outer  angle  of  the  proto vertebras  on  the  inside,  and  the  mesoblast  on  the 
outside.  In  consequence  of  the  cells  assuming  a  radiated  arrangement  and 
B^parating  at  their  common  point  of  junction,  a  canal  closed  antcnr>Hy  is 
formed,  wTiieh  extends  from  about  the  fifth  proto vertebra  towards  the  poiU-rior 
extremity  of  the  embryo,  and  quickly  descends  towards  the  pleu  rojjeritnni^iil 
cavity.  On  the  eeeoud  half  of  the  third  day  the  duct  apjiears  as  a  Umg 
canal,  extending  on  each  side  of  the  spinal  column,  from  the  region  of  the 
heart,  towards  the  allantols  (Fig*  348 »  u,  o,  seen  also  in  tmnsvers^^  sect  too 

in  Fig*  334^  f^^ff^)  I  on  the  sides  of  this  nn*  a 
Fw,  351.  series  of  elevations  and  depres?iions,  indieativf  nt 

the  incipient  development  of  cjeea*  On  the 
fourth  day,  the  Corpora  WQiffiana,  as  tbey  are 
then  termed,  arc  distinetlv  recognised  ns'cf im- 
posed of  a  series  of  cietml  appendages?,  clearly 
developed  fn>ni  the  middle  lamina  of  the  bla*to- 
dermic  vesicle  (Fig.  334),  which  are  attaith<?d 
along  the  whole  course  of  the  first  mcntioneil 
canaX  opening  into  its  outer  side  (Fig,  351,  '*)^ 
On  the  fifth  day  thcs^  appendages  are  convoluted* 
and  the  body  which  they  form  aciiuires  increased 
breadth  and  thickness;  they  evidently  then  pos- 
sess a  secreting  function,  and  the  duid  which 
they  separate  is  jwiui-ed  by  their  long  straight 
canals  (bj  b)  into  the  two  horns  of  the  cluat-a; 
and  between  their  component  shut  sac«  numben 
of  small  pcMuts  appear,  which  coofliBt  of  lltllf 
cluftsters  of  eonvolut^l  vessels,  exactly  analc^mia 
to  the  CVjrpora  Malpighiana  of  the  true  kidney. 
These  bodies  remain  as  the  jjennauent  urinarf 
organe  of  Fishes  ;  but  in  the  higher  Vertebral* 
tbey  give  place  to  the  true  Kidneys,  the  development  of  which  commencsefl 
in  the  Chick  about  the  sixth  day.  The  first  part  of  these  bodies  to  be  formed 
k  their  duct  or  ureter,  which  begins  to  appear  about  the  ^0-1 00th  hour,  ami 


Stmte  of  the  Urf  pury  und  G«iii- 
taJ  A|}|iaratR»  In  the  early  em- 
bryo  of  tbe  Birdi    1,  corpora 
rWolffiani  \  2,  2,  their  if^crelory 
«c'la;  3^  kldm^fd;  4,  uretvr;  6, 
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ia  at  first  situated  behind  that  of  the  Wolffian  duct,  from  which  it  is  con- 
stricted off.  At  first  both  open  together  into  the  Cloaca,  but  by  the  sixth 
day  the  two  ducts  have  independent  openings.  From  the  upper  end  of  the 
nireter  diverticula  are  given  off  (c),  which  seem  to  sprout  from  the  outer 
edges  of  the  Wolffian  bodies,  but  which  are  really  independent  formations, 
tpringing  from  a  mass  of  blastema  behind  them  ;  and  as  they  gradually  in- 
erease  in  size  and  advance  in  development,  the  Wolffian  iKxlies  retrograde ; 
80  that  at  the  end  of  foetal  life,  the  only  vestige  of  them  is  to  be  found  as  a 
•hrunk  rudiment,  situated  (in  the  male)  near  the  testes,  to  which  tbeir  ex- 
cretory ducts  serve  as  the  outlets,  becoming  the  "  vasa  deferentia." — About 
the  end  of  the  fourth  day  a  furrow  is  formed  on  each  side  by  an  involution 
of  the  germinal  epithelium  below  the  projection  formed  by  the  Wolffian 
body.  The  sides  of  the  furrow  arch  over  and  unite  to  form  Afuller's  duct, 
which  at  first  unites  with  the  Wolffian  duct  near  the  entrance  of  the  latter 
into  the  cloaca,  but  subsequently  separately  and  above  it.  The  duct  of 
MuUer  on  the  right  side  (in  the  f'owl,  the  lefl  with  the  corresponding  ovary 
disappearing),  is  never  closed  in  in  fmnt,  and  remains  in  the  female  as  the 
oviduct.  In  the  male  it  is  almost  entirely  obliterated  on  both  sides.  The 
history  of  the  development  of  the  Urinary  organs  in  the  human  embryo, 
aeems  to  correspond  closely  with  the  foregoing.  The  Wolffian  bodies  begin 
to  appear  towards  the  end  of  the  first  month  ;  and  it  is  in  the  course  of  the 
■eventh  week,  that  the  true  Kidneys  first  present  themselves.  When  at 
their  greatest  development,  the  Corpora  Wolffiana  are  the  most  vascular 

Strta  of  the  body  next  to  the  liver ;  four  or  five  branches  from  the  aorta  are 
istributed  to  each,  and  two  veins  are  returned  from  each  to  the  vena  cava. 
The  upper  arteries  and  their  corresponding  veins  are  afterwards  converted 
into  the  Renal  or  emulgent  vessels ;  and  the  lower  into  the  Spermatic  ves- 
sels. From  the  beginning  of  the  third  month,  a  diminution  takes  place  in 
the  size  of  the  Wolffian  bodies,  pari  pcuisu  with  the  increase  of  the  Kidneys  ; 
and  at  the  time  of  birth  scarcely  any  traces  of  the  former  can  be  found.  At 
the  end  of  the  third  month,  the  Kidneys  consist  of  seven  or  eight  lobes,  the 
future  pyramids ;  their  excretory  ducts  still  terminate  in  the  canal,  the  sinus 
urogeniialis,  which  receives  those  of  the  Wolffian  bodies  (subsequently  to 
become  the  vasa  deferentia),  and  of  the  Fallopian  tul)es  ;'  and  this  opens, 
with  the  rectum,  into  a  sort  of  Cloaai,  analogous  to  that  which  is  permanent 
in  the  oviparous  Vertebrata.  The  Kidneys  are  at  this  time  coveretl  by  the 
Suprarenal  capsules,  which  e<)ual  them  in  ^ize ;  about  the  sixth  month, 
however,  these  have  decreased,  whilst  the  kidneys  have  increased,  so  that 
their  proportional  weight  is  as  1  to  2^.  At  birth,  the  weight  of  the  Kidneys 
is  about  three  times  that  of  the  Su|>rarenal  capsules,  and  they  bear  to  the 
whole  body  the  proportion  of  1  to  80 ;  in  the  adult,  however,  they  are  no 
more  than  1  to  240.  The  lobulated  ap])earance  of  the  kidney  gradually 
disappears ;  partly  in  consequence  of  the  condensation  of  the  areolar  tissue 
which  connects  its  different  i)<)rtions,  and  partly  through  the  development  of 
additional  tubuli  in  the  interstices. — The  Urinary  Bladder  is  formed  quite 

*  Although  it  has  been  upually  considered  that  the  Vasa  Dofprontia  of  the  male 
and  the  Fallopian  tubes  of  the  fimiale  are  homoloi^ous  organs,  yet  this  does  not  seem 
really  to  be  the  case;  for  the  former  are  derived  from  the  excretory  ducts  of  tho 
Wolffian  bodies,  whilst  the  hitter  are  independent  formations,  whieii  are  found  to 
oexiftt  with  seminal  ducts  at  an  earlv  pt.*riod  of  developinctnt,  alike  in  male  and  in 
femiilo  embryos.  (See  Kobolt,  Der  Nebeneierstock  des  Weibea,  Heitlelber<r,  1847.) 
The  ducts  of  the  Wolffian  bodi<'.«,  althouijjh  sub-erjuently  di-appenrinu:  in  th(»  females 
of  most  Mammals,  remain  pernmnent  as  '*  (Taertner's  canals  "  in  the  female  Kuuii- 
nantfl  and  Pig. 


GENERATION — ^EMBBYONIC    DEVELOPMENT. 


hitlependetitly  of  th(!^  ?ecreti[»g;  up  pa  rat  us,  being  an  <?n1argemeBt  of  a  portinti 
of  the  jmrs  itrlnaria  of  ihe  "  urogenital  sinu^"  (§  789). 

788.  The  essential  part.ii  of  the  Generath*e  apparafuj^,  naraely;  I  he  Te«t« 
in  the  male,  and  the  Oi^aria  in  the  female,  are  first  developeii  iu  *«ch  im- 
mefliate  proximity  with  the  Corpora  Wolfliana  (Fig*  351,  e,  t\  iimt  the? 
have  been  supposed  to  sprout  forth  from  them ;  this,  however,  h  not  tt*lly 
the  ease,  as  they  have  an  iiide|>endent  origin  in  the  intermediate?  masii  of 
niosobhi^^tic  blastema  (termed  by  Fonter  and  Balfonr  the  geuiud  rid^f\ 
from  whieb  the  Wolffian  bf^ly  and  Kidneys  have  successively  been  differ- 
entiated. They  make  their  first  appearance  In  the  Chick,  a^  deli^  '  on 
the  Wolffian  bwlien,  about  the  fourth  day  ;  at  which  period  no  di  an 
be  detected  between  the  Testes  and  the  Ovaria,  \thidi  originate  m  pivcii?i?ly 
the  pame  manner.  The  suprficial  cells  nnx^eeditig  originally  from  the 
epiblast  acquire  special  characters,  and,  as  already  described  (%  TSTi^bcvome 
inveMed  and  inclosed  by  an  outgrowth  of  the  stroma  of  the  ovary,  and  euu* 
stitute  the  primordial  ova.  In  the  tinman  embryo,  the  rudiment«4  of  the 
sexual  organs — wliether  testes  or  ovaria — first  prcseut  themselves  soon  after 
the  kidneys  make  their  appearance,  that  is,  towards  the  end  of  the  Tlh  week. 
They  are  originally  much  prolonged,  and  seem  to  consist  of  a  kind  of  Mjft^ 
homogeneous  blastema,  in  which  the  structure  characteristic  of  each  organ 
eiib^equentiy  develops  itself.  The  Tmth  gradually  assumes  its  |ier  inane  at 
form  ;  the  epididymis  appears  in  the  tenth  week ;  and  the  gubernaculuni  (s 
membranous  process  from  the  filamentous  tissue  of  the  scrotum^  nnalogoas 
to  the  round  ligament  arising  from  the  labium  and  attached  to  the  ov&ry 
in  the  female),  which  h  originally  attached  to  the  vas  deferens,  gmdually 
fixes  itself  to  the  lower  end  of  the  teistis  or  epididymis.  The  WoKKan  duct 
remains  as  the  vas  deferens  of  the  male.  The  Testes  begin  to  descend  at 
about  the  middle  period  uf  preguaney;  at  the  seventh  month  they  reach  thf 
inner  ring;  in  the  eighth  they  enter  the  passage;  and  in  the  ninth  ihcy 
usually  descend  into  the  s^crotum.  The  eaune  of  this  des^eent  is  not  vrrr 
clear:  it  can  scarcely  he  due  merely,  as  some  have  supj>o&ed,  to  the  eontrar- 
tion  of  the  gubernacnhim;  since  that  d*>e3  not  contain  any  fibrous  structure 
until  after  the  loweriiig  of  the  testes  has  commenced.  It  is  well  known  that 
the  testes  are  not  always  found  in  the  scrotum  at  the  time  of  birth,  even  at 
the  full  period,  U|>tm  an  exanji notion  of  &7  new-born  infants,  Wriaberg 
fonnd  both  testes  in  the  scrotum  in  67,  one  or  both  in  the  canal  in  17,  in  8 
one  testis  in  the  abdomen,  and  in  3  both  testes  within  the  cavity.  Bometimes 
one  or  both  testea  remain  in  the  abdomen  during  the  whole  of  life ;  but  thii 
circumstance  does  not  seem  to  impair  their  function,*  This  ct^ndition  is 
natural,  indeed,  in  ibe  Ram, — The  Ovary  undergoes  much  less  alteration, 
either  in  its  intimate  structure,  or  in  its  position.  Its  efierent  canal  (which, 
as  just  stated,  is  not  the  representative  of  the  vas  deferens  of  the  male,  but 
is  the  duct  of  Muller)  remains  delaclied  from  it,  presents  a  frefM4?nniniil 
aperture,  and  constitutes  the  Fallopian  tube.  The  K<*ri«(  which  was  for- 
merly supposed  to  be  formed  by  the  eoalescenee  of  the  Fallopian  tubes?),  is 
now  known  to  be  derivtMl,  like  the  Vaffin^^  from  the  genital  piirtiou  of  the 
"  un»-genital  sinus"  {§  781) ),  which  is  formed  exactly  on  the  same  plan  \u  both 
sexes  alike^  at  an  early  period  of  ftetal  development,  and  receive©  at  itf 
upper  extremity  the  termination  of  the  Fallopian  lubes.  In  the  Femak, 
this  canal  increases  in  size,  and  a  marked  separation  is  established  betweeo 
ttfl  lower  or  vaginal  portion  and  its  upper  or  uterine  portion.  The  fonmf 
opens  into  the  undivided  portion  of  the  uro-geuital  sious>  which  also  rt'ceivii 


I 


^  A  cAiG  ooeurr#d  wtthtn  ih^  Author'i  know1&d|?f^,  tn  which  bolh  toit^  r«fti«iD«d 
in  the  atxdomcn  until  Ih6  tenth  year,  and  then  descended. 
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the  teimiDatioDS  of  the  urethra  and  of  the  WoIfBiaii  ducts,  and  which  re- 
mains permanently  unclosed.  In  the  Male,  on  the  other  hand,  the  sinus 
genitalis  makes  no  advance  in  development,  and  diminishes  in  relative  size; 
•0  at  the  period  of  foetal  maturity,  it  is  only  dit^cuverable  as  the  vesicula 
prmiatieaf  which  has  been  supposed  until  recently  to  be  an  appendage  to  the 

Kistate  gland.  A  transverse  constriction  in  this  canal  marks  out  its  vaginal 
m  its  uterine  portion ;  the  former  having  exactly  the  same  relation  as  in 
the  female  to  the  terminations  of  the  urethra  and  of  the  Wolffian  ducts 
(vasa  deferentia)  in  the  "  urogenital  sinus,"  which  is  subse<)uently  closed  in, 
however,  so  as  apparently  to  form  a  continuatiou  of  the  urethral  canal ;  and 
the  latter,  in  those  Mammals  whose  females  have  a  "  uterus  bicornis,''  ex- 
hibitiDg  a  like  divarication  into  two  lateral  halves.^ 

789.  The  history  of  the  development  of  the  external  Organs  of  Generation 
in  the  two  sexes,  presents  matter  of  great  interest,  from  the  light  which  is 
ihrowQ  by  a  knowledge  of  it  upon  the  malformatiims  of  these  organs,  which 
are  among  the  most  common  of  all  departures  from  the  normal  type  of  Hu- 
nan or^^auization. — Not  only  is  the  distinction  of  sexes  altogether  wanting 
at  first;  but  the  conformation  of  the  external  parts  of  the  apparatus  is  origi- 
nally the  same  in  Man  and  the  higher  Mammalia  as  it  permanently  is  in 
the  Oviparous  Vertebra ta.  For,  about  the  5th  or  6th  week  of  embryonic 
life,  the  opening  of  a  cloaca  may  be  seen  externally,  which  receives  the  ter- 
aaination  of  the  intestinal  canal,  the  ureters,  and  the  efferent  ducts  of  the 
aesual  organs;  but  at  the  10th  or  11th  week,  the  anal  aperture  is  separated 
fitun  that  of  the  genito-urinary  canal  or  "urogenital  sinus,''  by  the  develop- 
ment of  a  transverse  band;  and  the  urc-genital  sinus  itself  is  gradually  sepa- 
laled  by  a  like  process  of  division,  into  a  "pars  urinaria''  and  a  "pars  geni- 
talis," the  former  of  which,  extending  towards  the  urachus,  is  converted  into 
tiie  urinary  bladder.  A  partial  representation  of  this  phase  of  develop- 
ment b  found  in  the  permanent  condition  of  the  Struthious  Birds  and  of  the 
•Implacental  Mammalia.  The  external  opening  of  this  canal  is  soon  observed 
to  be  bounded  by  two  folds  of  skin,  the  rudiments  of  the  labia  majora  in  the 
female,  and  of  the  two  halves  of  the  scrotum  in  the  male;  whilst  between 
and  in  front  of  these,  there  is  formed  an  erectile  body,  surmounted  by  a. 
riaud,  and  clefl  or  furrowed  along  its  under  surface.  This  body  in  the  female 
IB  retracted  into  the  genito-urinary  canal,  and  becomes  the  clitoris,  whilst 
the  margins  of  its  furrow  are  converted  into  the  nymphai  or  labia  minora;: 
and  these  bound  the  "atrium  vaginie"  or  "vestibule,"  which  receives  the 
orifices  of  the  urethra,  of  the  vagina,  and  of  Gaertner's  canals  when  they  are 
present,  and  which  exactly  represents,  therefore,  the  "sinus  genitalis"  of  the 
early  embryo.  In  the  male,  on  the  other  hand,  this  sinus  is  nearly  closed 
in  at  a  very  early  period,  by  the  adhesion  of  the  two  folds  of  integument 
which  bound  it,  forming  that  portion  of  the  genito-urinary  canal  (improperly 
termed  the  "urethra";  which  receives  the  orifices  of  the  vesical  or  true  urethra, 
of  the  genital  sinus  (vesicula  prostatica),  and  of  the  va.sa  deferentia ;  the  erec- 
tile body  increases  in  prominence,  and  becomes  the  penis;  whilst  the  margins 
of  the  furrow  at  its  under  surface  unite  (at  about  the  14th  week),  to  form 
the  anterior  continuation  of  the  now  contracted  genito-urinary  canal,  which 
is  commonly  termed  the  spongy  portion  of  the  urethra.     The  following  table, 


>  See  Prof.  E.  Weber's  Zusntze  ziir  I^chrt'  vom  Biiue  und  dnn  Verrichtun<ron  dor 
Oe^:hU'cht8organe,  Leipzij^,  1840;  and  Dr.  Lcuokan's  Art.  VosIcuIh  Proslntioii,  in 
Cyclop,  of  AnHt.  and  Ph\>iol.,  vol.  iv  — It  was  supposed  by  Prof.  Weber  that  tbo 
▼esiculM  p^o^talicR  is  the  h(»niol(»tjue  of  the  uterus  alone;  but  the  Author  considers  it 
U*  have  been  satisfactorily  establlsheil  by  the  researches  of  Dr.  Leuckart,  that  it  an- 
swers to  the  uterus  and  vagina  conjointly. 


950 


OF    GENERATION — ^EMBEVONIC    DEVBt.OPMENt* 


extracted  from  the  ri<1mirat>le  thesiB  of  Dr,  W,  M,  Banlc«,*  gives  eUmrly  tli^ 
origin  and  homologies  of  the  several  parte  of  the  uriuo-genital  system  tii  the 
two  m^m : 


THE  WOLFFIAN    BODY    ITSELF. 


In  the  Ff^tnaU^ 
FraKmeolary  luhoa  iind   CHOiilk-ule^  dis- 
pcisi^  in  the  neigh  btifbood  of  Lhe  Fdr* 
ovarium. 


}n  the  MiUe. 
Organ  of  Giritld^  and  ftotne  tyt  t1)«i  tuli 
adhering  to  ©xeretory  4uct»  formmf  j 
vm«ii  libffrriintiii. 


liKW  STBUCTUBE  ON  SUHSITT    OP  WOLFFIAN    BODY- 

Puroviiriiim.  Globus  major. 


MITLLERS   DUCT8. 


Anipulltt  forms  the  fimbriated  ond  of  the 

FuJiopian  tuba. 
Frum  NrjipullH  to  round  ligament  forms 

the  Fullupian  tube  iwdf. 


From   round    lisrflmGot  to  genitsil   cord 

t'jpms  X\iv  curnuft  uteri, 
Wli«?n  unit**d   in  genititl  cord  they  form 

the  uterus  and  viigina. 


Ampulla  forms  Ifae  fajdati<3  of  MoiHifilf. 

From  ampwUa  to  gub«rnaculam  formt 
smAll  cj£U  ruaning  from  the  bydttld 
of  MorgHgni  down  the  aide  tif  th**  &pi- 
dtdymis. 

From^ub^rnaculumtoi^cnitAl  c^ord  foroM 
carnua  of  the  organ  of  Wetwr. 

Wh«n  united  in  genital  cord  ihej  farm 
Ihp  orgun  of  Wwber. 


EXCRETORY   UUCTS    OP  WOLFFIAN  BODIES. 

Gaeftner*ft  can  ale. 
Diverticula  in  ihem. 


Va*  doferenii  body  and  gtobut  minar  of 

cpididvmifi. 
Brotid  and   sacculated  endi  of  thif  viii 

dcfcrcnlia. 


EXTERNAL   ORGANS, 


Clitorli. 

Pari?  intermedia* 
Labirt  uiajura, 
Buibus  vestibulL 
Liibiu  minora. 


Penis, 

Corpus  spongiosum* 

Serotura. 

Bulb. 

CumneouB  covering  of  the  urethra. 


SINUS  tlBO-GENITALISU 


Yastibulum  vaginse. 


Mt^mbranouB  portion  of  the  uretfirm,  and  ■ 
itnall  part  of  the  prostatic.    * 


790*  Kow  in  a  large  proportion  of  cases  of  so-called  Hemmphn^um, 
there  has  been  either  a  want  of  completeness  in  the  development  of  the 
Male  organs,  m  that  they  pre4?ent  a  greater  or  less  degree  of  nifeemhlanc* 
to  those  of  the  female ;  or  the  developmental  procejss  haa  gone  on  to  an  ab- 
normal extent  in  the  Female  organs,  so  that  they  come  to  present  a  ccrt*ia 
degree  of  resemblance  to  those  of  the  male.^One  of  the  most  commoti  mal- 
foriuations  of  the  male  organ  is  "  hypospadia*/'  or  an  abnormal  npcning  of 
the  urethra  at  the  base  of  the  penis^  arising  from  incompletenesa  in  the  cloe- 
lire  of  the  edges  of  it,^  original  furrow.  But  when  the  developmental  pm- 
ce&s  has  been  checked  at  an  early  perbd,  the  uro-gcnital  sinn^  may  retaio 

*  Priza  Theftls,  £d  in  burgh,  188#*     On  the'  Wolffian  Bodit^of  tho  FoaUi^,  and  ti*lr 

remains  in  the  Adult,  including  iho  Dfiveloptnont  of  the  Genera tivw  8y»it«im.  F"f 
the  Ifttosl  observntions  on  Mlilltir'ji  iind  the  Wolffian  duct*^  aee  C,  Sempurt  Ccatral 
bliilt,  187o,  p.  Am. 
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more  nearly  its  original  character,  and  may  have  a  wide  external  opening 
beneath  the  root  of  the  penis,  so  as  to  resemble  the  female  vagina,  whilst 
the  penis  is  itself  destitute  of  any  trace  of  the  urethral  canal ;  in  some  of 
these  cases,  again,  the  testes  have  not  descended  into  the  scrotum ;  whilst 
the  absence  of  beard,  the  shrillness  of  the  voice,  and  the  fulness  of  the 
mammae,  have  contributed  to  impart  a  feminine  character  to  these  individ- 
uals, their  male  attributes,  however,  being  determined  by  the  seminiferous 
character  of  the  essential  organs,  the  testes/ — In  the  feinale  organs,  on  the 
o.ther  hand,  a  greater  or  less  degree  of  resemblance  to  those  of  the  male 
may  be.  produced  by  the  enlargement  of  the  clitoris,  by  its  furrowing  or 
complete  perforation  by  the  urethra,  by  the  closure  of  the  entrance  of  the 
vagina  and  the  cohesion  of  the  labia,  so  as  to  present  a  likeness  to  the  un- 
fissured  perineum  and  scrotum  of  the  male,  by  the  descent  of  the  ovaries 
through  the  inguinal  ring  into  the  position  of  the  male  testes,  and  by  the 
imperfect  development  of  the  uterus  and  mammie ;  with  these  abnormali- 
ties are  usually  associated  roughness  of  the  voice  and  growth  of  hair  on 
the  chin,  and  a  psychical  character  more  or  less  virile. — True  Hermaph- 
rodism,  in  which  there  is  an  absolute  combination  of  the  essential  male  and 
female  organs  in  the  same  individual,  is  comparatively  rare.  It  may  occur 
under  the  forms  of  lateral  hermaphrodism,  in  which  there  is  a  genuine  ovary 
on  one  side  and  a  testis  on  the  other,  in  which  case  the  external  organs  are 
neually  those  of  a  hypospadic  male ;  traiMverse  hermaphrodism,  in  which 
the  external  and  internal  organs  do  not  correspond,  the  former  being  male 
and  the  latter  female,  or  vice  versd;  and  double  or  verti^xd  hermaphrodism, 
in  which  the  proper  organs  characteristic  of  one  sex  have  existed,  with  the 
addition  of  some  of  those  of  the  other:  this  is  the  rarest  of  all,  and  it  is 
not  certain  that  the  coexistence  of  testes  and  ovaria  on  the  same  side  has 
ever  been  observed  in  the  Human  species.* 

791.  We  have  now  to  follow  the  course  of  the  development  of  the  princi- 
pal organs  of  Animal  life ;  and  shall  first  notice  that  of  the  Skeleton?    The 


Transverse  section  through  the  Embryo  of  the  Chick  at  the  close  of  the  first  day  of  incubation,  mag- 
Billod  about  100  dlametent.  ch,  chorda  dontalis ;  A,  external  serous  or  corneal  layer ;  m,  medullary  por- 
tion of  serous  layer;  Pv^  primitive  groove  between  the  dorsal  lamina;  /^and  m;  dd,  intestinal  epithe- 
lial or  glandular  layer  (mucous  layer) ;  uicp,  prwertebrul  mnM,  in  which  the  primary  or  protovertcbree 
are  formed,  and  which  is  continuous  with  the  middle  lamina,^;  utrA,  fissure  in  the  middle  lamina, 
presenting  the  first  indication  of  the  pleuro-peritoncal  cavity,  and  of  the  subsequent  division  of  the 
middle  lamina  into  two  layers. 

first  differentiation  of  parts  that  occurs  in  the  middle  lamina  of  the  blas- 
todermic vesicle  (Fig.  352),  is  the  formation  of  a  solid  cartilaginous  rod, 
termed  the  notochord  or  chorda  dorsalis  (cA),  which  extends  throughout  the 
whole  length  of  the  future  vertebral  column,  and  along  the  base  of  the 

*  The  vesicula  pTofttntica  has  pressented  an  unusual  development  in  gome  of  these 
cases;  see  Prof.  Weber  (loc.  oil.),  and  Prof.  Theile's  Accourtt  of  a  Ca.se  of  Hypn- 
spadiHS,  in  Miiller's  Archiv,  1847. 

■  On  this  Bubject,  see  Prof.  iSimpjson's  Article  Hermaphrodism  in  the  Cyclop,  of 
Anat.  and  Phjs  ,  vol.  ii. 

•  See  Balfour,  Studies  from  the  Physiol.  Lab  of  Cambridge,  PI  I. 


cmrilum  m  far  as  tlie  space  between  the  auditory  capsule,  or  even  to  thit 
point  which  subsequently  becomes  the  pituiuiry  i'm^&.  The  chorda  doi>ailit 
IS  originally  composed  of  nucleated  celU,  tbat  in  the  first  iustance  lie  in 
conUiut  with  one  another,  but  are  soon  i?epumte<l  by  the  developmenl  *if 
intereellular  substance  or  matri:^,  the  whole  being  inelo^d  by  a  delicate 
sheath.  The  chorda  doraalis,  though  permanent  in  the  lowest  fishet^,  h  t>nl? 
a  transitory  structure  in  Man  and  all  the  higher  vertehratB.  Six>n  after 
the  laying  down  of  this  cartilaginous  rod,  the  (wrtion  of  the  middle  Jainma 
which  immediately  surrounds  it  {uuj},  Fig.  352,  uwr,  Fig*  ^353)  beeomew  de* 
taehed  ;  and  in  the  portion  so  separated  the  first  rudiments  of  the  vertebra 
appear  in  the  form  of  rings  surrouudiog  the  chorda  dorsal  is*  More  ex- 
ternally, the  middle  layer,  passing  outwards  and  downwards,  and  furmiug 
what  is  known  as  the  Ventral  Lamina*  subdivides  into  two  by  a  split  or 
fissure  (#?>),  which  is  the  first  indication  of  the  pleuroperitoneal  eavity»  the 
external  or  parietal  layer  (/ip/)  joining  with  the  epibhist  to  form  the  mma* 
t4)pleure  or  walls  of  the  abdomen  with  their  contained  structurei^^  and  ulti- 
mately meeting  on  the  median  line  and  inclosing  the  abd<mHnal  CHvity  m 
the  same  way  that  the  dorsal  larainre  include  the  spinal  cortl,  wbilat  the  inner 
layer,  uniting  with  the  hypoblast  U{f)  develops  the  muscular  and  fibr«u« 
layers  of  the  intestinal  canal,  the  innermost  layer  or  hypoblast  {(id)  prt>- 
dueing  the  proper  epithelium  of  the  d nets  and  portions  of  the  pareuchynm 
of  ihe  several  glands  connected  with  the  intestine.  At  this  perimi  the  nriiu- 
itive  aortas  {ao)  and  the  first  urinary  organs  or  Wolffian  booie«  {uwh)  iK-gia 
to  be  formed.  These,  as  just  stated,  are  develoi>ed  in  the  material  siluatecl 
externally  to  the  chorda  dorsalis,  constituting  a  portion  of  the  middle  lamina 
of  the  blastodermic  vesicle  (im.  Fig.  353),  whteh  now  becomes  e^parate  and 

Fio,  ass. 


dd 


Trai^irerae  sf^ctUm  niitdtii  thr{>ugh  th«  Embrytt  of  n  Fowl  mi  the  tbijrtj -sixth  hour  nf  1^^i1««d 
X  100.    ch.  cbunla  Ucirtwlts ;  A,  vxtcrniil  Ihtdida  ;  mr,  irii-duUary  iulttt  leptiml  cordi;  lid,  liitmiiml  clIi 
ulAf  luy^^r^  av,  prt'¥mt«br&l  m&ss;  awA,  tnclflirnt  t^nvUv^  In  tliu  fame;  wp,  split  tu  tlu'^  tuhlJ3i«  Immlm 
df Tiding  it  Inlo  an  cxlenml  or  parifUl  lamina,  hftl,  xtid  iin  hilernal  "f  filirc^uji  Jaj-t-r^  t/f,  witUh  mtv  rm 
DecU'cl  by  u.  uittilan  Liiuiica&,  wp.    Tbe  {lusiLlun  of  the  WulCfiBq  Ui^k-*  ta  reprirm^iitt^i  hf  mmjf^  ^u4  uf  ll 
prliDltlra  aortBi  by  ao. 


distinct  from  the  remainder.  Soon  after  this  period  tbe  prevertebral  niaiMai 
(uw)  extend  themselves  so  as  to  embrace  the  chorda  dorsal  is  below  and  the 
spinal  cord  above  j  the  part  where  the  two  aides  unite  above  being  ealled  bjr 
Katbke  the  mtmhrami  reunttm  mtpevior^  or  membranous  vertebral  an*bt  A 
portion  of  ilie  prevertebral  mass  also  insinuates  itself  between  the  ebonia 
dorsalis  and  the  spinal  et>rd.  so  that  the  former  is  entirely  investnl  by  it, 
and  a  complete  vertebral  column  is  formed,  though  still  only  memhruntmf^ 
presenting  two  tubes,  the  one  posterior,  formed  by  the  arcbt^s^and  inclo§ing 
the  spinal  eonl,  the  other  anterior,  investing  the  chorda  dorsalis.  In  the 
membranous  arches  a  histological  difTcrentiatiou  takes  place,  by  which,  on 
the  other  hand,  tbe  cartilaginous  arches  are  developed,  and  on  the  other, 
the  anterior  and  posterior  roots  of  the  spinal  nerves  (i%  g.  Fig,  338), 

792.  Tbe  formation  of  cartilage  constitutes  the  second  stAge  of  the  dewl* 
opment  of  the  vertebral  column.  It  commences  about  tbe  si^clh  or  i^veaili 
week  of  f<»tal  life,  and  rapidly  extends  over  tbe  bodies  of  tbe  future  ve^ 
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tebrn,  80  that  already  in  the  eighth  week,  a  complete  cartiladnoua  column 
with  the  membranous  intervertebral  ligament  is  formed  ;  the  chorda  dorsalis 
now  becomes  attenuated  and  begins  to  disappear  in  the  bodies  of  the  verte- 
bre  (Fig.  354),  whereas  it  still  remains  distinct  in  the  Ligamenta  iuterver- 
lebralia,  and  consequently  presents  a  moniliform  appearance.    The  formation 


Fig.  354. 


Fio.  3S5. 


Fie.  864.— DUgram  showing  the  attenuation  of  the  Hiorda  Dorsalis  in  the  middle  of  the  bodies  of. 
th*  Tertehne  whilst  preeerving  its  original  diameter  in  the  intervertebral  spaces :  ch,  chorda  dorsalis; 
w,  body  of  Tenebra ;  Hr-iotervertebral  substance. 

Vta.  855. — Diagram  showing  the  position  of  the  chorda  dorsalis  in  the  body  of  the  vertebra  and  the 
imiAtion  of  the  neural  arches;  ch,  chorda  dorsalis ;  cr,  body  of  the  vertebra;  a,  neural  arch  or  neur- 
qpophyala ;  c,  rib ;  pr,  transverse  process. 

of  cartilage,  which,  according  to  Robin,*  is  everywhere  developed  before  the 
substance  of  the  brain  and  spinal  cord,  takes  place  much  more  slowly  in  the 
vertebral  arches,  not  being  more  advanced  at  the  eighth  week  than  is  shown 
in  Fig.  355 ;  so  that  at  this  period  the  medolla  spinalis  and  its  ganglia  are 
odIv  covered  by  the  membrana  reuniens  superior.  The  arches  first  meet  and 
inclose  the  medulla  in  the  dorsal  region ;  in  the  fourth  month  this  is  com- 
pleted throughout  the  column,  and,  except  in  the  coccygeal  region,  where  no 
arches  are  developed,  the  form  of  the  future  vertebrae,  in  which  ossification 
has  already  commenced,  is  perfect.  The  development  of  the  atlas  is  irreg- 
ular, its  body,  which  is  originally  traversed  by  the  chorda  dorsalis,  as  shown 
by  Rathke  and  Robin,  becoming  connected,  not  with  its  proper  arch,  but 
with  the  body  of  the  axis  forming  the  odontoid  process  of  this  vertebra. 
The  ossification  of  the  vertebrae  begins  at  the  end  of  the  second  or  the  begin- 
ning of  the  third  month,  with  three  centres  for  each  vertebra,  one  for  the 
body  and  one  for  the  arch  on  each  side.  These  parts,  however,  do  not  unite 
till  the  second  year  after  birth.     Accessory  centres  of  ossification  are  subse- 

aueutly  formed  at  the  tips  of  the  spinous  and  transverse  processes,  and  in 
lie  form  of  thin  leaves  at  the  upper  and  lower  surfaces  of  the  bodies,  which 
resemble  the  epiphyses  of  the  long  bones.  The  cartilages  of  the  ribs  do  not 
develop  at  once  in  their  whole  length,  but  gradually  from  the  spine  towards 
the  sternum.  Their  ossification  proceeds  contemporaneously  with  those  of 
the  vertebrae  from  one  centre  for  each  rib,  the  anterior  extremities  of  the 
upper  seven  uniting  together  to  form  a  broad  cartilaginous  band,  which  cou- 
s^tutes  one  lateral  half  of  the  sternum^  the  two  halves  subsequently  uniting 
from  above  downwards.  An  arrest  of  this  mode  of  development  explains 
the  monstrosity  called  "  Fissura  Sterni,"  a  case  of  which,  in  the  person  of 
M.  Groux,  excited  so  much  interest  in  this  country.  The  morphological 
relations  of  the  several  parts  constituting  the  shoulder  girdle  in  man  appear, 

*  Kobin'B  Journal  de  I'Anatomie,  vol.  i,  1864,  pp.  274-299. 
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according  to  the  investigation  a  of  Mr.  Parker,^  to  be  as  follows,    Begittiitiiff 

with  the  scajiula,  the  tfiiii  epiphyifial  ^Si^ificatlou  munitig  along  th«  ¥«rt«bfd 
border  is  tbe  supra-E*fa(>iilar  boue,  well  ffhown  as  segmented  frora  the  »capi]ia 
in  the  my  and  sturgetm,  and  large,  but  not  quite  segineuted  off  from  the 
scapula  proper  in  the  frogs.  The  whole  intraspinous  portion  of  the  booe 
represents  the  stupnla  proper  fornniig  the  greater  portion  of  the  scapula  of 
the  bird,  but  best  diftbrentiated  a^  a  diHtiuft  booe  id  the  iguana  and  turtle. 
The  aeroniiou  process^  with  the  whole  of  the  spinous  process,  e^n§tUutea  the 
mesoscapula,  which  w  seen  parti}*  segmented  from  the  body  of  the  scapula 
in  the  pangolins,  but  is  well  &hown  also  in  the  iguana.  The  neck  of  ttie 
bone  and  the  articular  facet  forming  the  glenoid  region  have  a  §epaniie  la* 
ternal  oegification  In  the  frog  and  toad.  The  eoracoid  process  forms  a  lai^ 
ieparate  bone  in  the  ovlnara,  and  In  raonolrenies,  of  ivhich  only  the  jmrt 
corresponding  to  the  heaa  is  developed  in  the  human  subject,  which  sjieedily 
coalesces  with  the  other  elements  forming  the  scapula,  fhe  portion  of  bone 
aronnd  the  eoracoid  notch,  with  the  forepart  of  the  supraspinous*  fo»$a,  i* 
the  prescapula*  It  is  well  seen  as  a  distinct  bar  above  the  glenoid  caviiy  ia 
certain  lizards,  and  exists  as  a  separate  cartilage,  even  in  the  eat.  The  car- 
til agi nous  extremities  of  the  clavicle  are  remnants  of  a  primary  rocl  of  car- 
tilage developed  independently  of  the  clavicles.  The  outer  or  me£!o»eaptilar 
segment  becomes  attached  to  the  acromion  by  fibrous  tissue,  and  an  imfn*r- 
fect  synovial  articulation.  The  inner  segment  divides  into  twt>,  of  whii*h 
the  outer  portion  becomes  attached  to  the  true  clavicle,  whikt  the  internal 
portitm,  corresponding  to  the  omo*sternum  (or  so-called  episternum)  of  fnigs, 
oeconjes  converted  into  tibro-cartilage.  The  clavicle  itself  is  a  partj^^teal  Imr 
which  has  grafted  itself  on  a  d^?licate  rod  of  cartilage/ 

703.  In  order  to  facilitate  the  corai>rehension  of  terms  now  very  generally 
employed  both  in  Human  and  Conifiarative  Anatomy  in  reganl  to  the  peirt* 
of  a  ver teb ra ,  the  in  1 1 o w i n g  desc r i  pt  ion  is  here  a  pi>en ded ,  The  c*>m  f ile te 
typital  vertebra  (Fig.  25^,  A)  e^efentially  coneiste,  according  to  Prof.  Owen/ 
of  the  ce^i^r«m,  around  winch  are  arranged  four  arches  inclosed  by  nrt>ecge%<!S 
in  connection  with  it,  viz.,  su|>eriorly,  the  neurai  aa*h,  winch  indijsei  ihe 
neunil  axis,  and  is  formed  by  a  pair  of  "  neurapophyses"  (n,  «)  and  a  nennil 
spine  (ns);  iuferiorly  the  hamal^vch,  which  is  in  like  ^|>ecia]  relation  with 
the  centre?  of  the  circulation,  but  may  be  expanded  around  the  Vis«-eml 
cavity  generally,  and  which  is  formed  of  a  pair  of  "  h^mapophyses  **  {k,  h) 
and  the  **  hitnml  spine"  (hs) ;  and  two /a^ero/ arches,  inclosing  vascular  f.^nalft, 
which  are  bounded  by  the  '*d! apophyses"  [d,  d)  and  the  '*  parajjophysw ** 
(p.p),  and  are  completed  by  the  "  pleura pophyses  "  { p/,  pi).  Of  theft©  ele- 
ments, the  centrum  is  the  most  constant;  and^iext  to  these  are  the  neuml 
arches,  which  we  find  in  evety  part  of  the  vertebral  column  through  which 
the  neural  axis  passes,  and  which  are  enormously  developed  in  the  cranial 
segments,  in  accordance  with  the  high  development  of  their  neryouii  ma*. 
The  hremal  arches  are  often  almost  entirely  deficient,  as  in  the  cervical  and 
lumbar  vertebrae  of  Man  and  the  Mammalia;  but  in  the  don^l  vcrtcbrw 
they  are  very  largely  developed,  and  the  elements  of  the  lateral  arches  are 

*  Se&  hig  important  and  extensive  leri^  of  obsi^rvntiofi*  in  the  Mfj(iop:r«pb  on  tbf 
Structure  anil  Divdopint^ni  of  I  he  Shuulder  Oirdte  and  8ti*rnum  in  the  Vertebmta, 
18B8^  published  by  llif?  Buy  Society. 

^  Mr.  Parker  *1i1t>renUHte6  ihreo  kinds  of  oMifleation  ;  **  endo«tcjti»/*  occurring  tfl 
the  fubstfitiL'CMjr  bynline  cHrHhigp  ;  '*  t?cto«lo*is,'*  when  the  bony  depoiil  occurt  in  lIU 
iilmfjgt  fctriietu relets  jnn(*r  fiiyi-r  of  the  periot^teum  ;  And  **  pHrtiuieb,"  wben  tM  bdni 
is  furmed  in  thc^  ikin,  ftutirutun^iua  fihraufl  in©§Ij»  or  in  aponeyrosee. 

*  8t«<3  hi*  Archt»typ«  6k«»|ptoii  Jii«  Lci-tur«e  on  Compnrntive  AnAti^my,  and  hli  Dii- 
ciiuryt;  fjn  the  Naturii  of  Limbs. 
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broaght  into  oonnection  with  them,  so  as  to  form  the  inclosure  of  the  vis- 
eeral  cavity  (Fig.  356,  b).  From  the  pleurapophyses  are  occasionally  de- 
veloped a  pair  of  "  diverging  appendages  "  (o,  a),  which  are  well  seen  in  the 
ribe  of  Birds;  and  these  are  considered  by  Prof.  Owen  to  be  the  funda- 
mental elements  of  the  bones  of  the. "  extremities  "  or  "  limbs,"  those  of  the 
anterior  extremity  being  on  his  view  the  diverging  appendages  of  the  occip- 
ital vertebra,  and   those  of  the  posterior  extremity  standing  in  the  same 

Fio.  856. 


Elements  of  a  Vertebra  according  to  Prof.  Owen :  a,  ideal  typical  vertebra ;  b,  actual  thoracic  verte- 
Vim  of  a  Bird  *,  e,  centrum,  giving  off  d,  d,  the  diapophyses,  and  p,p,  the  parapophyses ;  the  neural  arch, 
Indoalng  the  aplnal  cord,  *  is  formed  by  n,  n,  the  neurapophyaes,  and  n«,  the  neural  spine;  the  hemal 
ftreh,  Incloaing  the  great  centres  of  the  circulation,  is  formed  by  h.  A,  the  hoemapophyseH,  and  At,  the 
temal  spine.  From  both  the  neurapophyses  and  htemapophybes  may  be  given  off  the  zygapophyscs, 
•,«.  The  lateral  arches,  which  may  inclose  the  vertebral  arteries,  o,  o,  are  completed  by  the  pleur- 
apophyses, pi;  these  in  b  are  bent  downwards,  so  as  to  form  part  of  the  hiemal  arch,  and  give  off  the 
diverging  appendages,  a,  a. 

relation  to  one  of  the  sacral  vertebrse.  The  number  of  the  segments  analo* 
gous  to  Vertebrse  entering  into  the  skull  has  been  a  subject  of  much  discus- 
sion among  those  who  adopt  the  '*  vertebral  theory  "  of  its  composition  ;  but 
Prof.  Owen  agrees  with  Goethe  and  Oken  (the  original  propounders  of  that 
theory)  in  fixing  the  number  at /<mr,  which  corresponds  with  the  points  of 
oesification,  succeeding  each  other  in  a  linear  series,  that,  though  absent  in 
the  earlier,  are  apparent  in  the  later  stages  of  the  development  of  the  En- 
cephalon,  namely  (proceeding  from  behind  forwards),  the  Encephalon,  the 
Mesencephalon,  the  Prosencephalon,  and  the  Rhinencephalon  (Fig.  362) ; 
and  also  corresponding  with  the  number  of  the  nerves  of  special  sense,  the 
Auditory,  Gustative,  Optic,  and  Olfactory,  which  issue  from  this  part  of  the 
neural  axis  with  the  same  segmental  regularity  that  the  ordinary  sensori- 
motor nerves  do  elsewhere. 

794.  In  the  development  of  the  Skull  the  same  three  stages  may  be  traced 
as  that  in  the  Vertebral  column,  namely,  the  membranous,  the  cartilaginous, 
and  the  osseous ;  the  result  of  the  first  two  forming  what  is  now  called  the 
Primordial  Cranium.  In  the  first  stage,  the  memorane  of  the  Cranium  is 
ibrmed  from  the  anterior  part  of  the  prevertebral  plates  (uwh,  Fig.  353), 
which  shoot  forwards  in  front  of  the  pointed  extremity  of  the  Chorda  dor- 
salis  or  Notochord,  and  throw  out  processes  on  either  side,  that,  arching  up- 
wards, ultimately  form  a  case  for  the  brain.     An  essential  difference  from 
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those  which,  as  we  have  just  now  seen,  incloae  the  Spitial  Cord,  h  hof 
already  visible,  in  the  perfect  continuity  and  ahsenee  of  any  trac*  uf  etf- 
mentation  in  tlie  hasal  mass.  The  form  assumed  by  this  depisit  at  a  venr 
early  period  is  diagram matically  s^hovvn  in  Fig,  357,  c  representing  the 
atlas,  or  last  segment  of  the  true  vertebral  column,  formed  nmnd  the  noto- 
chord,  a,  which  terminates  at  the  point  ^,  where  the  pituitary  body  aub- 
lequently  appears,  lo  front  of  the  atla»  c,  and  also,  like  it,  aurroufidiug 
the  notochord^  a  large  quantity  of  blastema  is  laid  down,  to  which  is  attached 
anteriorly  a  pair  of  rods,  ^,  termed  the  trabecular  cranii,  that  sepamt©  l«  in- 
close the  pituitary  fossa,  and  reunite  in  froot  of  it  to  form  a  solid  maae,  the 
nasal  frontal  process.  From  the  margins  of  this  great  basal  nmm  of  the 
primordial  cranium,  a  mem hrn nous  investment  rises,  up  to  e^jver  ihe  latra* 
cranial  nervous  centres.  This  membranous  cranium,  which  accurately  iii- 
Tests  the  rudimentary  brain,  is  not  long  persistent,  but  soon  becoaies  |>ariiallj 
converted  into  cartilage;  the  change  commcucingat  the  ba^  in  the  Hnmaa 
feet  us  at  least  as  early  as  the  second  month,  whilst  the  upper  part  retainis  it^ 
membranous  condition  until  a  much  later  period.  The  primordial  cranial 
axis  of  Man,  therefore^  consists  of  three  parts:  L  A  membranous  ri>of;  2. 
Chiefly  membranous  lateral  walls;  and  .3-  A  cartilaginous  base. — ^The  third, 
or  osseous  stage  of  development,  is  attained  by  four  different  pnH?e««*ft, 
namely:  L  By  direct  oj^sification  of  a  portion  of  the  cartilage  of  the  pri* 
mordial  cranium;  2.  By  part  of  the  cartilage  remaining  unaltered^  3,  Br 
the  disappearance  of  a  small  part  of  the  primordial  cartilage;  and  4.  By 


Flo.  ^7, 


FlQ.  338, 


T^tlDg  ciinUBglnou»iii«Lw;  e,  Hudltorr  caiwiile;/,  pitiilurx  bo^T',  fi  tnbociiJH  emnll;  A,  froiit«l  n«i4 
f,  idK  nittjoren:;  k^  nlic  miuoreEi  af  thu  Mf^btuu\6  bone. 


Flrj.  358,— Vertk'nl  trantTf^rac!  s^^ctlon  of  BDlti^nor  fMjrtlori  of  (be  rririiorJlpI  bMl«<;ninii  ;  cl,  firviaiigii 
Of  Tomcir;  ^,  per|ji^iidkulAr  lumfnanf  etlimoitl :  c,  rjj^ht  aU  of  Ibc  carlElAgi*,  frooi  wfakb  lb#  Lttrbtiui 
1ioD«,  4  u&d/i  are  seen  projecting  on  tbe  oppo^Uv  side;  d^  oMiil  bunrft. 


the  depo§itu>n  of  new  bone  in  the  form  of  opercular,  or  spltnt  boties^  on  the 
exterior  of  the  primor^lial  cranium.  The  fii^t  point  i)f  <ksi?ific»tion  ap^>eiirf 
im mediately  in  front  of  the  foramen  magnum  about  the  ninth  week*  and  if 
the  rudiment  of  the  basilar  p>rtion  of  the  occipital  bone;  a  second  (w>me- 
timeB  double)  p<>int  forms  in  the  third  month  at  the  forepart  of  the  St*Jl* 
turcica,  and  is  the  rudiment  of  the  basi-sphenoid,  or  |K>3teriur  portion  of  the 
sphenoid  bone.  8till  more  anteriorly,  but  a  little  later  in  point  of  time,  a 
third  double  centre  of  os.*ii6cation  may  be  seen,  which  b  the  commeneemeot 
of  the  presphenoid,  and  in  front  of  this  again  an  oeniBcation  eamiaetiee» 
about  the  middle  of  l<etal  life,  which  smbsequently  becoming  greatly  extendat 
in  a  vertical  direction,  ftjrms  the  peqiendicular  plate  of  the  ethmoid.  With 
each  of  these  centres  of  ossification,  situated  a 
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skall,  a  saperior  arch  is  coDDected,  composed  of  bones  analogous  to  the  lami- 
na and  spines  of  the  vertebrae,  and,  like  them,  inclosing  and  protecting  the 
nervous  mass  within.  The  formation  of  the  superior  arch  in  connection  with 
the  basi-occipital  centre  commences  at  an  early  period,  by  the  appearance  of 
two  additional  ossifying  points  in  the  cartilage  on  either  side  of  the  foramen 
magnum,  which  develop  into  the  condyloid  and  lateral  portions  of  the  occip- 
ital bone  or  ex-occipitals ;  whilst  the  crown  of  the  arch,  or  supra-occipital 
bone,  represented  in  the  adult  by  the  broad  expanded  plate,  is  formed  by 
two  osseous  points  in  cartiJage,  and  one  or  two  in  the  membrane  immediately 
above  the  cartilage  that  subsequently  coalesce.  The  upper  arch  of  the  basi- 
sphenoid  begins  as  a  bony  deposit  in  the  cartilage  representing  the  great 
wings  of  the  sphenoid  bone,  or  ali-sphenoids  (t.  Fig.  357) ;  and  the  crown  of 
this  arch,  formed  by  the  parietals,  is  exclusively  produced,  not  by  intra- 
cartilaginous,  but  by  intra-membranous  ossification.  A  third  upper  arch  is 
connected  with  the  pre-sphenoid  by  the  ossification  of  the  projections  of  the 
pre-sphenoid  (/;),  representing  the  alse  minores  of  the  sphenoid  or  orbito- 
sphenoids,  the  crown  of  this  arch  also,  the  frontal  bone,  developing  by  intra- 
membranous  ossification,  like  the  parietal  and  supra-occipital  bones.  The 
most  anterior  of  the  centres  of  ossification  that  appears  in  the  basal  cartilage 
of  the  skull,  forms  the  lamina  perpendicularis  of  the  ethmoid  (6,  Fig.  358), 
and  is  seen  in  vertical  section  in  Fig.  358.  At  an  early  period  the  cartilage 
sends  out  two  processes,  c,  e,  which  inclose  the  nasal  fossae.  The  superior 
and  middle  turbinals  (opposite  e)  arc  developed  as  outgrowths  from  this  car- 
tilage. The  inferior  turbinal  (/)  is  of  later  date.  The  nasal  bones,  rf,  cf, 
are  developed  as  opercular  bones  in  the  membrane  covering  the  primitive 
cartilage,  and  overlie  the  nasal  cartilage ;  whilst  at  the  base  of  the  cartilage, 
but  developed  from  membrane,  is  the  vomer  (a).  .The  remaining  bone 
which  enters  into  the  formation  of  the  skull  is  the  Temporal,  the  develop- 
ment of  which,  formerly  much  misunderstood,  has  been  very  carefully  in- 
vestigated by  Prof.  Huxley,  Mr.  Parker,  and  others ;  from  whose  inquiries 
it  appears  that  the  squamosal  portion,  like  the  parietal  and  frontal  bone^,  is 
developed  from  membrane.  Below  this,  and  developed  from  fibro-cartilage, 
a  ring  of  bone  appears  incomplete  above,  forming  the  auditory  meatus,  and 
termed  the  tympanic  bone.  Finally,  there  are  three  cehtres  of  ossification, 
for  which  Mr.  Huxley  proposes  the  terms,  prootic,  epiotic,  and  opisthotic.  The 
prootic  lies  behind  the  foramen  ovale,  and  forms  the  petrosal  bone  or  petrous 
portion  of  the  temporal.  The  epiotic  surmounts  the  posterior  vertical  semi- 
circular canal,  and  forms  the  mastoid  portion  of  the  temporal ;  whilst  the 
opisthotic  is  continuous  with  the  ossification  which  primitively  surrounds  the 
fenestra  rotunda,  and  forms  the  floor  of  the  Tympanum,  lying  in  front  of 
the  point  of  exit  of  the  eighth  pair  of  nerves. 

795.  The  development  of  the  Face  next  claims  our  attention.  It  proceeds 
from  three  parts,  two  of  which  are  symmetrical  and  the  third  single.  The 
former  are  the  first  pair  of  visceral  arches  (a.  Fig.  359),  sometimes  termed 
the  mandibular  arch,  from  which  the  sui)erior  maxillary  process  is  budded 
off  on  each  side.  The  asymmetrical  part  is  the  frontal  process,  with  its  alse 
or  internal  nasal  processes  (seen  on  each  side  of  w/,  Fig.  360),  the  develop- 
ment of  which  into  the  turbinals,  covered  by  the  nasals,  has  been  already 
alluded  to.  The  two  lateral  halves  of  the  first  vi^eral  arch  (1,  Fig.  359) 
uniting  in  the  middle  line,  form  the  rudiment  of  the  lower  jaw,  and  origi- 
nally consist  of  two  parts  on  each  side,  one  of  which,  the  inferior  maxillary 
process,  is  cartilaginous,  and  becomes  converted  at  its  base  into  the  malleus 
(6,  Fig.  361),  whilst  its  distal  portion  is  prolonged  downwards  and  forwards 
in  the  form  of  a  slender  rod,  known  under  the  name  of  Meckel's  Cartilage, 
on  the  outer  side  of  which  the  lower  jaw  {d)  is  developed  as  a  splint  bone. 
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The  lower  jaw  thus  stands  in  the  same  relation  to  Meckel's  Cartilafe  that 
the  opercular  bane^  do  to  the  primitive  cranial  bones;  a^d  it  ortgioallj  ocin- 
sisti^  of  two  halves,  uDited  by  a  kind  of  s^ynchondroi?iF,  which  does  not  ossiff 
till  after  birth, — The  malleus,  which  is  the  homologne  of  the  quadmte  hm% 
of  Birds,  o8Kifies  in  the  fourth  month  fmm  the  surface  inwards,  whilst 
MeckePa  cartilage  dies  away,  except  near  its  root,  which  os&ifif^  into  the 
processua  gracilis,  or  long^  process  of  the  malleus.    The  aujierior  ma:^illaiy 


FDS.S9d. 


Fu>.  mi. 


:^S^ 
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^l:^'^^r=^ 
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Pw,  380.— RumHii  Embrjo  »i  tlie  l^Bd  of  tbc  third  week  *  1, 3, 3,  4,  Ihu  vb^jml  ftr«li(3»;  «,  the  tamtA^ 

1ft r J  pruci-ra ;  B,  the  ejfe* 

Ftu.  S(iO.— ttutcmn  Einbrfo  ftt  tbe  clo»  of  the  fifth  wcfk:  1  ftod  2,  tbo  fLfsl  t«o  Tbe«rsl«rcli»;.«,lb* 
ftii|>4?ri»r  tuaiLllar)-  [Jtuc«»  \  h^  tb«  ey«^  c^  th«  UXetv^  iinao>froiiUl  proooi;  f|f,tbe  iiAso^fl^ottlA]  pc«eiv[ 

f'i*i.  36I.^Dfii^rai]]  ^f  the  flnt  &nd  seciind  pciti-fltcnuBl  (rtjiceral)  urclies  of  Hiimmi]  Bmhrjro!  ft,  taflm; 
the  llue/p»[Dt((  to  the  Apex  oflht;  secodd  arch,  CQttUiliilDKtheiM  orblcuUre;  ^,  laallruj ;  tht>  tlpcuf  tk« 
laiiK  proceu  1a  tlie  apeic  of  tfav  Hral  vifluertl  arch;  e^  MtM!kiir«  enrt TliLi^ci ;  <l, denuiy  t  «,  iit&|if>t , /, «• 
orbif'iilare;  ^p  upper  hjaiA  carLllitgi?;  between  ^  And  e  iitbo  rudhneot  af  the  t4itfiedlu*  iuit*::ltf:  m, 
middle  hyald  CArUlftge;  ^  rudlmenl  uf  ibe  curtiu  mitiuB  of  im  byaldes;  t,  bMl-br^l;  I,  t;ia|«iiti 
iD  It  111  111, 

Process  (a,  Fig,  360)  of  the  first  visceral  arch  furnishes  near  its  bast  tht 
HerygQid  (i%  Fig,  361)  and  dbtally  the  Fahitine  (t)  bone?*,  which  begiD  to 
ostiiiy  in  nascent  or  simple  cartilage  at  about  the  clo^  of  the  s^econd  moutli. 
The  gunerior  nm^iUary  and  zygomatic  boners  each  oissify  from  one  ceDtn%&t 
the  end  of  the  second  month  ;  and  these,  together  with  the  lachrymal  bones» 
are  to  be  regarded  as  opercular  bones.  With  regard  to  the  intermaxilliuff 
bone,  it  is  probable  that  this?  k  developed  from  two  ossific  centres  id  ibe  raem- 
brane,  independently  of  the  superior  maxilla,  though  they  join  with  it  abotit 
the  middle  of  the  third  mouth,*  Koll  man/  however,  describes  it  as  origiiiat* 
iug  from  the  frontal  process  by  two  halves,  which  subsequently  unite.  The 
Vomer  bears  the  mme  relation  to  the  base  of  the  septum  uasale ;  it  appears 
in  the  third  month,  and  ha^  then  the  form  of  a  semi-canaL  At  firt*t,  the 
mouth  is  a  wide  cavity,  which  is  subsequently  divided  iut^  a  respiratory  and 
digestive  cavity  by  the  lateral  growth  of  tfie  superior  mamillary  proi^esse^  of 
the  first  visceral  arch ;  thus  constituting  pnrtitious  on  either  hide,  culled 
Palate  plates,  which  after  the  eighth  week  l.)egin  to  coalesce  from  bi-fore 
backward.  An  arrest  of  development  at  this  period  produt^^s  the  defuniiitf 
termed  Cleft  palate.  The  second  viM^eral  or  htjold  arch  is  originally  in  con- 
nection with  the  base  of  the  skulls  near  the  posterior  sphenaid  bone^  but 

'  See  Cttllcndi^r,  Fhil  Trnne.,  1869,  pt  i,  pp.  103-17*^,  pliiei  13  itnd  It. 
*  Zdt*,  f,  BioWg.,  Bd.  iv,  1868,  p.  274, 
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subsequently  becomei  segmented  off,  its  apex  or  proximal  portioD  remaiuiDg 
as  the  incus' and  os  orhiculare  m  Man  (which  represent  the  hyomandibular 
and  sympleetic  of  Fish),  whilst  its  distal  portion  is  converted  into  the  styhiid 
process  of  the  temporal  bone  and  coruu  minus  of  the  hyoid  with  the  interven- 
ing niembrauous  part  fFig,  S61,  ^^  m^  i).  The  slopes  proceedi!  from  a  car- 
tW&^e  developed  in  the  fenestra  oval  is,  and  is  probably  a  periolic  element. 
In  the  third  visceral  arch,  which  corresponds  with  the  first  branchial  arch 
nf  Ichthyopsida,  the  cornu  raajus  of  the  hyoid  bone  ig  developed  on  each 
side,  ossifying  in  the  eighth  mouth. 

790.  From  the  foregoing  brief  outline  of  the  development  of  the  skull,  it 
will  be  seen  that  no  aeg  men  tat  ion  of  the  mrtihfjin&m  basis  takes  place  at  all 
anahigons  to  that  which  occurs  in  the  vertebral  column  at  the  same  period 
of  its  development;  and  therefore,  as  Mr*  Huxley  observes,  it  is  imposaible 
to  admit  the  existence  of  a 
teries  of  cranial  vertebne, 
and  still  less  to  define  thei  r  aa 
several  parfcj  by  means  of 
terms  especially  adapted  to 
the  description  of  those  bonas 
which  couj*titute  the  spinal 
column.  At  themme  time,  a 
very  superficial  iu%^ei4Ugalion 
of  the  process  of  ossification 
leads  to  the  conclusion  that 
this  takes  place  in  iuch  a 
manner  a^  to  produce  a  eeriea 
of  iiegmeut.^  which  are  the 
more  cloiiely  analoguus  to 
those  of  the  vertebra!  coluniu 
the  more  posteriorly  they  are 
situated,  m  we  see  in  the 
occipital  and  sphenoid  aeg- 
nients;  whilst  in  those  that 
are  more  anterior  the  modi- 
fication   of   structure   is  so  I  lllM-1 <"* 

great,  that  scarcely  any 
trace  of  the  form  of  a  ver- 
tebra remains,  as  appears  in 
the  ca.*e  nf  the  pre-i^pheuoid 
and  ethmoidal  segments, 

797.  Within  the  Cranio- 
spinal  canal  thus  formed, 
the  rudi  men  t  of  the  Cerebnj- 
spiiial  axis  is  found,  at  first 

Uuder  a  very  dilferent  aspect  a'.Tbe  water  ftninloUf  fuldof  UUi?  numLHrn  ;  ft,  lUe  tmv  »m- 
from     that     Vvilich     it    SUbse-    '^^"** ' ''  ^^^  ^  ^^^^  ct'f«liral  hpmlfl|ih<era  t  ^jB^  fore  liralo  wr  f*«4- 

quentl)   pre^ent^,  especially  ^  ^^^^^  ^^^^^  ^  ^^^^  ^^^^^^ ^  ^^^^.  f)in^Hui..-iu*^.ar*ie  v^iu. 

as  regards^  the    relative    pro-  fonnlnit  Uh*  ToniJHs  maU  «r  ttir  li*>iirt;  ///Ji-art.  noirvMim- 

portion    of    ita    difierent   seg-  pletelr  twl»tedau  llit'If;  .lo^ljuh>u*aTt'rjii*iirt,  thi?  IhUi  *^>rtlc 

mentS,         According     to     the  archt^^diijiTy^ren  iinhingintfirhi)  iiorJa\atnNiioir*y  fUinly  m'eii 

investigations       of       Bidder  **  *  cuttkI  dark  Iln^rmnnlHg  iiIunjflKr  body  \  tht'Othi^r^iinfM 

K***.**^.,*      «t.rl      liT  ;nrU«-      xl  ^*«'*t  Hue  by  if 8  side  endiiijj  aear  tbe  rffiTi-inre  jf  la  \\\^  uoI«h 

uptter,    ann    KoJuker,    in  ^    .    ^    '  >         ..  t            r      *    t      i^      .      ,  x. 

Man  ana  15 1  nJ^,  the  spinal  ^  ^^  plac*^  at  ihe  point  "f  divergence  of  tUe  ipbudmpK-ui^r 
cord    COn^i:^iS«    after    the    clo-    falda,    Xbe  blind  tmv^t  beghiB  liere  *u«i  fliteiida  abflut  up 

sure  of  the  laminse  dorsales,   to  jr. 
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of  ft  €aT)al  surrounrieti  by  cells  arranged  in  a  rAdintiug  manner.  Th^e 
separate  into  an  external  layer  cotnpo&ed  of  gray  matter,  anil  intf*  an  inner 
layer  coni*ti  t  vi  1 1  ng  1 1)  e  epi  t  h  e )  i  u  m  of  t  b  e  can  a  1  ♦  The  w  h  i  t  e  »u  bsta  n  ee  u  p  |»f^  rs 
later  than  the  gray,  and  k  unqLiestionably  develo|>ed  from  it*  In  thi*  first 
instance  it  coneisti  of  four  corda  or  strands  arranged  in  |>ttirs,  which  ?ubie- 
fluently  become  connected  in  front  by  a  white  eommi?iSure,*  According  tn 
the  reaearehes  gf  Lockbart  Clarke/in  Man,  Mtimnmlia,  and  Birds/  thf 
s*pinal  cord,  in  it-8  earlier  stages  of  development,  conpiisU  of  a  riinRl  ?iir^ 
ronnded  by  a  homogenemtja  layer  of  small  cell?  or  nuclei,  which  are  nat  dis- 
tiDguisbablc  from  each  other  in  appearance,  and  are  m  closely  l.  *rd 

RB  It  I  aecm  in  actual  contact.     This  layer  continues  to  increase  lis  id 

undergoes  a  differentiation  into  two — an  inner  or  epithelial  and  mi  uutur  or 
gray,  layer;  while  at  the  same  time  the  small  cells  of  bt>th  layers  are  uniD- 
terruptedly  con  nee  ted  by  a  continuous  network  of  fibres  which  forms  between 
them.  As  development  progresses^  a  diversity  of  structure  ensui^  in  the 
gray  substance;  the  cells  or  nuclei  of  the  anterior  gray  substance  hocomwg 
much  larger  than  those  of  the  posterior,  and  being  conoet*ted  by  a  eoftRMT 
and  more  granular  network-  From  these  nuclei  are  developed  a  wiunber  of 
large  roundish  or  irregular  but  adjacent  cells»  with  thick  nucleatcfl  walli, 
which  are  connected  with  the  surrounding  network,  and  have  precisely  the 
same  appearance  as  the  connective  tissue  of  parts  external  to  the  cord*  It 
appears,  then,  that  in  these  early  stages  of  development,  there  are  at  leart 
two  kinds  of  free  nuclei  in  the  gray  substance  of  the  cord.  One  of  thcac 
kinds  appears  to  develop  the  general  network  of  tissue  which  pervades  tbt 
entire  structure,  but  pniceeds  no  further;  whereas  each  nucleus  of  the  other 
kind,  while  connected  with  this  network  as  well  as  with  nerve-fibres,  d^ 
velofis  a  nucleated  cell,  with  a  nucleated  wall,  which  is  still  eonneeled,  and 
ultimately  blended,  with  the  surrounding  reticular  structure.  Tbniugb  the 
raalium  of  thiH  intervening  reticular  strueture,  the  walls  of  the  nerve*eelU, 
the  walls  of  the  bloodvessels,  the  processes  of  the  epithelium,  and  ihe  pi* 
mater  on  the  surface  of  the  cord,  are  alt  uninterruptedly  continnons!i  with 
each  uther;  and  since  the  processes  of  nerve-celU  constitute  the  axi.^cyliii* 
ders  of  tl*e  vaso-niotor  nerves  distributed  to  part^  ejcternal  to  the  curd,* Mr. 
Clarke  thinks  it  probable  that  some  of  those  proces^^  which  are  \mi  by  sub- 
division in  the  intervening  nucleated  and  reticular  tissue  tc/V/nVi  the  eofd^ 
are  the  means  of  tranfiniitting  nerve  power  to  that  tissue,  and  lb  rough  that, 
to  the  coal#  of  its  bloodvessels,  from  which,  by  their  direct  couoeetitm  with 
tbem,  the  nerve-cells,  in  return,  receive  their  supply  of  nutrlmeuL 

19H,  In  the  Bird  the  medullary  folds  ljee*mie  closed  in  front,  during  tlie 
early  part  of  the  second  day,  the  p<*sterior  part  remaining  open  for  a  short 
time,  as  the  "sinus  rhomhoidalis  "  The  anterior  extremity  is  dilaiett  inu»  & 
bulb,  and  forms  the  first  cerebral  vesicle.  Two  projections  are  formed  at  the 
sides  which  gradually  become  stalke<l,  and  constitute  the  optic  vesicles.  At 
the  close  of  the  second  day  the  mcil u Ha ry  canal  presents  two  more  dilata^ 
tions,  separated  from  each  other  and  from  the  first  cerebral  vesicle  by  ci»a- 
strictions,  so  that  instead  of  a  single  cerebral  vesicle  there  are  now,  in  addi- 
tion to  the  optic  vesicles,  a  series  of  them  one  behind  the  other.  The  tmrni 
anterior  of  these,  or  first  cerebral  vesicle,  is  develoiied  into  the  foredtniiij, 
the  second  into  the  mid-bmin,  and  the  third  into  the  hind-brain,  Beft>«* 
the  end  of  the  second  day  the  fi r^t  cerebral  vesicle  has  begun  to  bud  o0'two 
small  vesicles  in  front;  these  are  the  ve4?icles  of  the  cert^bral  bemi.«pbt^n^ 
which  sulisequently  l>e<!ome  the  most  conspicuous  part  of  the  brain.  At 
these  are  formed  the  fore-brain,  with  the  cerebral  and  optic  vesicles,  be^^mcii 
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1  Kolliker,  Enlwink.,  pp.  259,  260. 
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slightly  bent  downwards  over  the  anterior  extremity  of  the  notochord,  and 
tbiB  18  the  commencement  of  the  cranial  flexure.  The  cavity  in  the  interior 
of  each  of  the  two  vesicles  of  the  cerebral  hemispheres  originating  in  the 
nMmner  Just  described,  constitutes  the  lateral  ventricle,  whilst  the  cavity  of 
the  fore-brain  from  which  they  vere  budded  off  remains  as  the  cavity  of  the 
third  ventricle,  or,  as  Foster  and  Balfour  term  it,  the  "  'tween  brain."  On 
the  summit  of  the  'tween-brain  the  rudiment  of  the  pineal  gland  makes  its 
appearance,  whilst  the  floor  is  produced  into  the  "  infundibulum,"  which 
joins  the  pituitary  body.  The  roof  of  the  midhrain  becomes  developed  into 
the  corpora  bigemina  or  optic  lobes  in  Birds,  but  into  the  corpora  quadrigem- 
ina  in  Mammals ;  its  floor  is  formed  by  the  crura  cerebri,  and  its  cavity  be- 
comes reduced  to  the  iter  a  tertio  ad  quartum  ventriculum.  In  the  mid-brain 
or  third  cerebral  vesicle  a  constriction  appears  in  the  course  of  the  third  day, 
which  indicates  a  division  into  the  cerebellum  in  front,  and  the  medulla  ob- 
loDgata  behind.  The  fundamental  parts  of  the  brain  are  thus  fairly  mapped 
oat  in  B!rd8  on  the  third  day.  In  Mammals  the  series  of  vesicles  above  de- 
scribed are  distinctly  visible  at  about  the  sixth  week,  and  in  the  small  pro- 
portion which  the  Cerebral  Hemispheres  bear  to  the  other  parts,  in  the  ab- 
sence of  convolutions,  in  the  deficiency  of  commissures,  and  in  the  general 
simplicity  of  structure  of  the  whole,  there  is  a  certain  correspondence  be- 
tween the  brain  of  the  Human  embryo  at  this  period  and  that  of  a  Fish ; 
but  the  resemblance  is  much  stronger  between  the  fcetal  brain  of  the  Fish 
and  that  of  the  Mammal ;  indeed,  at  this  early  period  of  their  formation,  the 
two  could  scarcely  be  distinguished ;  and  it  is  the  large  amount  of  change 
which  the  latter  undergoes,  as  compared  with  the  former,  that  causes  the 
wide  dissimilarity  of  their  adult  forms.  At  about  the  12th  week,  we  find 
the  Cerebral  Hemispheres  much  increased  in  size,  and  arching-back  over 
the  Thalami  and  Corpora  Quadrigemina  (Fig.  363);  still,  however,  they 
are  destitute  of  convolutions,  and  are  imperfectly  connected  by  commissures; 
and  there  is  a  large  cavity  yet  existing  in  the  Corpora  Quadrigemina,  which 
freely  communicates  with  the  Third  Ventricle.  In  all  these  particulars, 
there  is  a  strong  analogy  between  the  condition  of  the  brain  of  the  Human 
embryo  at  this  period  and  that  of  the  Bird. — Up  to  the  end  of  the  3d  mouth, 

Fio.  363. 


Br&fn  of  niirnRf)  Embryo  at  twelfth  week  :  a,  seen  from  behind ;  b,  sUlo  view ;  c,  sectional  view  ;  a, 
eoipon  quadrigemlDa;  b,h,  hemispheres;  d,  cerebellum;  e,  medulla  oblongata;  /,  optic  thalmus;  g, 
Boor  of  third  ventricle;  i,  olfactory  nerve. 

the  Cerebral  Hemispheres  present  only  the  rudiments  of  anterior  lobes,  and 
do  not  pass  beyond  that  grade  of  development  which  is  permanently  char- 
acteristic of  the  Marsupial  Mammalia,  the  Thalami  being  still  but  incom- 
pletely covered  in  by  them.  During  the.  4th  and  part  of  the  5lh  months, 
Dowever,  the  middle  lobes  are  developed  from  their  posterior  a^jpeot,  and 
cover  the  Corpora  Quadrigemina;  and  the  posterior  lobes,  of  which  there 
was  no  previous  rudiment,  subsequently  begin  to  sprout  from  the  back  to 
the  middle  lobes,  remaining  separated  from  them,  however,  by  a  distinct 
furrow,  even  in  the  brain  of  the  mature  foetus,  and  sometimes  in  that  of 
older  persons.     In  these  and  other  particulars,  there  is  a  very  close  corre- 
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eipondence  between  the  progressive  stages  of  development  of  the  Ilamau  Op&- 
brum,  and  those  which  we  encounter  in  the  ascending  aen^  of  Maujinalia,* 
790.  The  development  of  the  Et^e^  commences  by  a  protrusion  from  ihe 
lower  and  posterior  piirt  of  the  anterior  cerebral  vesicle,  the  cavity  of  th« 
protrnBion  teing  continuous  with  that  of  the  vesicle  itself;  very  ^ii,  how- 


Lone;  it  net  inai  sflctioD  of  the  Eye  of  Embryo  Ftiwl  i  I,  from  mi  erubrfo  «t  aWut  th«  ftfii  h  l^oiir  of  te 
eubiitkiij ;  2^  from  tiii  embryt*  n  few  Inmra  itUvt]  3,  from  «q  cnibryo  il  Lhe40i  dnjr  of  Jn.  uhiiiun '  4, 
eplbliut ;  I,  leiii  lu  Fl^.  I,  mill  toutn-ctcd  wuti  the  gprnc'iil  iAnilitit,  HUfl  ftd«t>9sEag  ■  tu.  li 

ItQ  liiLBrlor,"iii  Fijfs^  2  ju»d  a  il  la  leen  delu.Hn'U  liul  jslill  hulluw ;  r,ii]tru¥Vfi«'d  |;H>rtiiin  •  alt* 

uptfc  vetiiole,  tiitviequ^titly  1:3<ecitiiili].g  Lhe  retiisa ;  a,  poAlcrtur  \v^tt  of  the  <>pt  Ic  tl««fcl^«  wLuh*  uci^urdltf 
to  Ik^to&k,  prDbably  tieeumij<3  tb^  clH^riitd  aiftt,  (rtUsrj  proci'VMa,  And  lrli«  lod  In  Flf^.  t  in^l  2  b  XtU 
conni!!  u-d  wlih  tbe  liraiii  by  iht^  ho] loir  opik  nerve;  f,  thlofcttila^  of  tb^  eplbl^yit  around  iti« apot  fna 
wliU  b  tbti  lens  bus  dlHtxk!iht.-d  its^tf;  y f^  ritrfuiJa  bujf. 

ever,  it  lases  all  connection  with  the  Cerebral  Hemispheres^  and  op<!ns  ex- 
clusively  into  the  "  third  ventricle/'  As  soon  as  the  primitive  optic  vesick 
ha**  aifeinmed  its  permanent  pos^itioD,  the  E  pi  blast  over  it  becomes  thickened 
(Fig,  364»  1 )»  whiltst  the  subjacent  wall  of  the  opiic  vesicle  becomes?  i[i<lented, 
and  at  leni^th  so  far  pushed  in  as  to  i'mm  a  sac  coin^hi^^d  of  two  layers,  ihe 
edge^  of  which  surround  the  lens  (Fig,  364,  *2).  Thii*  me  k  llie  **5econdftrT 
optic  vesicle  *"  or  **cup/'  The  anterior  thicker  layer  {F\^.  364,  3,  n  h  d^ 
veloped  into  the  retina,  the  posterior  (n)  htH^oroes  the  licjcagonat  te^^^ellated 
pigment  layer  of  the  choroid.  The  dimbling  in  of  the  primary  optic  vesicle 
IS  so  conducted  that  a  slit  remains  for  a  ishort  time,  termed  the  cbornidal 
fissure,  through  which  a  jxn-tion  of  me^iobhist  gaim  entrance  mU>  the  intcricir 
of  the  vewicle.  The  thickent'd  layer  uf  the  epiblasit  (e)  beeominj;  deUichinl 
constitutes  the  leris,  a  thin  layer  of  the  epiblast  etill  remaining,  which  Jbrtii* 
the  epithelium  of  the  cornea*  The  mestoblast  surrounding  the  optic  vesick 
gradually  formn  a  distinct  inve^tnient  for  it»  of  which  the  outer  part  connti- 
tutes  the  sclerotic  and  cornea,  and  the  inner  the  proper  tissues  and  vcseeb  of 
the  choroid,  whilst  another  portion  penelratiug  more  deeply  constitute*  the 
euapensory  liganu^nt  and  iiips*ule  of  the  lenn,  and  the  vitreous.  The  chor*»id 
only  reaches  as  far  tu  the  edgp  of  the  lens  at  first,  and  no  trace  of  Iris  can 
at  that  time  be  discovered.  At  the  end  of  the  second  month  the  iris^  at 
first  represented  by  a  colorless  lamina  in  which  pigment  is  afterwards  de- 
posited, grows  out  from  the  edge  of  the  choroid,  and  insinuates  it«ielf  bf- 
Irweeii  the  lens  and  the  cornea.  The  development  of  the  anterior  half  of 
the  Retina  ceases  during  the  latter  part  of  fcetal  life,  and  this  part  is  gradu- 
ally  transformed  into  the  Pars  cilia  ris,  which  in  the  adult  does  not  con  tain 
any  nervous  element.    The  Macula  lutea  is  not  present  in  the  embryo,  uar 

*  Bee  Hn  account  af  the  observatiorts  of  Prof,  Hotflui  (in  the  D«velaptnirat  of  Ill9 
Cerebrum,  in  tbe  Archive*  d'AnrttomSe  Gi^ii5fi*lo  «t  de  Phy?iul.>>(i«%  184*i 

'  Svu  ttm  HTcCHllehl  Meinoir  of  ih^  IkIc  Mr  IL  Gray  in  I  ho  Philofophio**!  Trift«- 
at'tiofid,  18A0;  Kolliker,  Entwickd.  da^i  M(-'n4t'h<*ti»  ifefil,  p.  2TS ;  Voter  Yonn^,  Oo 
Ihc  Dovelojimont  of  the  Eye  in  tU«j  Chick^  Med.-Chlf.  Bev.j  iHiiSt  ***t  Jiiii,  p,  181; 
titid  Ktebs,  in  Vif chow's  ArchW,  Rd,  ixviii. 
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ID  the  new-born  infant.  The  optic  nerve,  which  is  at  first  hollow,  gradually 
becomes  solid  by  the  growth  of  fibres  which  fill  its  cavity.  The  Chiasma 
appears  at  an  early  period,  and  results  from  the  fibres  of  the  one  stalk 
"owing  over  into  tne  attachment  of  the  other.  This  takes  place  soon  after 
\e  deposition  of  pigment  in  the  outer  wall  of  the  optic  cup,  and  about  the 
me  time  the  fibres  at  the  neck  of  the  optic  cup  grow  forward  and  become 
connected  with  the  retina,  over  whose  internal  surface  they  spread  (Foster 
and  Balfour). 

800.  Development  of  the  Ear, — The  ear  makes  its  first  appearance  in  the 
Fowl  on  the  second  day,  as  an  involution  of  the  Epiblast  over  the  hind- 
brain;  and  the  pit  thus  formed  becomes  converted  into  a  sac  by  the  narrow- 
ing and  closure  of  its  mouth.  This  sac  is  the  "otic  vesicle,"  and  is  lined  by 
epiblast  and  surrounded  by  mesobJast,  By  the  outgrowth  of  the  vesicle 
in  different  directions  the  semicircular  canals  and  cochlea  are  developed, 
the  mesoblast  forming  both  their  membranous  and  osseous  walls,  whilst  the 
epiblast  remains  as  their  epithelial  investment,  and  consequently  forms  the 
proper  auditory  apparatus  of  hair  cells,  etc.  The  auditory  nerve  arises  from 
the  mesoblastic  layer  near  the  optic  vesicle,  and  in  this  respect  is  in  marked 
contrast  with  the  optic  nerve.  In  Man  the  vesicles  are  first  found  about  the 
4th  week,  possessing  an  epithelial  lining  derived  from  the  epiblast :  these 
are  the  Vestibula.  The  vesicles  or  vestibules  then  close  and  become  pyri- 
form ;  and  the  small  end  pushes  out  a  hollow,  club-shaped  process,  "  pro- 
cessas  vestibuli,"  which  is  connected  with  the  dura  mater,  its  peduncle  pass- 
ing through  the  Aquseductus  vestibuli  to  the  Atrium.  Soon  afterwards  the 
Cochlea  makes  its  appearance  as  a  process  from  the  vestibule,  shooting  in 
an  antero-inferior  direction.  The  Semicircular  Canals  are  at  first  straight 
tabes,  receiving  their  characteristic  curvature  and  ampullse  at  a  later  period. 
The  remaining  portion  of  the  vestibule  forms  the  Fovea  hemispherica  and  the 
Fovea  hemi-elliptica.  The  petrous  portion  of  the  temporal  bone  is  developed 
from  the  mesoblast  surrounding  the  labyrinth,  which  subsequently  becomes 
cartilaginous  (8th  week).  In  Man  the  cochlea  makes  one  entire  turn  in  the 
8th  week ;  at  the  end  of  the  3d  month  the  canal  is  complete.  The  spiral 
lamina  is  not  completed  till  after  the  6th  month. — The  modiola  and  the 
spiral  lamina  only  ossify  in  the  last  months.  The  Middle  Ear  (including 
toe  external  meatus,  tympanum,  and  Eustachian  tube)  is  formed  by  the  par- 
tial closure  of  the  first  branchial  cleft  at  the  4th  week.  At  the  3d  month 
the  ossicula  are  formed,  and  are  then  seen  lying  oi^er,  not  in,  the  tympanic 
cavity,  imbedded  in  gelatinous  tissue.  The  Eustachian  tube  remains  closed 
during  the  whole  of  foetal  life  by  gelatinous  tissue,  the  cartilaginous  portion 
being  formed  at  the  4th  month.  The  mastoid  cells  only  appear  at  puberty. 
The  membrana  tympani  is  at  first  very  thick,  and  horizontal  in  position. — 
The  External  Ear  is  developed  from  the  Annulus  tympanicus,  a  small  bone 
which  can  be  separated  at  birth,  and  gradually  elongates.  The  cartilage 
and  auricle  are  formed  from  the  skin  that  surrounds  the  outer  opening  of 
the  first  branchial  cleft.  The  auditory  capsule  is  developed,  according  to 
Huxley,  from  three  separate  ossifications  arising  in  the  periotic  cartilaginous 
mass, — an  anterior  ossification,  the  prootic,  a  superior  and  posterior  one, 
the  epiotic,  and  an  inferior  and  posterior  one,  the  opisthotic.  Of  the  three 
ossicula  auditils,  the  stai)es  is  a  separate  periotic  nucleus  of  cartilage.  It  is 
the  equivalent  of  the  base  of  the  columella  of  air-breathing  ovipara.  The 
incus,  with  the  os  orbiculare,  is  the  proximal  portion  of  the  second  visceral 
arch.  In  the  lower  Vertebrata,  it  is  represented  by  the  hyomandibular. 
The  malleus  is  the  proximal  portion  of  the  first  visceral  arch,  and  is  the 
modified  os  quadratum  of  fish,  reptiles,  etc.  The  processus  gracilis,  at  an 
early  period  of  foetal  life,  is  the  cartilage  of  Meckel,  and  meets  its  fellow  in 
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ibe  uiitldle  Ihie  below  the  mouthy  forming  a  perfect  primorflial  lower  jaw. 
The  Jirnt  proper  vist^eral  el  eft  Ls  the  mouth  ;  the  Aemud  (or  first  of  the  uJdtT 
enihrvolo^isU)  h  the  tyriipauo^Eiistachiau  pa-^sage,  in  which  tlie  outer  and 
middle  ear  are  developer! ;  the  third  and  fovrfk  and  fifth  (eecond  to  fourtli 
of  HUthorB)  ure  early  cloj^ed,  but  remain  in  Branchiate  Vertebmta, 

80L  Organ  of  Stneli. — AecoitJing  to  Baer,  the  nasal  ffissae  are  at  liret  dr*- 
titiet  from  the  oral  cavity,  subsequently  eonimnnicate  with  it, and  ar*?  finally 
divided  into  two  porfiont?,  of  which  one  becomes  the  respiratory  portion  of 
the  nasal  eavity,  whilst  the  other  fornix  the  trne  olfaetory  portion  and  laby- 
rinth  of  the  KtW  In  the  Chick  the  olfaetorv  irei^ielea  make  tVieir  apfiear- 
anee  towards  the  end  of  the  third  day  beneath  the  vesicle*  of  the  cerebral 
heniu«pherefi.  The  epibhiJ^t  over  these  becomes  indented  to  form  the  nasal 
pit^s  which  Huhj^eouently  become  connected  with  the  olfactory  ves^icles  and 
month.  In  the  Human  subject  two  depres^sion^»  the  na*a!  fW^ie,  aro  well 
marked  at  the  end  of  the  4lh  week.  In  the  6th  wc^k  tbe.*e  fomm  com- 
municate below  with  the  ornl  cavity  by  a  grtjove.  At  the  end  of  the  2d 
nionih  the  groove  clo^^ej*,  and  the  labyrinth  communlcatetn  with  the  wortt 
anterior  part  of  tlie  oral  cavity  by  means  of  two  narrow  orifices,  which  are 
them^'lveK  rapidly  closed  by  the  tbmiation  of  the  palate  dividing  the  ii<js»e 
from  the  mouth,  i^iight  tracer  of  them  remaining  in  adult  life  in  the  Naat*- 
palatine  foramen.  At  the  lOlh  week  the  posterior  nam  I  orifiee?  are  formed 
on  either  side  of  the  Beptnm.  The  Labyrinth  is  wholly  develo|»«*(i  from  the 
epiblaM  iuvcjitting  llie  na^al  fossae.  It  is  fully  formed  at  the  close  of  the  3d 
month,  though  the  acce^isory  cavities  of  the  frontal^  snheiioidal,  and  ethmuidal 
einu^cs,  with  the  antrnm  of  High  mo  re^  are  yet  aWnt,  and  are  not  niio- 
pleied  till  after  the  0th  month.  The  outer  nose  begins  to  grow  out  fn>m  tbt 
nasal  part  cif  the  primordial  cranium  about  the  end  of  the  2d  month.  In 
the  3d  month  the  nHs^ul  orifices  are  closed  by  a  gelatinous  plug»  which  disap- 
pears after  the  5th  month,  and  seems  to  cons*ist  of  mucus  and  epithelial  plml^ 
As  to  the  share  cif  the  nervou.^  system,  we  have  already  seen  that  tJie  nllae^ 
tory  tract  and  bulb  are  evolutionsi  of  the  It^t  brain- vesicle,  and  nothing  is 
known  in  res^spect  of  the  development  of  the  nerves  from  the  bulb.  Here  also, 
therefore,  the  corneal  layer  play^  aw  important  part.  It  is^  however,  never 
shut  oif  fki^  a  closrtl  vesi(,'le.  The  several  steji®  of  the  development  of  thi« 
organ  are  met  with  in  the  varioui^  classes  of  animals  :  the  small  chisefl  fo^ifm 
remind  u^  of  Fi.«hes;  the  short  nasal  ducts  opening  into  the  anterior  jiart  of 
the  month,  of  Batrachians,  etc, 

802.  The  extremities  (Fig,  34S,  qq,  n*)  npj>ear  In  Man  about  the  fourth 
week,  as  small  and  undivided  stumps  frooj  the  lateral  plate;  those  of  thif 
upper  extremity  a|>pearing  first :  a  dtvision  into  two  principal  part*  tiik*^ 
place  in  the  fifth  week ;  one  of  which  is  broad,  aud  shows  alxiut  the  tiflb 
week  four  indentations;  the  other  is  more  cylindrical,  and  subdivides  into  a 
fore  and  upper  arm  about  the  eighth  week.  The  two  extremities  art*  very 
similar  io  furm  up  to  this  [jcririd,  their  distinctive  character^?  only  appt^riiifj 
well  marked  at  the  third  month.  All  the  bones  which  enter  into  their  ctiaj- 
position  pass  through  stages  of  development  similar  to  tho&e  that  have  lievn 
already  described  as  occurring  in  the  bones  of  the  vertebral  column  and 
ekulh  In  the  fir?t  iriMance  only  a  soft  blastema  or  indifferent  tisane  appears 
in  the  place  of  the  future  bone;  hut  this  gradually  develops  into  cartilai^i 
the  conversion  being  complete  ab>ut  tlie  end  of  the  second  or  the  commenci^ 
ment  of  the  third  month,  and  in  the  cartilage  again  pointjs  of  osslfitnitina 
make  their  appearance,  with  great  though  not  ahs^olute  precision,  for  each 
bone,  not  only  as  regards  number,  but  also  as  to  time  and  |>ositionJ 
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803.  Of  Sex, — ^Tbe  coDditions  on  which  the  differentiation  of  sex  immedi- 
ately depend  are  as  vet  extremely  obscure.  M.  Marc  Thury/  who  has  paid 
sreat  attention  to  this  subject  in  cattle,  has  arrived  at  the  conclusion  (which, 
nowever,  demands  much  confirmatory  evidence  for  its  establishment)  that 
the  sex  of  the  progeny  of  a  particular  act  of  sexual  intercourse  is  dependent 
opoD  the  period  of  menstruation  (in  women),  or  of  rut  (in  animals),  at 
wnich  the  impregnation  of  the  ovum  takes  place.  If  this  occur  at  the 
eommeneement  of  the  period,  the  offspring  will  invariably  be  a  female  ;  if 
toivards  the  close,  male :  the  cause  of  the  difference  being  the  more  ad- 
vanced stage  of  maturation  of  the  ovum  in  the  latter  case,  owing  to  its 
baviDg  been  for  a  longer  period  exposed  to  the  warmth  of  the  body  of  the 
mother.  Ploss'  attributes  the  sex  of  the  child  to  the  quantity  and 
quality  of  the  nutriment  received  by  the  mother  during  pregnancy,  since 
nrom  a  review  of  various  countries,  and  a  comparison  of  the  relative  num- 
bers of  males  and  females  born,  he  finds  that  when  the  food  is  abundant 
and  plentiful,  the  proportion  of  females  rises;  whilst,  under  opposite  condi- 
tionSy  males  are  most  frequent.  In  mountainous  countries  the  number  of 
males  also  increases  relatively.  Preussen  (loc.  cit.),  however,  on  the  other 
hand,  considers  that  better  and  more  abundant  food  is  required  by  the 
mother  for  the  protection  of  males. — There  is  strong  statistical  evidence  that 
the  relative  numbers  of  Males  and  Females  are  in  some  way  influenced  by 
the  relative  ages  of  the  parents.  The  following  table  expresses  the  average 
results  collected  by  M.  Hofacker'  in  Germany,  and  by  Mr.  Sadler*  in 
Britain  ;  between  which  it  will  be  seen  that  there  is  a  very  striking  general 
correspondence,  although  both  were  drawn  from  a  too  limited  series  of  ob- 
servations. The  numbers  indicate  the  proportion  of  Male  births  to  100 
Females,  under  the  several  conditions  mentioned  in  the  first  column : 

Hofacker.  i  Sadler. 

Father  ycHiDfirer  than  Mother,     .      90.6  1  Father  younger  than  Mother,  .  86.5 

Father  and  Mother  of  equal  ago,     90  0  '  FHther  and  Mother  of  equal  age,  94.8 

Father  older  by  1  to    6  years,     .     103.4  I  Father  older  by  1  to    6  years,  .  103  7 

«»            "        6to    9      *•         .     124.7  ,          •'            *»     '   6  to  11      »'  .  1J6.7 

"            «•        9  to  18      **        .143  7               •*            "       11  to  16      "  .  147.7 

"            "       18  and  more,       .     20U.0  \          "            "       16  and  more,  .  163.2 

From  this  it  appears,  that  the  more  advanced  age  of  the  Male  parent  has 
a  very  decided  influence  in  occasioning  a  preponderance  in  the  number  of 
Male  infants;  and  this  tallies  with  the  fact,  that  taking  the  average  of  the 
whole  of  Europe,  over  which  (as  a  general  rule)  the  state  and  customs  of 
society  bring  about  a  decided  preponderance  of  age,  among  married  couples, 
on  the  side  of  the  husband,  the  proportion  is  about  106  males  to  100  females. 
Hi  is  does  not  hold  good,  however,  in  regard  to  illegitimate  offspring,  the 
parents  of  which  may  generally  be  presumed  to  be  more  nearly  on  an 
equality  in  this  respect ;  and  it  is  curious  that  the  proportion  of  these  has 
averaged  102.5  males  to  100  females,  in  places  where  the  proportion  of  legit- 
imafe  births  was  105 J  males  to  100  females. — We  are  not  likely  to  obtain 
data  equally  satisfactory  in  regard  to  the  influence  of  more  advanced  age  on 
the  part  of  the  Female  parent,  as  a  difference  of  10  or  15  years  on  that  side 
is  Dot  so  common.  If  it  exist  to  the  same  extent,  it  is  probable  that  the  same 
law  would  be  found  to  prevail  in  regard  to  Female  children  born  under 
such  circumstances,  as  will  be  stated  (§  804)  with  respect  to  the  Male, — 
namely,  that  the   mortality  is  greater   during   embryonic  life  and  early 


'  Notice  on  the  Law  of  Production  of  Sexes,  etc.,  Pamphlet,  1868. 

«  Henle  and  Meissner,  1860,  p.  210. 

*  Annates  d'Uygidne,  October,  1829.        *  Law  of  Population,  toI.  ii,  p.  343. 
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iofancy,  so  tbat  the  preponderance  h  reduced.  Even  at  birlh  thert  it  « 
munituld  ditfereuce  in  the  physical  coiiditioDS  of  iufantft  of  different  ijiejtc*; 
for,  in  the  average  of  a  large  number,  there  U  a  decided  preptrnderatKr  on 
the  dde  of  the  Males?,  both  an  to  the  length  ami  the  weight  nf  the  ht^dTi 
And  it  seems  not  tin  probable  that  this  difference  has  a  decided  infidenct 
upon  the  greater  loss  of  life  in  the  act  of  parturition,  which  occurs  among 
Male  infants. 

I,  The  Leiitjth  of  the  body  in  fifty  new-bom  iniknts  of  each  sKix,  aa  aaoef* 
tained  by  Quetelet/  was  as  follows : 

From  16  to  17  inches'  (French), 

**  17  to  18       '• 

*^  18  to  10       **  ** 

"  19  to  20       **  *^ 

'<  20  to  21       "  "^ 


i«AI». 

FcmjUea. 

T(»UL 

,       2 

4 

6 

.       8 

10 

27 

.     28 

18 

46 

,     12 

» 

20 

,       0 

1 

1 

From  these  observations,  the  mean  and  the  extremes  of  the  Lecigthfl  of 

the  mak  B^nd  female  respectively,  were  calculated  to  be: 


Mk1«. 

FcmalMt 

Minimumi    * 

.     U 

iticbea,  2  lm«8. 

16  Itiehet,  2  lines. 

M*mn^   * 

.     18 

U              g          II 

18      "        1|    *• 

Muslim* Til,    . 

,      ICV 

H         g      a 

20      **       6      *• 

Ntjt withstanding  that  the  maximnm  is  here  on  the  side  of  the  Femilt 
(thi^  being  an  accidental  re^^ult,  which  would  probably  have  bc^en  olherwise 
had  a  larger  nuaiber  been  examined),  the  aiferuge  shows  a  ditferetice  of  4J 
lines  in  favor  of  the  Male, 

11.  The  inequality  in  the  Wei^hU  of  ihB  two  is  even  more  remarkable; 
the  t>bsiervatiou8  of  M,  Quetelet^  were  made  upon  63  male  and  56  female 
jiifauts, 

li^fanlB  velghliig  from  Mates. 

1  to  1|  kik»g./  ,  .  .       0 
IJ  to  2        '*  ,  ,  ,0 

2  to  2i      "  .  .  .3 
2t  tCJ  8        ^*  .  .  .13 

3  to  ^     *'  ,  ,  .28 
BJ  to  4       '*  ...     14 

4  to  H      **  .  .  .6 

The  extremes  and  means  were  as  follows: 

Mini  mum,    .        ,        .     2  34  kilog, 
Mt*Qn,   .        ,         ,        ,     3.20     ** 
Mri^cimum,     .        .         .     4.50     ^' 

IIL  The  a?erage  Weight  of  infants  of  both  flexes,  as  determined  bv  these 
inquiries.  Is  3.05  Kilog.,  or  6.77  lbs. ;  and  this  corresponds  almost  exactly  with 
the  statement  of  Chaussier,  whose  observations  were  made  upon  tnurt:  than 
20,000  infants.  The  mean  obtained  by  him»  without  reference  to  disliucttaa 
of  sex,  was  6.75  lbs.;  the  maximum  being  11,3  Ibs.^  and  the  miuimutu  3J 
lbs.*     The  average  in  this  country  is  prolmbly  rather  higher;  according  lo 

>  Hur  J 'Hum me,  lom.  ij,  p.  8, 

'  The  Frenoh  in<?h  h  nboul  one-flfteeDth  more  than  the  Engliib. 

■  Op.  cii.i  torn,  ii,  ft.  86, 

*  Toe  krUigr»»omo  J*  equfti  to  2.22  Ibi.  Bvoirdwpoii* 

*  Tht'Si*  numbers  have  Wen  irroneoii^jy  stiuc?d  m  inanj  Pbytiolog)c«l  work*,  ©•f if 
to  the  d)0eri*nce  betwoen  the  French  Hnd  English  pound  not  bKTing  been  albwed  fvr 
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Dr.  Joseph  Garke/  whose  inquiries  were  made  on  60  males  and  60  females, 
Ihe  average  of  Male  children  is  7^  lbs.,  and  that  of  Females  6f  lbs.  He 
adds  that  children  which  at  the  full  time  weigh  less  than  5  lbs.  rarely  thrive; 
being  generally  feeble  in  their  actions,  and  dying  within  a  short  time. 
Several  instances  are  on  record,  of  infants  whose  weight  at  birth  exceeded 
15  lbs.  It  appears  that  healthy  females,  living  in  the  country,  and  engaged 
in  active  but  not  over-fatiguing  occupations,  have  generally  the  largest  chil- 
dren ;  and  this  is  what  might  be  expected  a  priori,  from  the  superior  energy 
of  their  nutritive  functions. 

804.  There  appears  to  be,  from  the  first,  a  difference  in  the  Viability  (or 
probability  of  lite)  of  Male  and  Female  children ;  for,  out  of  the  total  num- 
Der  bom  dead,  there  are  3  Males  to  2  Females:  this  proportion  gradually 
leesens,  however,  during  early  infancy ;  being  about  4  to  3  during  the  first 

Fio.  865. 


^  #    m  7S  20  ts  3C        j^u         sa        eo        to        b^       ^o         w 

Diagram  repreaentiDg  the  Comparative  Viability  of  the  Male  and  Female  at  differeDt  Agea. 

two  months,  and  about  4  to  5  during  the  next  three  months;  after  which 
time  the  deaths*  are  nearly  in  proportion  to  the  numbers  of  the  two  sexes  re- 
ipectively,  until  the  age  of  puberty.  The  viability  of  the  two  sexes  continues 
to  increase  during  childhood;  and  attains  its  maximum  between  the  13th  and 
14th  years.  For  a  short  time  after  this  epoch  has  been  passed,  the  rate  of 
mortality  is  higher  in  Females  than  in  Males;  but  from  about  the  age  of  18 
to  28,  the  mortality  is  much  greater  in  Males,  being  at  its  maximum  at  25, 
when  the  viability  is  only  half  what  it  is  at  puberty.  The  fact  is  a  very 
striking  one;  and  shows  most  forcibly  that  the  indulgence  of  the  passions 
not  only  weakens  the  health,  but  in  a  great  number  of  instances  is  the  cause 
of  a  very  premature  death.     From  the  age  of  28  to  that  of  50,  the  mortality 

*  Philosophical  Transactions,  vol.  Ixxvi. 
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je  greater  n.ud  the  viability  le^^  (»n  the  side  uf  the  Female;  this  ia  whiit  would 
be  anticipated  from  the  increa.He<l  n^k  to  whieh  ^he  i^  liable  during  the  par- 
turient period.  Afler  the  age  of  -50,  the  mortQlitTr  i.^  nearly  tbe  j^ine  for 
both. — These  facta  have  been  expre^i^ed  by  Quote  let*  bi  a  form  wbich  brings 
them  promineiuly  before  the  eye  (Fig.  365).  The  relative  viability  of  the 
Male  at  difiereiit'ages  is  repre^euted  by  a  curved  line;  the  ekvatiou  of  which 
indicates  its  degree,  at  the  respective' per icxk  marked  nhmg  ibe  bane  line. 
The  dotted  line,  which  follows  a  different  curve,  repreaetm  the  iriability  of 
the  Female.  Starting  from  a,  the  period  of  birth,  we  arrive  at  the  maxi- 
mum of  viability  for  both  at  h:  from  this  pi»int,  the  Female  eurve  steadily 
descends  towards  n,  at  fir?t  very  rapidly,  but  afterwards  more  graduallr; 
whilst  the  male  curve  d*>es  not  descend  quite  so  soon,  but  aferwarfb  falb 
much  lower,  it?  minimum  being  c,  which  corresponds  with  the  age  of  25 
years.  It  afterwards  ascends  to  rf,  whieh  i»  the  mtiximum  of  viability  gul> 
sequently  to  the  age  of  puberty  i  this  point  h  attained  at  the  age  of  SOVeatii, 
fnnn  which  period  up  to  50,  the  probability  of  life  u  greater  in  the  Male 
than  in  the  Female.  In  the  decUue  of  life,  there  seems  little  or  no  difefr 
enee  for  the  two  aexea. 

Fig.  dm. 
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80-1  Similar  diagrams  have  been  constructed  bv  Quetelet,  to  indit*ale  die 
relative  Heights  anti  Weights  of  the  two  sexes  at  iiifTeretit  ages  (Fig.  30t*).—  j 
In  regard  to  Height  it  may  be  observed,  that  the  int:rease  is  most  rapid  in 
the  first  year,  and  that  it  afterwards  diminishes  gradually;  between  the  igcs 
of  5  and  16  years,  the  annual  increase  is  very  regular.  The  diiFcrence  W 
tween  the  Height  of  the  Male  and  Female,  which  has  been  atn*4idy  stated 
to  prcKHit  itself  at  birth,  eontiuues  to  increase  during  infancy  and  vVmth;  it 
is  not  very  decided,  however,  until  about  the  15th  year,  after  which  the 
growth  of  the  Female  proceeds  al  a  much  dimifii^hed  rate,  whilst  that  of  the 
Male  continues  in  nearly  the  same  degree,  until  about  the  age  of  19  veari. 
It  am>ear8,  then,  that  the  Female  conitss  to  her  full  development  in  n.'gaftl 
to  Height,  earlier  than  does  the  Male*     It  aeems  probable,  from  the  ob^er- 
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vations  of  Quetelet,  that  the  full  Height  of  the  Male  is  not  generally  at- 
taioef)  until  the  age  of  25  years.  At  about  the  age  of  50,  both  Male  and 
Female  undergo  a  diminution  of  their  stature,  which  continues  during  the 
latter  part  of  life. — The  proportional  Weight  of  the  two  sexes  at  difterent 
periods,  corresponds  pretty  closely  with  their  height.  Starting  from  birth, 
the  predominance  then  exhibited  by  the  Male  gradually  increases  during  the 
first  few  years;  but  towards  the  period  of  puberty,  the  proportional  weight 
of  the  Female  increases;  and  at  the  age  of  12  years,  there  is  no  difference 
between  the  two  sexes  in  this  res{)ect.  The  weight  of  the  Male,  however, 
then  increases  much  more  rapidly  than  that  of  the  Female,  especially  be- 
tween the  ages  of  15  and  20  years;  after  the  latter  period,  there  is  no  con- 
siderable increase  on  the  side  of  the  Male,  though  his  maximum  is  not  at- 
tained until  the  age  of  40;  and  there  is  an  absolute  diminution  on  the  part 
of  the  Female,  whose  weight  remains  less  during  nearly  the  whole  period  of 
childbearing.  After  the  termination  of  the  parturient  period,  the  weight 
of  the  Female  again  undergoes  an  increase,  and  its  maximum  is  attained  at 
about  50.  In  old  age,  the  weight  of  both  sexes  undergoes  a  diminution  in 
nearly  the  same  degree.  The  average  Weights  of  the  Male  and  Female 
that  have  attained  their  full  development,  are  20  times  those  of  the  new-born 
InfanU*  of  the  two  sexes  respectively.  The  Heights,  ou  the  other  hand,  are 
about  Zi  times  as  great.^ 

806.   The  chief  differences  in  the  Constitution  of  the  two  sexes,  manifest 
themselves  during  the  period  when  the  Generative  function  of  each  is  in  its 

greatest  vigor.  Many  of  these  distinctions  have  been  already  alluded  to ; 
ut  there  are  others  of  too  great  importance  to  be  overlooked ;  and  these 
chiefly  relate  to  the  Nervous  System  and  its  functions.  There  is  no  obvious 
structural  difference  in  the  Nervous  System  of  the  two  sexes  (putti!ig  aside 
the  local  peculiarities  of  its  distribution  to  the  organs  of  generation),  save 
the  inferior  size  of  the  Cerebral  Hemispheres  in  the  Female.  This  differ- 
ence, which  is  not  observed  in  other  parts  of  the  Encephalon,  is  readily  ac- 
counted for  on  the  principles  formerly  stated  (§  566),  when  we  compare  the 
psychical  character  of  Woman  with  that  of  Man  ;  for  there  can  be  no  doubt 
that — putting  aside  the  exceptional  cases  which  now  and  then  occur — the 
intellectual  powers  of  Woman  are  inferior  to  those  of  Man.  Her  intuitive 
powers  are  certainly  greater  than  his ;  her  perceptions  are  more  acute,  her 
apprehensions  quicker;  and  she  has  a  remarkable  power  of  interpreting  the 
feelings  of  others,  which  gives  to  her,  not  only  a  much  more  ready  sympathy 
with  them,  but  that  facility  iu  guiding  her  actions  so  as  to  be  in  accordance 
with  them,  which  we  call  tact.  This  tact  bears  a  close  correspondence  with 
the  unconscious  adaptiveness  to  particular  ends,  which  we  see  in  Instinctive 
actions.  Notwithstanding  the  superiority  of  her  perceptive  faculties,  her 
capability  of  sustained  mental  exertion  is  much  less ;  and  though  her  views 
are  often  peculiarly  distinguished  by  the  clearness  and  decision  which  result 
from  the  strength  of  her  intuitive  sense,  they  are  generally  deficient  in  that 
comprehensiveness  which  brings  the  ivhole  case  to  be  judged  of,  and  which  is 
consequently  necessary  for  their  stability.  With  less  of  volitional  power 
than  Man  poa^esses,  she  has  the  emotional  in  a  much  stronger  degree.  The 
emotions,  therefore,  predominate;  and  more  frequently  become  the  leading 
springs  of  action,  than  they  do  in  Man.  By  their  direct  influence  upon  the 
b()dily  frame,  they  produce  changes  in  the  Organic  functions,  which  far  sur- 
pass in  degree  anything  of  the  same  kind  that  we  ordinarily  witness  in  Man  ; 
and  they  thus  not  unfrequently  occasion  symptoms  of  an  anomalous  kind, 

*  For  an  flxcellcnt  trealiso  on  The*  Stature  and  Bulk  of  Man  in  the  British  Isles, 
gve  John  Beddoe,  Pamphlet,  1870,  pp.  191. 
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which  a?e  vei-y  perplexing  to  the  Medical  practitiotier^  though  very  inttf 
ing  to  the  Phy^^iologlcal  ob^rver.  But  the»yalso  act  a^  powerful  mtjtivea  to 
the  Will ;  and  when  strongly  calletl  forth,  produce  a  degree  of  vigor  and 
tleiermif>ati<iD,  which  is  vt^ry  surprising  to  those  who  have  usually  seen  tlie 
individual  under  a  dlfierent  aspect.  But  this  vigor,  being  due  (o  the  ftr<mg 
excitement  of  the  Feeling?,  and  not  to  any  inherent  strength  of  Intellet^t,  \^ 
only  i^ustaitied  during  the  peritistence  of  the  motive,  and  fails  as  f^oou  n^s  thi* 
subsides.  The  feelings  of  Woman,  being  frequently  called  forth  by  the  oc- 
currences ^ht  witnesses  around  her,  are  naturally  more  dirfintere^tM  thaQ 
tho^ie  of  Man  :  hh  energy  k  more  cimcentrated  upon  one  ol^ject ;  and  tn  t\m 
his  Intellect  is  directed  with  an  earnestoe2?s  that  too  frec|ueutly  either  lilunt* 
hi^  feelings,  or  carries  them  along  in  the  mime  channel,  thus  rendering  th«*ni 
i?elfish.— In  regard  to  the  inferior  development  of  her  IniellcctuHl  pow^n?, 
therefore,  aiid  lo  the  predominance  of  the  Instinctive,  Wonniu  niuM  W  c^tn* 
side  red  m  ranking  below  Man  ;  hut  in  the  superior  purity  and  elc\-iittoii  of 
her  Feelings,  she  h  as  highly  raised  above  him.  Her  whale  cha racier*  P*y- 
ehical  as  well  as  Corporeal*  is  i»cauli fully  adapted  to  supply  what  \&  d«?;fi- 
cient  in  Man  ;  and  to  elevate  and  refine  those  powers  which  might  otherwise 
he  di  reeled  to  low  and  selfiah  objects, 

5.   Of  Lactation. 

807.  The  new-born  Infant  in  the  Unman  species,  as  in  the  class  of 
malift  genemlly,  is  supplied  with  nourishment  by  a  secretion  elaborated  from 
the  hluwl  of  its  maternal  parent,  hy  certain  glandular  organs  known  as  the 
Ma m m a ry ,  The  s t r u ct \ i re  o f  t h ese ,  which  h as  bee n  th o n>ng h \y  i n v et^t i ga ted 
by  Sir  A.  Cooper^  and  Mn  Birkett,^  is  extremely  simple^  Each  gland  it 
composed  of  a  number  of  separate  glandules,  which  are  connected  togethcf 
by  fibrous  or  fascial  tissue,  in  such  a  manner  as  to  allow  a  certain  degree  of 
mobility  of  its  parts,  one  upon  another,  which  may  aceonitnodate  them  to 
the  actions  of  the  Pectoral  is  muscle  where^m  they  are  bound  down:  and  the 
glandules  are  al^o  c*mnecCed  by  the  ramifications  of  the  lactiferous  lulies, 
which  intermingle  w^iib  one  another  in  §uch  a  manner  as  to  destn:jy  the  ^ini- 
plicity  and  uniformity  of  their  divii^ions,  akhongli  they  rarely  inoiiculale. 
The  mttmt/hrif  hd/es,  or  tenninal  duets  contained  in  the  nipple,  are  u-inally 
about  ten  or  twelve  in  number;  they  are  utmight,  but  of  somewhat  variable 
?ize ;  and  their  orifices,  which  are  situated  in  the  centre  of  the  nipple,  and 
are  usually  cimcealed  by  the  overlapping  of  its  aides^  are  narrower  than  the 
tubes  themselves.  At  the  base  of  the  nipple,  these  inl>efe  dilate  into  r»^r- 
voirs,  which  extend  beneath  the  areola  and  to  some  distance  into  the  gland« 
when  the  breast  is  in  a  state  of  lactation.  These  are  much  larger  in  many 
of  the  lower  Mammalia  than  in  the  Human  female,  in  whom  their  use  is  fti 
supply  the  immediate  wantf*  of  the  child  when  it  i§  first  applied  t*i  ibebreajl, 
eo  that  it  shall  not  t>e  diJ^appointed,  but  ^^hall  be  indneed  to  proceeii  with 
sucking  until  the  ** draught"  be  occ4i^ioncd  iS722k  From  each  «*'  iham 
reservoirs  commence  fivo  or  six  branches  of  the  hietifv^m  fwW,  each  of 
which  si>eedily  subdivide  into  smaller  ones;  and  these  again  divftri<Tite, 
until  their  size  is  very  much  re^luecd,  and  their  extent  greatly  incrca^eil 
(Fig.  367),  These,  like  the  reservoirs  and  mammillary  tubes,  are  composed 
of  a  fibrous  coat  lined  by  a  mucous  rncinbraue;  the  latter  is  highly  vit*cular, 
and  forms  a  secretion  of  its  own^  which  sometimes  collects  in  consid<*nihle 
quantity  w^hen  the  milk  ceases  to  be  produced.     The  smaller  subdivisioitti  of 

i  On  ihe  Anntomy  «f  tb«  BreH^t,  1840. 
*  The  DipfiiiM^i  ,^f  ihp  Brm^L  nmi  ihdr  Trcnttnent,  1850. 
Hi  vista  Scieniif  del   Akwd.  du  FisiiicHlkn,  ij,  p.  8$, 
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ne  iftctifcrou^  tube.s  proc!ee»1  to  di^titict  lobuli  in  each  glnndulo  ;  so  flmt  when 
1 4  bmnoh  of  xi  niiimmillary  tub©  hap  been  filled  with  irijeetioii,  its  attarhed 
jIobuIe«,  if  ^npfimted  from  each  other  by  bjng  maceratiou,  are  like  a  bunch 
[of  Iruit^  clui?tercd  up*jii  a  sUiik  (Fig.  3ti8},     When  the  laciiferons  tubes  art* 
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DUtrJUMtJQti  al  tho  Milk-duct*  in  tbu  Mt^mioa  of  \\\^  Ihnntiti  Femule,  duHng  Iictatluu;  tttedticti 

itijrctpd  vrilb  ff:i2t. 

;>urfiued  to  their  ultimate  dbtributioD,  the?  are  ftjuiid  to  terminate  in  foUi- 

ties*,  \vho3€  size,  in  full  lactation^  is  that  ot  a  hole  pricked  In  paper  by  thu 

[point  of  a  very  fine  pin,  so  that,  when  distended  with  cjuiek^ilver  or  milk, 


Fia,  3fi«. 


Flo.  ad». 


Ffo.  3n8— T^rmluuiloa  of  po^U^a  uf  MUk-<|u«t  [a  a  cIustoT  of  foUicUs ;  frum  li  in^reurUl  Ipji^tlon ; 
(«fiUfi^  f«»iir  tinier. 

Fio.  3«9.— tnWwile  fcill!e|e«  ^f  MfttP 01*17  glAod,  wltJi  their  t^fvllag  cetl*^ «,  «,  tiod  nuclei,  6,  ft. 

f  they  are  Just  visible  to  the  naked  eye;  at  other  tinies^  however,  the  fotlieles 
[do  not  admit  of  being  injeeted,  though  the  laetiferous  tubes  may  have  been 
I  a;»0iplete!y  filled.    They  are  lined  by  a  oontinuition  of  the  sanie  membrane 


972 


OF   GENERATION  — LACTATION, 


with  that  which  lines  the  tliictst ;  and  this  iK>ssesaea  a  high  vaaeularitj.  Tbej 
arteries  which  supply  the  ghmdules  with  blood,  become  very  large  dunin 
laeUition ;  and  their  divisions  spread  themselves?  minutely  on  the  fiiUiclei| 
From  the  blood  which  they  C(mvc}%  the  milk  is  secreted  and  poured  mta  tli4 
follicle,  whence  it  flows  into  the  ducts.     The  inner  surface  of  the  milk-ft>lli« 
cle4«,  in  common  with  other  ghindular  structure.^,  is  covered  witli  a  layer 
epithelium-eelb  (Fig,  369),  a^j  was  first  ot)serveii  by  Prof.  G*Kjd^ir;  aiid 
IneEe,  being  seen  to  contain  milk -globules,  may  without  doubt  be  regsiniedj 
as  the  real  agents  in  the  secreting  process.     Absorbent  ve?«el§  are  seen  ' 
ans?e  in  large  numbers  in  the  neighborhood  of  the  foil  idea;  their  futiclifl 
appears  to  be,  to  absorb  the  more  watery  part  of  the  milk  conUiltied  in   ^ 
follicles  and  tubes,  fo  as  to  render  it  more  nutrient  than  it  is  whcti  firsit  m-1 
ere  ted ;  and*aUo  to  relieve  the  distension  which  would  occur,  duriiig  tb^l 
absence  of  the  child,  from  the  coiitinimnce  of  the  secreting  process. 

808*  The  Mammary  gland  may  be  detected  at  an  early  |)eri(M!  of  feul 
existence;  being  easily  distinguishable  from  the  surrounding  parts  by  th 
redness  of  its  color  and  its  high  vascularity,  esjiecially  when  the  whole 
injected.  At  thi:^  period  it  presents  no  difference  in  the  luiile  smd  femah;-j 
and  it  h  not  until  near  the  period  of  puberty  that  auy  striking  change  manir 
fests  itself,  the  gluud  continuing  to  grow,  in  tlie  one  »ex  us  in  the  other,  tn 
proportion  to  the  body  at  large.  At  about  the  age  of  thirteen  ycai^,  hm 
ever,  the  enlarj^cment  of  the  gland  eommences  in  the  Female;  and  by  *it*] 
teeu,  it  is  greatly  evolved,  and  some  of  the  lactiferous  tubes  can  be  inject 
At  about  the  agV  of  twenty,  the  gland  attain!?  it§  full  size  previous  to  he 
tion;  but  the  ntilk-follielea  cannot  even  iheu  be  itijected  from  the  tot 
During  progmuicy,  the  nmmmj^  receive  a  grcaily  increased  quantity 
blood.  This  determi nation  often  eommences  very  early,,  and  pHwlncc* 
feeling  of  tenderness  and  distenmou,  which  is  a  valuable  sign  (where  it  exi*K 
in  connection  with  others)  of  the  commencement  of  gestation  (§  758 V, 
true  lacteal  secretion  u*?ually  commences  about  the  third  or  fourth  nionlh  > 
pregnancy,  ami  may  be  obtained  by  pressure  carefully  applied.  Thi^  inaj 
be  turned  to  useful  account,  in  diagnosing  cases  of  concealed  or  doubtfiM 
pregnancy  from  cases  of  simple  suppre^ion  of  the  catamenia  ;  but  it  wil 
not  serve  to  distinguish  true  pregnaucy  from  spurious,  or  from  the  diHteiisi^ii 
of  the  uterus  by  tumoi-s.^  The  vascularity  of  the  gland  continue*  to  incf 
during  pregnancy;  and  at  the  time  of  psirturi  tion  its  lobulated  charact«?r< 
be  distinctly  telt.  The  follicles  are  not,  however,  devt*lo{)ei^  sufficiently  foi 
injection,  until  lactation  has  commenced.  Aft^^r  the  cessation  of  the  cati 
menia  from  age,  so  that  pregnancy  is  no  longer  possible,  the  lactiferous  due 
c€tntinue  open,  but  the  milk- follicles  are  incapable  of  n^ceivine  injeeli^a 
The  substance  of  the  glandules  gradually  disappears,  so  that  in  old  age  onlj 
portions  of  the  ducts  remain,  which  are  usually  loaded  with  mucu*;  but 
p bee  of  the  glandules  i^  commonly  filled  up  by  adipose  tissue,  so  that  th 
form  of  the  breast  is  preserved.  Sir  A.  Coojjer  noticts  a  eurioii- 
which  he  states  to  be  alnmsfc  invariable  with  age — namely^the  onsi:  f| 

the  arteries  of  the  breast,  the  large  trunks  a**  well  as  the  b ranches,  ao  that 
their  calibre  i^^  greatly  diminished  or  even  obliteratetL 

809.  The  Mammary  gland  of  the  Male  is  a  mrt  of  miniature  picture  f>f 
that  of  the  Female,  It  varies  extrt?mely  in  its  niagnitude;  tieing  in  iome 
persons  of  the  sixe  of  a  large  pea  :  whilst  in  otber:^  it  h  an  inch,  ur  uvi*n  lirr. 
inches,  in  diameter.  In  its  structure  it  corresponds  estaetly  with  thai  i^f 
the  female,  but  is  altogisther  formed  on  a  smaller  scale.     It  is  e<mipt3ted  d 

*  Si-e  a  vMhrnblfi  piip4^r  by  D.  F^^ilie,  On  tb^  Mainniarj  Secraiion,  in  lb«(  Stflial 
Monthly  Journal,  Aug,  1648. 
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lobules  coDtaining  follicles,  from  which  ducts  arise ;  and  these  follicles  and 
ducts  are  not  too  minute  to  be  injected,  although  with  dilSiculty.  The  evo- 
lution of  the  gland  goes  on  pari  passu  with  that  of  the  body,  not  undergoing 
AU  increase  at  any  particular  period  ;  it  is  sometimes  of  considerable  size  in 
old  age.  A  fluid,  which  is  probably  mucus,  may  be  pressed  from  the  nipple 
in  many  persons ;  and  this  in  the  dead  body,  with  even  more  facility  than 
in  tlie  living.  That  the  essential  character  of  the  gland  is  the  same  in  the 
male  as  in  the  female,  is  shown  by  the  instances,  of  which  there  are  now 
■everal  on  record,  in  which  infants  have  been  suckled  by  men  (§  790). 

810.  Although  the  state  of  functional  activity  in  the  Mammary  gland  is 
usually  limited  to  the  epoch  succeeding  Parturition,  ^et  this  is  not  invari- 
ably the  case ;  for  numerous  instances  are  on  record,  m  which  young  women 
who  have  never  borne  children,  and  even  old  women  long  past  the  period  of 
childbearing,  have  had  such  a  copious  flow  of  milk  as  to  be  able  to  act  as 
efficient  nurses.^  In  these  cases,  tne  strong  desire  to  furnish  milk,  and  con- 
tinued irritation  of  the  nipple  by  the  infant's  mouth,  seem  to  have  furnished 
the  stimulus  requisite  for  the  formation  of  the  secretion,  and  it  has  been 
found  that  this  is  usually  adequate  to  restore  the  secretion,  after  it  has  been 
intermitted  for  some  months  during  the  ordinary  period  of  lactation,  in  con- 
sequence of  disorder  or  debility  on  the  part  of  the  mother,  or  any  other 
cause  ;  so  that  where  her  condition  renders  it  advisable  that  she  should  dis- 
continue nursing  for  a  time,  the  child  may  be  withdrawn  and  the  milk 
"dried  up,"  with  a  confident  expectation  that  the  secretion  may  be  repro- 
duced suWquentlv.'  Dr.  McWilliam  mentions  in  his  report  of  the  Niger 
Expedition,'  that  the  inhabitants  of  Bona  Vista  (Cape  de  Verd  Island)  are 
accustomed  to  provide  a  wet-nurse  in  cases  of  emergency,  in  the  person  of 
any  woman  who  has  once  borne  a  child  and  is  still  within  the  age  of  child- 
bearing,  by  continued  fomentation  of  the  mamma  with  a  decoction  of  the 
leaves  of  the  jatropha  curcas,  and  by  suction  of  the  nipple. — The  most  curi- 
ous fact,  however,  is  that  even  Men  should  occasionally  be  able  to  perform 
the  duties  of  nurses,  and  should  furnish  an  adequate  supply  of  infantile 
nutriment.  Several  cases  of  this  kind  are  upon  record,*  but  one  of  the  most 
recent  and  authentic  is  that  given  by  Dr.  Dunglison.*  "Professor  Hall,  of 
the  University  of  Maryland,  exhibited  to  his  Obstetrical  class,  in  the  year 
1837,  a  colored  man,  fifty-five  years  of  age,  who  had  large,  soft,  well-formed 
mammae,  rather  more  conical  than  those  of  the  female,  and  projecting  fully 
seven  inches  from  the  chest ;  with  peri'ect  and  large  nipples.  The  glandular 
structure  seemed  to  the  touch  to  be  exactly  like  that  of  the  female.  This 
man  had  officiated  as  wet-nurse  for  several  years  in  the  family  of  his  mistress; 
and  he  represented  that  the  secretion  of  milk  was  induced  by  applying  the 
children  intrusted  to  his  care,  to  the  breast  during  the  night.     When  the 

•  A  collection  of  such  cases  is  given  in  Dr.  DungVison's  Human  Physiology,  7th 
edit.,  vol.  ii,  p.  518 

•  See  an  account  of  M.  Trousseau's  experience  on  this  point,  in  L'Union  Medicnle, 
1862,  No.  7 ;  and  paper  by  Dr.  Bullou  in  the  Amer.  Journ.  of  Med.  Sci.,  Jan.  1852. 

•  Medical  Gazette,  Jan.'  1847. 

•  See  the  case  described  by  the  Bishop  of  Cork,  in  the  Philosophical  Transactions, 
Tol.  xli,p.  818;  one  mentioned  by  Sir  John  Franklin  (Narrative  of  a  Journey  to  the 
Polar  Sea,  p.  157) ;  and  one  which  ft!ll  under  the  n-aico  of  the  celebrat^^d  traveller 
Humboldt  (Personal  Narrative,  vol   iii,  p.  58). 

•  Human  Physiology,  7th  edit.,  vol.  ii,  p.  614.  Dr.  Dunglison  also  mentions  that 
in  the  winter  of  1849-50,  an  athletic  man,  twonty-two  years  of  age,  presented  him- 
self at  the  Jefferson  Medical  Collei^eat  Philadelphia,  whose  left  mamma  without  any 
OJuiffnnhie  rnime^  had  become  cfreatly  developed,  and  secreted  milk  copiously. — It  may 
be  added  that  a  lactescent  fluid,  appan»ntly  presenting  the  character  of  true  milk, 
may  frequently  be  expressrd  from  the  mammary  glands  of  infants.  (See  Dublin 
Medical  Press,*  April  17th,  1850  ) 
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milk  vta6  no  longer  reqiii red,  great  difficulty  was  eiEpericuced  in  Arreeting 
the  secretion.  His  genital  orguiis  were  fully  iie^eloped/*  Ctjrre^ptindtiig 
fftcts  are  also  recorrled  of  the  luiile  of  E*evcral  of  the  lower  an  i  maid, 

81 L  The  secretion  iyf  Milk  consists  of  Water,  lit*ldlng  in  ^olutiim  Bug&r, 
various  Baline  ingredienli?,  and  the  peculiar  albuminous  subi^tunc^r  tenned 
Casein  ;  and  having  01ea|fiiJou?  particles  su^^pended  in  it.  Ite  reaction  k 
Bometimc^  alkaHne,  jiometimes  neutral, and  ^ometinies  acid*  Cowa  milk  m 
usually,  and  the  milk  of  Carnivora  always,  aeid,*  from  the  pres^?nce  of  free 
lactic  acid.  The  constitution  of  this  tluiiJ  is  mmle  evident  Ky  the  ordinary 
pnK'esste^i  to  which  it  is  suhjecte*!  in  domestic  economy.  If  it  be  allowed  to 
stand  for  some  time,  exposed  to  the  air,  the  greater  part  of  the  oleaginou* 
globules  come  to  the  surface,  being  of  le.^  inperifie  gravity  than  the  fluid 
through  which  they  are  didused:  this  m  especially  the  cji^  with  the  larpr 
faceted  globules^  which  have  heen  hence  distiiigutsihed  ay  **cnmm  globulea/* 
Theerffjm  thus  formed  does  not ,  however,  consist  of  oily  particles  ahme: 
but  ineludeis  a  considerable  amount  of  casein,  with  the  sugar  and  &alt*<  of  th« 
milk,  The^^  are  further  separated  by  the  continued  agitation  of  the  cream; 
whichj  by  rupturing  the  envelopes  of  the  oiUglobules,  aeparates  it  into^w^ter, 

Fio,  37a 


■-^XV-^^-f 


lilero«c«|>1e  ftp}wantl«^of  HumaD  Milk,  wtth  kn  liit#rmixltir«  of  D»1(»trk  eoi 


irf>iiaH«iil««,t*l 


formed  by  their  aggregation*  and  btiti^rmUk,  eontftiniDg  the  ca»ein.  mg  , 
etc,  A  considerable  ipiantity  of  casein,  however,  I*  entangled  wiili  tho  ole- 
aginous* matter,  and  this  has  a  tendency  to  decompose,  so  a*  to  render  the 
butter  rancid  ;  it  n»ay  be  separated  by  keeping  the  butter  melted  at  the 
temperature  of  180^/ when  the  casein  will  Jail  to  the  hottom,  leaving  the 
butter  pure  and  much  le*s  liable  to  chauge.^The  miJk,  after  the  cream  ha* 
been  removed,  still  contains  the  greatest  part  of  its  casein  and  sugar.  The 
amount  of  casein  and  of  fat  increases  when  milk  is  allowed  to  stand  for 
twenty-four  hours,  the  former  at  the  expense  of  the  albumen,'  and  the  Utter 
under  the  influence  of  fungi.  Thus  kemmerieh  found  in  colostrum  imnifr 
diately  atVer  withdrawal  81^  parts  of  ca^in,  and  4li|  parts  of  albumen,  but 
after  the  lapse  of  24  boui^  these  proportions  were  reversed,  the  quandliss 


888, 


Cnw  *ind  Ociflt,  BojE^tmoloff,  CcntfjilblaU,'l871.  p. 


Se<»  in  r&gftrd  to  the  Compirjitive  CbemkirT  of  t^ 
'  Kemmerieh,  FflOger'a  Archiv,  Bd,  H,  p  401 
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being  42.4  of  caseiD  and  30.6  of  albumeD.^  If  it  be  kept  long  enough,  a 
spontaneous  change  takes  place  iu  its  composition  ;  the  sugar  is  converted 
into  lactic  acid,  and  this  coagulates  the  casein,  precipitating  it  in  small 
flakes.  The  same  precipitation  may  be  accomplished  at  any  time  by  the 
addition  of  an  acid ;  all  the  acids,  however,  which  act  upon  albumen,  do 
not  precipitate  casein,  as  will  presently  be  pointed  out  in  detail ;  the  most 
efectual  IS  that  contained  in  the  dried  stomach  of  a  calf,  known  as  rennet. 
The  whey  left  after  the  curd  has  been  separated  contains  a  large  proportion 
of  the  saccharine  and  saline  matter  that  entered  into  the  original  composi- 
tion of  the  milk  ;  this  may  be  readily  separated  by  evaporation. 

812.  When  Milk  is  examined  with  the  Microscope,  it  b  seen  to  contain  a 
lai^  number  of  particles,  of  irregular  size  and  form,  suspended  in  a  some- 
what turbid  fluia  (Fig.  370) ;  these  particles  vary  in  size  from  about  the 
Ti4oii^^  to  the  sdVv^^  ^^^°  ^^^^  f  ^"^  ^^^y  ^^  termed  "milk  globules."  They 
are  not  affected  by  the  mere  contact  of  ether  or  alkalies;  but  if  these  reagents 
are  shaken  with  them,  an  immediate  solution  is  the  result.  The  same  effect 
happens  if  they  are  first  treated  with  acetic  acid.  Hence  it  is  evident  that 
the  globules  consist  of  oily  matter,  inclosed  in  an  envelope  of  some  kind ; 
and  an  extremely  delicate  pellicle  may,  iu  fact,  be  distinguished,  after  the 
removal  of  the  oily  matter  by  ether,  or  after  the  globules  have  been  rup- 
tured and  their  contents  pressed  out,  by  rubbing  a  drop  of  milk  between  two 
plates  of  glass.  No  proof  of  the  organization  of  this  pellicle  has,  however, 
Deen  detected ;  and  it  is  probably  to  oe  regarded  as  the  simple  result  of  the 
contact  of  oil  with  albuminous  matter.' — Besides  these  milk-globules,  other 

{^lobules  of  much  smaller  size  are  seen  in  milk;  and  these  present  the  pecu- 
iar  movement  which  is  exhibited  by  molecules  iu  general.  Most  of  them 
aeem  to  consist  of  oily  matter  not  inclosed  in  an  envelope,  as  they  are  at 
once  dissolved  when  the  fluid  is  treated  with  ether,  but,  according  to  the 
statements  of  Donn^,  it  would  seem  that  a  portion  of  them  are  composed  of 
casein,  suspended,  not  dissolved,  in^he  fluid. — The  colostrum,  or  milk  secreted 
during  the  first  week  after  delivery,  is  described  by  Dr.  Davy,  in  the  case  of 
the  cow,  as  being  of  a  rich  yellow  color,  less  fluid  than  the  milk  of  a  later 
period,  of  a  higher  specific  gravity  (1075),  slightly  acid,  and  containing 
large  oil-globules,  a  few  irregular  flakes,  probably  epithelium  scales,  a  little 
muular  matter  like  curd,  and  a  small  number  of  granular  corpuscles,  the 
largest  of  which  are  about  the  jli^th  of  an  inch  in  diameter  (Fig.  370,  a  a). 
It  coagulates  on  being  heated  to  about  163°  F.**  The  granular  corpuscles, 
when  maintained  at  a  temperature  of  100°  F.,  exhibit  feeble  amoeboid 
movements  (^Strieker  and  Schwarz).  They  are  probably  epithelial  cells  of 
the  mammary  ducts  which  have  undergone  fatty  degeneration.*  The  chemi- 
cal composition  of  the  solids  of  the  colostrum,  as  compared  with  the  milk  of 
a  subsequent  period,  is  well  given  in  the  following  percentage  table  by  Dr. 
Tolmatscheff:^ 

Age.  TempGramont, 

On    4th  day  after  delivery,  .  .  23  Fair,  raid,  stature, 

"     6th         •♦  •*  .  .  22  Large,  fair,  strong, 

«•    16th         **  "  .  .  2*2  Large,  dark,  strong, 

*«   86th         »•  "  .  .  84  Large,  fair,  strong, 

*  For  a  ditfcupsion  on  the  resemblances  and  differences  betw<»en  Casein  and  Alkali- 
•Ibuminate,  nea  Soxlet,  Journ.  f.  Fract.  Chomie,  1872,  Bd.  vi,  p.  1. 

*  The  presence  of  an  albuminous  envelope  to  the  oil-globules  floating  in  milk  has 
been  called  in  question  by  Kehrer,  Archiv  f.  Gynajcol.,  Bd.  ii,  1871,  p.  1  (see  also 
Zahn,  Pfliiffer's  Archiv,  1809,  p.  598),  but  is  mainluined  by  Scbwalbe,  Max  Schultze's 
Archiv,  Bd.  viii,  p.  269. 

*  See  also  Bernard,  Lemons,  vol.  ii,  1859,  p.  224. 

*  See  Keinhardt,  Abstract  in  Edin.  Journ.,  Feb.  1848. 
»  Hoppo-Seyler,  Med.  Chem.  Unters.,  1867,  p.  272. 


Casein  and 
Albumen. 

Fat. 

Sugar. 

4.188 

2.471 

4  83 

2.050 

8.177 

6  76 

2U77 

2  939 

6.90 

1.104 

1.718 

6.26 

Phviiologically  considered/  ihe  most  marked  peculiarftics  of  the  colosti 
m  the  cow  are  the  coucentratioD  of  Dutritive  Diatter  in  it;  the  greater  fact 
with  which  it  coagulates  by  rennet  m  compared  wiib  older  milk*  ami  tti 
greater  power  of  resisting  etiange  when  exjm^^ed  to  the  action  of  air.  All  of 
these  are  qimlitrea  whit^h  may  be  eminently  serviceable,  viewing  il  as  llta 
f)  rst  food  of  th  e  y  on  ng  a  n  i  m  a  L  Th  u  e  i  ts  easy  coag  ii  I  a  b  i  1  i  ty  ni  ay  oe  ftdaptwl 
to  the  comparatively  weak  gastric  juice  of  the  young  auimaK  It:*  power  wf 
renmining  ^mifliiid,  and  of  resisting  change  may  adapt  a  part  of  it  to  the 
intestines*,  to  promote  tbe  removal  of  tbemecoDium  j  wlulst  it.*?  com-eiitmtion 
m  nutritive  matter  may  permit  it  to  fulfil  the  same  office  for  the  yotnig  mam* 
mal  m  the  food^yolk  tor  tbe  oviparous  vertebrate*  According  to  Benmni,' 
the  Colostrum  of  the  Human  female  contains  a  very  large  tpmutily  of  al- 
bumen, since  it  coagidates  en  mame  when  it  ia  heated.  At  a  later  [x^riod 
noue  can  be  discovereil  by  this  method;  but  if  sulphate  of  magnesia  W 
added,  all  the  casein  and  the  butter  will  be  thrown  down,  and  on  Hit  ration 
will  he  left  on  the  filter  with  the  sulphate  uf  magnesia;  the  fillrate  will  th«fa 
contain  the  albumen  and  the  sugar  of  milk,  and  will  coagulate  on  heat.  All 
the  larger  globules  of  oil  may  be  removed  by  rept^ated  filtration  ;  and  the 
fluid  is  then  nearly  tranetparent,  Tim,  in  fact,  is  the  simplest  way  of  acpa- 
rating  the  oleaginous  from  the  other  constituents  of  the  milk;  as"  but  little 
ca^^ein  thtin  adherer  to  the  former.  The  transparent  fluid,  which  hasi  |msc5«Kl 
through  the  filter,  contains  nearly  the  wliole  amount  of  the  casein  of  the 
milk  ;  but  even  in  this  fluid  there  are  tbund  globules  too  minute  t*^  lie  kept 
back  by  the  filter,  wliose  chemical  rcnctions  mark  them  as  oleaH-inons* 

813.  We  shall  naw  consider  the  chemical  chn meters  of  each  of  the  for^ 
going  ingredients.— The  Oittiffhwm  matter  of  milk  principally  consists  of  t lie 
ordinary  t^mponents  of  fat;  but  it  also  contains  another  tiubstJtnce  jtcruliar 
to  it|  designated  as  buU/rhif  to  which  the  peculiar  smell  and  tiiste  of  butter 
are  due;  this  yields  in  saponification  three  volatile  acids*  of  f^troug  animal 
odor^  to  which  Chevreul  has  given  the  names  of  butyric,  improic,  and  eapric 
acids.  These  peculiar  acids  are  not  only  ftu'nied  when  the  nutyrin  if»  treated 
witii  alkalies;  nut  are  produced  by  the  ordinary  flecom position  of  thi&  princi- 
ple, which  is  favorcfl  by  time  and  moderate  warmth.  The  Cfmein  of  Uuman 
milk,  however^  by  some  chemists  regarded  as  only  a  combination  of  albo- 
meu  with  soda^  i^  usually  said  to  be  much  less  precipitable  by  aeidti  ihaii  ii 
that  of  the  Cow;  very  commonly  resisting  the  action  of  the'mineral  adfi«> 
and  even  that  of  the  acetic;  but  Wng  always  coagulated  by  rennet,  Uiciygli 
the  curd  is  long  in  collecting.  On  thi:?  point,  however,  there  ha«  been  much 
discrepancy  of  statement,  on  which  the  exixrriment^t  of  Mr.  Moore*  tlm>ir 
some  light.  It  appears  from  the  re^nlt«  obtained  by  him,  that  Human  Milk 
forms  witli  most  acids  two  setjs  of  cotnj.munds,  one  of  them  soluble  \u  water, 
the  other  insoluble;  the  latter  being  formed  only  when  the  quantity  of  acirl 
IS  large  in  proportion  to  the  casein.  Thus,  when  two  fluid  mtftee/nf  CWi 
milk  were  bciiled  with  a  single  drop  of  nitric  acid,  complete  coagnbitii>n  of 
the  casein  at  once  tot>k  place;  but  when  two  fluid  drnelum  of  Humat)  niilk 
were  treated  in  the  sume  tnanncr,  no  coagulation  occurred,  though  tht*  a*i*eia 
was  at  once  thrown  down  by  a  solution  of  fernjcyanide  of  poia,i43ium  ;  the  same 
quantity  of  milk,  with  tive  drops  of  the  acid,  formed  a  coagulum  which  was 
not  very  manifest  until  after  the  lapse  of  five  hours,  but  was  very  a^mphtte, 
tne  serous  fluid  not  being  found  to  contain  any  casein  by  testing  it  with  fer^ 
rocyaiiide  of  potassium;  and  it  required  tea  drops  of  nitric  acid  to  prodttce 
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immediate  coagulation.    The  quantity  of  acid  necefrsary  to  produce  coagu- 

•  Jatiou  suffidenlly  rapid  tu  be  inimediatety  visible^  will  vary  with  the  amouut 
of  casein  present  in  the  particular  gp^cimen  of  milk,  5  drops  in  some  iustanrea 
producing  a  coagulation  as  rapid  aa  that  produced  by  10  drops  in  others* 
In  no  specimen  did  Mr.  Moore  fail  to  produce  coagulation  by  addicg  a  &uffi- 

Icieucy  of  acid.  Acetic  acid  without  neat  produces  in  Human  milk  a  &Iow 
separation  of  soft  flaky  coagula;  but  when  heat  is  employed,  a  more  perieet 
coagulatiou  is  produced  by  i?mall^  than  by  large  quunthies  of  this  acid. 
Rennet  does  not  seem  to  act  upon  the  casein  of  Human  milk,  unles??  an  acid 
be  ako  present.  In  several  of  these  particulars,  aa  well  as  in  its  jimall  pro- 
portional amount,  the  Casein  of  Ass's  milk  bears  a  closer  resemblance  to 
that  of  Human  milk  than  does  that  of  the  Cow. — The  Su^ar  nf  Milk,  which 
may  be  tibtained  by  evaporating  whey  to  the  coujsistence  of  a  syrup,  and 
then  setting  it  aside  to  crystallize,  forms  four-sided  prisms,  whose  compo- 
sition 13  Ci4,Hl*J,019  +  oHCJ,  In  many  of  its  properties  it  bear^  a 
IcKtse  resemblance  to  Glucose  or  Grape  sugar,  tnto  wnich  it  is  readily  Ciju- 
verted  by  the  agency  of  dilute  .sulphuric  or  hydrochloric  acid,  or  by  the 
acetic  or 'citric  acidi^.  It  Is  readily  made  to  pass  into  the  lactic  and  butyric 
ierinentation,  by  the  appropriare  femeuU;  hut  h  with  difficulty  brought  to 
undergo  the  vinous  fermentation.*— The  ^^ialute  matter  contained  in  milk,  ap- 
pearii  to  be  nearly  identical  with  that  of  the  blood;  with  a  larger  proportion 
of  the  phosphates  of  lime  and  magnesia,  which  amount  to  2  or  2 i  parts  in 

PIOOO,  Tlie^e  phgsphate*s  are  held  in  sohitiou  chiefly  by  the  casein,  which 
seeuj^  to  have  a  power  of  fombiniog  with  tbem  even  greater  than  that  of  albu- 
men :  the  presence  of  a  minute  proportion  of  free  alkali  also  assists  their  solu- 
liim.     A  small  portion  of  iron  in  the  state  of  phosphate,  together  with  the 

I  chlorides  of  potassium  and  sodium,  may  also  be  detected  in  milk  J 
814.  The  proportion  of  these  diflerent  constituents  is  liable  to  great  vari- 
ation, from  several  causes.  Thus^  the  whole  amount  of  the  solid  constit- 
uents may  vary  from  86  to  138.6  parts  in  lOCK);  the  di  He  re  nee  l>eing  partly 
due  to  invtdual  constitution^  but  in  great  part  also  to  the  amount  and  char- 
acter of  the  ingesta.  The  average  seems  to  be  between  1(>()  and  120  parts* 
The  following  table ^  will  serve  to  indicate  the  usual  com|>osition,  as  well  as 

Lthe  ordinary  variations  occurring  in  Human  milk: 
K  ftiifj         Bodf'ckeT,    OrifEth.       f><iy?rf.         Simon.  an*i         Hmnner.* 

■  Fillii^t'  OiitvfiVlier, 

■ilcr,  -,.,._.  «74J  61125  STfi.OO  870,fl         8ijl.fl-ftI4,0       t70.3  yoO 

Stipar  of  mVt^  ..**<»  «t.6  «1 7S  70.0  ^.%—  mA         65,0  filft 

\Ai.   ........    47 Ji  »1^  25,41  U^  *.tl— 54.W         mj&  J7.a 

AUmmea,  CKHia,  He.,  ,      9.S  IV.O  VIM  Id  A  l^A—  45.0         U.2  &M 

^lU, 11  IJ  1.55  l.«  1,S—    Z7  4.5  M.a 

Scbnkowsky*  gives  30  i>er  lOi)  as  the  average  proportion  of  oleaginous  mat- 
ters  in  the  milk  of  Knsi?ian  women.  Milk  contaius  alxmt  3  f>er  cent,  of 
its  volume  of  <»as,  having  a  percentage  composition  of  55.15  of  Carbonic 
acid,  40.5*>  of  Nitrogen,  and  4.29  of  Oxygen.  It  further  appears  from  the 
analyses  of  Siniou,  that  the  proportion  of  the  different  ingredients  is  liable 
to  variation  according  to  the  time  which  has  elaps'ed  since  parturition.  The 
quantity  of  Casein  is  at  its  minimum  at  the  commencement  of  laetatiun, 

I    and  then  gradually  rises  until  it  attains  a  nearly  fixed  proportion.     The 
^  Utiidlcm  in  Ann^len  dt'f  Chemif  rind  FhiiFmftcie,  Bfl  xlv,  p    IM. 
■  Cunstttti's  JHhresWrieht,  1&50*  ^  H^'nle  and  Meij^sner'a  Bench t,  1867,  p.  829. 

«  Brunner,  Pfliiger^e  Arcbiv,  Bd.  vir,  18":?,  p.  4:1\. 

*  FflOger'fl  Arch  I V,  1674^  B<S,  viii,  p.  507-  iSw  mIso  Li  i  wit  for  n  comnuri^un  uf  the 
results  obliiined  by  analyzing  unlk  m  the  several  vtnyi  rt^oinmendL-d  by  Trumnier, 
Hvppe^Seyler,  and  Subukowsky,  in  Pflug^r'*  Arch iv,Vj 874,  Bd,  ix,  p.  66. 
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quantit}*  of  Bugar,  on  the  coutntry,  is  at  its  nia^Eimuui  at  first,  and  gmt\n^ 
ally  dilniDis^hes.  The  amount  6i'  Butter  (a^i  appears  froro  the  wiiie  ex- 
tnWs  ghowii  in  the  above  tables)  is  tiiore  variable  than  that  of  mn  tith<?r 
Coii5titueni, — Tliat  aonje  of  the  variation.*,  moreover,  are  due  to  the  eb*l^ 
acter  of  the  ingesta,  and  others  to  the  exterDal  temptratyre,  nmoirnt 
of  exercise,  and  other  circnnistanee^  afleeting  the  individual,  is  proveil 
by  the  inquiries  of  Dr.  Playi'air  upon  the  Milk  of  the  Cow.  He  has  shown 
tllat  the  amount  of  butter  depends  in  part  upon  the  quantity  of  oily 
matter  in  the  food,  and  in  part  upon  the  amount  of  exercisie  which  the  ani- 
mal takt?i?  and  the  warmth  of  the  atmosphere  in  which  it  is  keptr  exercise 
and  cold  by  increasiug  the  respiration,  eliminate  part  of  llie  oily  matter  in 
the  form  of  carbonic  acid  and  vrater;  whilBt  rest  aud  warmth,  by  diminisih- 
ing  thijs  drain,  favor  its  passage  into  the  milk.  The  proportion  of  Ca^^io, 
on  the  other  hand,  h  increased  by  exercise.  Dr.  Playfair's  experience  oo 
this  bead  ?ieema  to  correspond  with  the  re^ult^  of  common  observation  it* 
Switzerland ;  for  where  tlje  cattle  pasture  in  very  exposed  Fiituation^p  aiiti 
are  obliged  lr>  use  a  great  deal  of  muscular  exertion,  toe  quantity  of  butter 
yielded  by  them  is  very  small,  whilst  the  cheese  is  in  unusually  large  pm- 
portiou ;  but  these  same  cattle,  when  atalbfed,  give  a  large  quantity  of  butter 
and  very  little  cheese*  It  ia  quite  possible,  tuoroover,  that  particular  bree<l4 
of  cattle  may  yield  milk  of  a  richer  quality  than  others.  Thus  Venioig  aud 
Becquerer  found  that  Tyroleaej  Dutch,  aud  Swiss  eows  give  milk  e^Jiitain- 
iug  from  7  to  nearly  10  per  cent  of  butter,  with  much  casein  and  albumen; 
whilst  the  cowa  in  the  immediate  neighborhood  of  Paris  furnished  a  p<M>r 
milk,  containing  ouly  8.6  or  3:7  per  cent,  of  butter,  and  little  easoiu.  The 
total  amount  of  SMvlid  matter  in  the  milk  diminishes  with  age,  being  mos^ 
abundant  in  nuryiug  women  of  from  15  to  20  years,  and  smalleat  m  those  of 
frf im  35  to  40  yean*  nf  age* 

815.  The  change  which  naturally  takes  place  from  the  condition  of  Colos- 
trum to  that  of  true  Milk,  during  the  first  week  of  laetatioDp  is  a  very  im- 
portant one.  The  Colostrum  has  a  purgative  effect  upon  the  chiUl,  which  ii 
very  useful  in  clearing  its  bowels  of  the  meconium  that  loads  them  at  birth: 
and  thus  the  necessity  of  any  other  purgative  is  generally  sujie reeded. 
Occasional ly,  however,  the  mhdric  character  is  retained  by  the  milk  duiijig 
an  abnormally  long  period ;  and  the  health  of  the  infant  is  then  savei^l? 
affected.  It  is  important  to  know  that  this  may  occur,  even  though  the  milK 
may  present  all  the  usual  apj>earances  of  the  healthy  secretion  ;  but  the 
microscope  at  once  detects  the  difference.'  The  return  to  the  character  of 
the  early  milk,  which  has  been  stated  to  take  place  after  the  expiraiion  of 
about  twelve  months,  seems  to  indicate  that  Nature  designs  the  sei^rt?tion  ao 
longer  to  be  encouraged  ;  the  mother*s  milk  cannot  then  be  so  nutritions  U> 
the  child  as  other  food  ;*  and  overy  medical  man  is  familiar  with  the  mjo- 
rious  consequences  to  which  she  renders  herself  liable,  by  unduly  prolongmg 
lactation.*  Cases  are  not  unfrequent,  how^evcr,  in  which  the  secrt^tion  con* 
tiuues  as  long  as  there  is  a  demand  for  it;  and  sometimes  quite  indei^endenlly 
of  this.  It  is  the  habit  among  some  nations^  to  suckle  the  children  until 
they  are  three  or  four  years  old,  and  to  cootiniie  doing  so  even  though  another 


J  L' Union  M*Sdicftle,  xi,  No.  26. 

■  Si^i>  D<)hTi6,  Du  LhH,  ct  en  particulier  c«lai  iea  Kourrieot,  «nd  Brit.  »nd  For, 
Mod.  Re  view  J  vol.  vi,  p   181, 

»  On  the  wholft  subjet'tof  Infant  Nutrition » the  Author  wmild  ttmnglf  rerammtnd 
the  pxcellent  little  work  of  Dr.  A.  Combe,  for  merry  referred  to, 

*  On©  of  these,  which  \\m  pHfticuliiriy  fullen  under  the  Auth*ir'»  nivtiee,  it  debility 
of  the  retina,  sometimes  proceodiiig  to  complete  Hiunurosis;  tht»,  if  trttnted  in  time, 
ii  most  commonly  relieved  by  ditL^unti nuance  of  kciMlion,  generous  diet^  Aad  qiiinin*^ 
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pregnancy  should  supervene ;  *  so  that  the  older  child  is  only  displaced  by 
the  arrival  of  another  infant.  And  it  seems  to  be  chiefly  among  those  who 
have  thus  forced  the  mammary  gland  into  a  state  of  unnaturally  persistent 
activity,  that  the  spontaneous  and  irrepressible  flow  continues,  ailer  the  de- 
mand for  it  has  ceased.' 

816.  It  is  verv  interesting  to  observe  that  Milk  contains  the  three  classes 
of  principles  which  are  required  for  human  food,  the  Albuminous,  the  Oleag- 
inous, and  the  Saccharine ;  and  it  is  the  only  secreted  fluid  in  which  these 
all  exist  to  any  considerable  amount.  It  is,  therefore,  the  food  most  perfectly 
adapted  for  the  young  animal ;  and  is  the  only  sinde  article  supplied  by 
nature,  in  which  such  a  combination  exists.  Our  artificial  combinations  will 
be  suitable  to  replace  it,  just  in  proportion  as  they  imitate  its  character ;  but 
in  none  of  them  can  we  advantageously  dispense  with  milk,  under  some  form 
or  other.  It  should  be  remembered  that  the  Saline  ingredients  of  milk,  es- 
pecially the  phosphates  of  lime,  magnesia,  and  iron,  have  a  very  important 
fhnction  in  tne  nutrition  of  the  infant,  affording  the  material  for  the  consol- 
idation of  its  bones  and  for  the  production  of  its  red  blood-corpuscles ;  and 
any  fluid  substituted  for  milk,  which  does  not  contain  these,  is  deficient  in 
easential  constituents.  It  is  very  justly  remarked  by  Dr.  Rees,'  that,  of  all 
the  secreted  fluids.  Milk  is  most  nearly  allied  in  its  composition  to  Blood. 

817.  The  proportion  of  the  difierent  ingredients  in  the  Milk  of  different 
animals,  is  subject  to  considerable  variation  ;  and  this  fact  is  of  much  prac- 
tical importance  in  guiding  our  selection,  when  good  Human  milk  cannot 
be  conveniently  obtained  for  the  nourishment  of  an  infant.  The  first  point 
to  be  inquired  into,  is  the  quantity  of  solid  matter  contained  in  each  kind ; 
this  may  be  determined  either  by  evaporation,  or  by  the  specific  gravity  of 
the  fluid.  The  specific  gravity  of  Human  Milk  is  stated  by  Dr.  liees  (loc. 
cit.)  to  vary  between  1030  and  1025;  others,  however,  have  estimated  it 
much  lower.  That  of  the  cow  appears  to  be  usually  about  the  same ;  that 
of  the  cream,  however,  being  1024,  and  that  of  the  skimmed  milk  about 
1035.  The  variation  will  in  part  depend  (as  in  the  case  of  the  urine)  upon. 
the  quantity  of  fluid  ingested,  and  in  part,  it  is  probable,  upon  the  manner 
in  which  the  milk  is  drawn ;  for  it  is  well  known  to  milkers,  that  the  last 
milk  they  obtain  is  much  richer  than  that  with  which  the  udder  is  distended. 
at  the  commencement.  The  quantity  of  solid  matter  obtainable  from  Cow's 
Milk  by  evaporation,  seems  to  be  usually  considerably  greater  than  that 
yielded  by  Human  Milk ;  and  there  is  also  a  considerable  difiTerence  in  the 
relative  proportions  of  their  ingredients,  there  being  far  more  casein  and  less 
sugar  in  the  milk  of  the  Cow,  than  in  that  of  the  Human  female.  The  fol- 
lowing table  exhibits  the  average  proportions  of  the  difilerent  ingredients,  in. 
the  Milk  of  various  animals  from  which  that  fluid  is  commonly  obtained ; 
these  proportions,  however,  are  liable  to  wide  variations : 

*  See  Erman's  Travels  in  Siberia  (translated  by  Cooley),  vol  ii,  p.  627;  and  the 
Narrative  of  the  United  States  Expedition,  vol.  ii,  p.  138 

«  Thus  Dr.  Green  has  published  (New  York  Journ  of  Med.  and  Surg.,  Sept.  1844) 
the  cafe  of  a  lady,  »t.  47,  the  mother  of  four  children,  who  had  an  abundant  supply 
of  milk  for  twenty-seven  years  previously.  A  period  of  exactly  four  years  and  a  half 
occurred  between  each  birth;  and  the  children  were  permitted  totake  the  breast 
until  they  were  running  about  at  play.  At  the  time  when  Dr.  Green  wrote,  she  had 
been  nine  vears  a  widow,  and  was  obliged  to  have  her  brea»ts  drawn  daily,  the  secre- 
tion of  milk  beinc  so  copious. 

■  Cyclopaedia  of  Anatomy  and  Physiology,  Art.  Milk. 


980 


OP   GENERATION  — LACTATION. 


Woman.          Cbw.              thaL               ^hetip.  Am,           Iftw, 

(filtntiti.)  (SLttiijQ.l  (Cbevalller.)  (CtitfYnlller.)  (Sioiiin.)  ( Lulcctii*,} 

.     890           81)0            Sm              856  tK>7           8*S8 

,     no           HO            132              Hi  05           112 


12 

12 

B 

4h 

Hi 

lis 

60    1 

m 

m 

'     J 

Uutur,     .      .      ,     25         as  as 

Crti'C'iij,       .         *         ,       35  6S  40 

Sugfiriitiil  ExtrHctlvot     48  80  6a 

Fi^ed  Siille,       .         ,        2  0  d 

It  appears*  from  tlilsi  that,  whilst  the  milks  of  the  Cow,  Goatp  and  8heep| 
have  a  general  correspondence  with  each  other,  those  of  the  Aas  and  Martj 
are  tlin^ii*  of  very  dissiraihir  character,  containing  a  comparativelv  small | 
proportion  of  caseiQ^  aud  still  less  butter,  but  abounding  id  ^ugan     Hem^BJ 
it  is  that  they  are  rauch  more  disposed  to  ferment  than  other  milk  ;  iudt^edj 
the  sugar  i>f  Mare's  milk  is  so  abundant,  that  the  Tartars  prepare  from  it  a  I 
spiritmms  liquor,  to  which  they  give  the  name  of  koumiss.    Although  do  mi lk| 
more  nearly  approaches  that  of  the  Human  female,  in  the  prop<jrtion  of  iul 
ingredienU!*  than  that  of  the  Gtmt,  its  casein  forms  a  pei^uliarly  deuj^e  curd, 
which  does  not  suit  the  stomach  of  the  infant;  besides  which,  the  milk  h 
tainted  wlib  the  peculiar  odor  of  the  animal,  which  is  more  intense  if  thej 
individual  ha  dark^coJored.     The  milk  of  the  Ass,  though  difieritvg  in  iliel 
proportion  of  its  ingredients,  geems  to  bear  a  closer  approximation  in  pnip 
ertiea  (§  813).     The  milk  of  the  Cow  will  usually  answer  very  well  lor  the 
fowl  of  the  infants  if  care  he  taken  to  dilute  it  properly,  accord  in  j*  t^i  th«.| 
age  of  the  child,  and  to  add  a  little  sugar.    Where  there  is  an  appreheDMoa  j 
of  an  early  failure  in  the  supply  of  Milk,  the  Author  has  Ibund  it  ailvHii- 
tageous  to  commem^e  feeding  the  Infant  onc-e  a  day  with  this  mixture,  soool 
after  the  first  month  i   the  numl>er  of  It*  meals  may  be  progm^ively  in-l 
creased,  until  it  becomes  entirely  independent  of  its  parent,  without  aiiyf 
abrupt  transition  ;   and  at  the  same  time  the  proportion  of  water  and  nti 
sugar  may  be  diminished,  in  accordance  with  the   natural  chartge  which ( 
takes  place   In  the  milk  of  the  mother  during  the  progress  of  Jactaliottl 
(§812). 

818.  From  what  has  been  stated  of  the  close  correspondence  betwetn  the] 
elements  of  the  BIoiM"!  and  those  of  the  Milk,  it  is  evident  thai  wt*  caa] 
scarcely  expect  to  trace  the  existence  of  the  latter,  as  such,  in  the  eircniatiagi 
fluid.     To  what  degree  the  change  in  which  their  elaboration  consist**,  U  j 
accomplished  in  the  Mammary  gland,  or  during  the  course  of  ihif  circuk- 
lion,  there  is  no  certain  means  of  ascertaining.     It  is  evident  that  tlie  stnre'J 
tion  cannot  serve  as  the  channel  for  the  deportation  of  any  element,  thfrl 
accumulation  of  which  would  be  injurious  to  the  system ;  since  it  dtM»«  iui|i 
occur  in  the  Male  at  all,  and  is  present  in  the  Female  at  particular  tittiai] 
only*     Yet  there  is  reason  to  believe  that  if,  whilst  the  procesg  i§  got  tig  on,  ill 
be  suddenly  checked,  the  retention  of  the  material  in  the  blood,  or  the  re- 
absorption  of  the  secreted  fluid,  is  attended  with  injurious  CutistHjucncyaw 
Thus  if,  when  the  milk  is  first  secreted^  the  child  be  not  put  tu  the  breast, 
an  accumulation  twkes  place,  which,  if  not  relieved,  occasions  greiit  geni*nil 
disturbance  of  the  system.     The  narrowness  of  the  orifices  of  the  milk  tutu's  i 
obstructs  the  spontaneous  exit  of  the  fluid,  especially  in  primipanr ;  ihv  rai* 
ervoirs  and  ducts  become  loaded  ;  further  secretion  is  prevented  ;  and  a  stalis  1 
of  congestion  of  the  vessels  of  the  gland,  tending  to  inBammation,  is  indun^l  | 
The  accompanying  fever  is  partly  due,  no  doubt,  to  the  local  distnrbaiiw; 
but  in  part  also,  there  seems  reason  to  believe,  to  the  reabsorptioti  of  tlie 
milk  into  the  blood  \  this  cannot  but  be  injurious,  since,  although  but  little  [ 
altered,  the  constitution  of  milk  is  essentially  different,  especially  in  regard 
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to  the  quantity  of  crystallizable  matter  (sugar)  which  it  contains. — Cases  of 
the  vicarious  secretion  of  milk  are  not  numerous ;  and  in  no  instance  is  there 
any  proof  that  the  elements  of  the  fluid  were  pre-existent  in  the  blood. 
8onie  of  the  most  curious  are  those  in  which  it  has  been  poured  out  from  a 
gland  in  the  groin ;  but  it  is  probable  that  this  was  in  consequence  of  the 
existence  of  a  real  re|>etition,  in  that  place,  of  the  true  mammary  structure; 
this  being  the  situation  of  the  mammae  in  many  of  the  inferior  animals,  of 
which  the  homologues  in  man  are  usually  undeveloped.' 

819.  Of  the  quantity  of  Milk  ordinarily  secreted  by  a  good  Nurse,  it  is 
difficult  to  form  a  correct  estimate ;'  since  the  amount  which  can  be  arti- 
ficially drawn,  affords  no  criterion  of  that  which  is  secreted  at  the  time  of 
the  "draught"  (§  722).  The  Quantity  which  can  be  squeezed  from  either 
breast  at  anyone  time,  and  whicn,  therefore,  must  have  been  contained  in  its 
tubes  and  reservoirs,  is  about  two  ounces.  The  amount  secreted  is  greatly 
influenced  by  the  mental  and  physic^al  condition  of  the  femahf,  and  also  by 
the  quantity  and  character  of  the  ingesta.  In  regard  to  the  influence  of  the 
nientat  state  upon  this  secretion,  ample  details  have  already  been  given 
(§§  722,  790).  With  respect  to  the  physical  state  most  favorai)le  to  the 
production  of  an  abundant  sup))ly  of  this  im|K)rtaut  fluid,  it  may  be  stated 
generally,  that  sound  health,  a  vigorous  but  not  plethoric  constitution,  reg- 
ular habits,  moderate  but  not  fatiguing  exercise,  and  an  adecjuate  but  not 
excessive  amount  of  nutritious  food,  furnish  the  conditions  most  rctpiircd. 
It  is  seldom  that  stimulating  liquors,  which  are  so  coiunnmly  indulged  in, 
are  anything  but  prejudicial ;  and  even  where,  a.s  sometimes  unquestionably 
happens,  an  improvement  in  the  condition  both  of  mother  and  infant  is  the 
immediate  result  of  the  moderate  employment  of  them,  it  is  questionable 


>  Tho  fdllowing  is  a  more  uiipquivooal  case  of  vicariniis  peorvtion ,  and  it  is  poou- 
liarly  intervstini;  hs  oxliibitinu:  tho  injurious  otfi*ctj»  of  tho  roabsorption  of  tho  secre- 
tion, and  the  relief  wliich  the  sy>toni  experienced  when  it  was  separated  frotii  the 
blood  by  the  new  channel.  *' A  hidy  with  a  delicate  eontttitution  (with  a  predi«i|Mi8i- 
tion  to  pneumcnia)  was  prevented  from  suckling  her  child,  as  she  desired,  by  the  toU 
lowinfT  circumstance  Soon  after  h«*r  deliv»»ry  she  had  a  severe  fever,  durinsj  which 
her  brea^its  liccanie  very  larije  and  hard;  the  nipples  were  swollen  and  Arm;  anil 
th<*rA  was  evidently  an  abundant  secretion  of  milk ;  but  neither  the  sucking  of  the 
infant,  nor  any  artificial  means  could  draw  a  single  drop  of  fluid  from  the  Kwnllen 
glands.  It  was  clear  that  the  milk-tubes  were  closed  ;  and  ixa  the  breasts  continued 
toijfrow  larger  and  more  painful,  purgatives  and  other  means  were  emplnved  tn  chock 
the  s(*cr«tion  of  milk.  After  three  days  the  fever  sr)mewhat  diminish(>d.  and  was  re- 
placed b}-  u  constant  cough,  which  was'at  ttrst  dry,  but  soon  after  was  followed  by  the 
expectoration  of  simple  mucus.  After  this,  the  coui^h  diminished  in  severity,  and 
thft  expectoration  became  easy  ;  but  the  sputa  were  no  longer  muc(»u«,  but  were  com- 
ptmtHi  of  a  liquid,  which  had  all  the  physical  characters  of  genuine  milk.  This  con- 
tinued for  fifteen  dnys ;  the  quantity  of  milk  expectorated  amounting  to  three  ounces 
or  more  in  the  twenty-four  hours.*  The  breasts  gradually  diminished  in  size;  and 
by  the  time  that  the  expectr>ration  ceased,  they  had  regained  their  natural  dimen- 
aitin^t.  Tho  same  complete  obstaele  to  the  flow  of  milk  from  the  nipples  recurred 
•fter  the  births  of  four  children  successively,  with  the  same  sequelaa  Alter  the  sixth, 
f>ho  had  the  same  symptoms  of  fever,  but  this  time  thi»y  were  not  followed  by  bron- 
chitis or  the  expectoration  of  milk  ;  she  had  in  their  stead  copi<ius  swentings,  which, 
with  other  severe  sympl<»ms,  reduced  her  to  a  cachectic  state,  and  terminated  fatally 
in  a  fortnight."  (Hulleiino  delle  Scienze  Mediche,  April,  1839;  and  Brit,  and  For. 
Med.  Review,  Jan.  1840.) 

■  For  an  estmate  by  .M.  Guillot,  founded  on  the  comparative  weight  of  the  Tnfant 
liefore  and  afU'r  lactation,  s«'e  I/lJniriri  MeJicale,  18VJ,  Xo.  10.  The  total  amount 
CMnsid«'re<I  by  Mons.  Uuill«)t  to  be  u>ually  drawn  in  the  twenty-four  hours,  varies  from 
82  oz.  toH4oz.  (apoth.) ;  but  his  estimates  are  vitint«'d  by  the  extraordinary  fre(piency 
of  the  lactations  obsi^rved,  the  infant  being  put  to  the  breast  from  2'>  to  30  times  in 
the  twenty- four  hours. 
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whether  the  remote  effect  is  not  of  a  reverse  nature.'  Thefr  mmiuM  opt^ranM, 
when  they  are  really  beneficial,  seeniis  to  lie  in  promoting  the  digestive  pro- 
cess, an*l  in  thus  aiding  in  the  appropriation  of  those  nutritive  materials 
which  constitute  the  real  source  of  the  solid  constituenti^  of  the  milk, 

820.  The  influence  of  various  Medicines  upon  the  milk  ia  another  important 
qut^tion,  which  has  not  yet  been  sufficiently  investigated.  As?  a  general  nile, 
it  appears  that  most  soluble  saline  compounds  pass  into  the  milk  as  into  other 
secretions;  but  there  are  many  exceptions.  Common  salt,  the  se>quicarb<>- 
natc  of  soda,  sulphate  of  soda,'  iodtde  of  potassium,  oxide  of  zinc,  trisnitmte 
of  bismuth,  and  aesqubxide  of  iron,*  have  been  readily  detected  in  the  milk, 
when  these  substaueea  were  experimentally  administere<l  to  an  Asis;  and 
ordinary  experience  shows  that  the  Human  infant  is  affected  by  many  of 
these  when  they  are  administered  to  the  mother.  The  influence  of  mercurial 
medicines  taken  by  the  mother,  in  removing  from  the  infant  a  syphilitic 
taint  |>ossegsed  by  both,  is  also  well  known.  The  vegetable  purgatives,  espe- 
cially castor  oil,  senna,  and  col ocynth,  have  little  effect  upcm  the  milk; 
hence  they  are  to  be  preferred  to  the  saline  aperients,  when  it  is  not  dwirci 
to  act  upon  the  bo  web  of  the  child. 


CHAPTER   XIX. 


OF   THE   DIFFERENT   BRANCHES   OF   THE   HL'MA^f    FAMILT, 
AND   THEIR   MUTtJAL   RELATIONS, 


1.   Qejierfd  Congideratiom. 

821.  On  taking  a  general  survey  of  the  Human  race,  it  h  natural,  tn 

first  place,  that  we  should  proceed  to  inriuire  into  the  evidence  at  present 
possessed  of  its  antiquity,  and  into  the  physical  and  social  conditiims  which 
prevailed  in  the  most  remote  periotls  of  which  any  informatiou  oau  be  ac- 
quired  ;  and  secondly,  that  we  should  endeavor  to  ascertain  whether  the  origia 
of  the  race  is  attributable  to  a  single  pair  whose  offspring  have  |»eoplcd  the 
earth,  or  whether  there  may  not  have  been  a  plurality  of  parenlji  or  of 
centres  from  which  the  remarkably  different  nations  that  are  now  lu  exist- 
ence have  sprung.  The  question  of  the  remote  Antiquitv  of  Mau»  though 
long  ago  suggested,  has  only  of  late  years,  on  account  of  tiie  uumeroyi  fact* 
which  seem  to  lend  support  to  it,  awakened  a  lively  spirit  of  phib>»c*phic 
inquiry.  When  our  attention  has  been  directed  to  it,  however^  it  s*Kja  ft|v 
pears  that  no  subject  possesses  a  deeper  interc;*t  than  the  relation  in  which 
Man  stauds  to  the  organic  world  around  him — both  auirnal  and  vrgctJtble; 
whether  he  was  originally  created  vvith  his  corporeal  powers,  and  the  iutd- 
lectual  faculties  to  which  they  minister  already  develo|ied  to  their  higheatt 
extent,  and  capable  of  the  greatest  results  that  have  been  achieved  in  eub* 
sequent  times;  or  whether  he  is  not  rather  to  be  regardt*d  as  the  crown  and 
acme  of  a  long  procesa  of  development  commencing  with  iar  simpler  organ* 
isms,  which,  under  the  protracted  operation  of  external  agents,  and  in 
accordance  with  the  law  of  eontinuom  descent  luiik  modifieation  ihrtm^h  fmi- 

i  8ne  the  Author *i?  Phypi^lojry  nf  T''«ii(«<*rimC(»  uml  Ti^lid  Al>*»inf*f»c»*,  |  208, 

"  Bee  BiMrow,  On  the^n^E^nge  of  Iroti  iuio  tb«  Milk,  Virchaw'6  ArcbU\  sir.  Ml, 
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ttral  seledhn,  whereby  those  animals  that  are  the  strongest  and  best  adapted 
for  the  special  conditions  of  life  present  at  any  time,  supplant,  and  ulti- 
mately exterminate  the  less  perfectly  constituted,  has  at  length  culminated 
in  a  creature  that  even  now,  howsoever  noble  in  reason  and  infinite  in  facul- 
ties, yet  presents  a  transitory  condition  only  to  some  more  exalted  phase  of 
existence.    The  facts  on  which  this  opinion  rests  are  of  various  character  and 
weight,  and  a  few  only  of  the  more  important  can  here  be  alluded  to.     We 
have  seen  that  in  the  earliest  stages  of  the  development  of  the  embryo  of  the 
Human  subject,  which  in  this  respect  presents  a  character  common  to  all 
animals,  a  smgle  cell  is  alone  discoverable ;  this  receiving  an  accest^ion  of 
energy  from  the  sperm-cell,  and  being  placed  under  favorable  conditions 
for  the  acquisition  of  the  materials  requisite  for  growth,  ^foon  undergoes 
subdivision;  and  in  the  cellular  mass  thus  fonned  a  differentation  of  parts 
takes  place,  by  which  the  various  organs  and  tissues  of  the  bodv  are  succes- 
sively evolved.    In  the  higher  forms  of  the  animal  creation  we  have  further 
seen,  that  at  certain  transitory  stages  of  development  a  close  analogy  exists 
with  the  permanent  conditions  of  creatures  occupying  a  lower  position  in 
tlie  scale;  and  that,  whilst  throughout  the  whole  a  wonderful  unity  in  the 
process  is  clearly  discernible,  each  species  presents  certain  characteristic 
features  which  are  peculiar  to  itself.     This,  it  is  supposed,  may  have  occur- 
red in  the  history  of  the  world.    A  few  great  types  may  have  been  originally 
formed,  which,  in  the  lapse  of  ages,  owing  to  the  action  of  external  agents, 
as  light,  heat,  and  f(H)d,  and  to  the  perpetuation  of  accidental   varieties 
especially  adapted  to  these  external  conditions,  have  gradually  resulted  in 
the  infinitely  varied  species  that  now  surround  us.^   With  this  extraordinary 
similarity  in  the  process  of  development  throughout  the  whole  animal  king- 
dom, which  seems  very  difficult  to  account  for  ui>on  the  theory  of  a  separate 
creation  for  each  species,  it  cannot  be  a  matter  of  surprise  that  close  bonds 
of  alliance  should  be  found  in  the  adult  period  of  life  even  amongst  the 
most  dissimilar  creatures.     The  Birds,  for   instance,  appear  to  be  a  sin- 
gularly well-defined  and  separate  group ;  yet  the  rese  irches  of  Mr.  Parker* 
nave  shown  that  in  their  osseous  system  they  possess  affinities  with  every 
other  class  of  the  Vertebrata ;  so  that,  whilst  presenting  the  clasest  analogies 
to  Reptiles,  and  especially  to  the  Lacertilian  group,  they  anticipate,  on  the 
one  hand,  various  Mammalian  charactei-s,  and  on  the  other  recede,  as  it 
were,  below  Reptiles,  retaining  different  Ichthyic  points  of  structure,  which 
are  not,  as  a  rule,  found  in  that  class.    And  thus  it  has  ever  been  found,  that 
the  more  closely  the  structure  of  even  the  most  aberrant  forms  of  animal 
life  has  been  investigated,  the  wider  have  been  the  affinities  discovered,  oflen 
explaining  what  was  previously  obscure  in  the  structure  of  others,  whilst  at 
the  same  time  the  more  complete  has  been  the  proof  that  no  real  isolation 
of  a  species,  much  less  of  a  genus  or  family,  exists.     It  is  indeed  probable — 
and  this  is  a  point  on  which  Mr.  Darwin  lays  great  stress — that  were  it  pos- 
sible to  reprmhice  the  entire  series  of  forms  now  become  extinct,  a  regular 
gradation  would  be  presented  fruin  the  lowest  to  the  highest ;  and  hence  that, 
as  Dr.  Hooker  has  maintained,"'  we  are  indebted  for  our  means  of  resolving 
plants  into  limitable  genera  and  orders  simply  to  the  extinction  of  the  forms 
by  which  they  were  originally  connected.     The  reason  that  the  intermediate 
links  have  not  been  discovered,  is  owing  essentially  to  the  im])erfection  of 
the  geological  record.     Of  that  great  book,  comi)aratively  few  leaves  have 

*  Fur  a  full  Pxp^>Mtion  of  thi-  theory,  see  Darwin,  On  the  Origin  of  Sprcieti  \>y 
MoMR'^  of  Nutuntl  SfliTli(»n.  etc.,  18')9. 

■  Si'f  his  iiiip'T  0*1  th«'  O^ti'ojoirv  of  the  G:iHiniuM»ou.s  Birds  and  Tinnunions,  in  the 
Tnm*.  of  tln^  Z«M.|..;rirul  SK-i.-ty  for  N..v.  'i.^ith,  \Hi\2. 

•  Introduction  to  the  Fluni  of  New  Zealand,  18.3:3. 
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as  yet  been  deciphered  ;  wbili?t  even  under  the  mn^t  favorable  ci mi iw?£ 
and  with  the  largest  araount  of  intbtmatifHi  that  can  be  obtaini'd  froii 
source,  it  is  certain  that  the  softness  of  the  tissues  of  many  animals  wiljl 
presented  an  effectual  obstacle  to  their  preservation*^     It  is  obvious 
this  minie  of  explanation  of  the  production  of  species  be  exicudrd  t^ 
uunost  limits,  we  may  reaeh  the  extreme  of  simplicity;  for  it  may  well 
said,  that  if  a  few  types  only  are  needed^  these  may  again   be  reduced 
nnmlwr  to  a  greater  and  still  greater  degree,  until  at  length  wearrivtM 
that  which  i;^  common  to  all  at  sfjnie  stiige  of  their  existeuce — the  ^iiigh 
nucleated  cell — -a  structure  which  eomprehenda  the  totality  of  the  lift* 
Eomo  animals  and  vegetables,  and  is  constantly  met  with  m  the  earliesl,  j 
of  development  of  all ;  whilst  the  whole  supei^tructure  of  both  kiogdain 
may  be  considered  to  proceed  from  a  gradual  process  of  devebiptiietil  an 
d i fie reuti at hm  of  this  primary  and  most  simple  organization.     It  is  but  jiiJit  ^ 
to  remark,  however,  that  Prof,  Owen,  one  of  the  be^t  authorities  on  Uii* 
ftubjeetp  has  in  a  recently  published  work  advanced  a  different  explanatlu 
of  the  origin  of  species.     He  statei*'  that,  **  being  unable  to  ac*eept  the  ro 
btional  hyfmlhegis,  or  that  of  impulse  from  wlthia,  or  the  selective  ff*rfl 
exerted  l>y  outward  circumi^tftnees,"  he  deems  **  that  a  muiute  teitdeney 
deviate  from  parental  type  operatiDg  tbroagh  periotis  of  adcipiale  duniiioa 
is  the  most  probable  nature,  or  way  of  operation,  of  the  stnzondary  lai 
whereby  species  have  been  derived  one  from  the  other/* 

822.  By  those  who  embrace  the  developmental  theory^  numeraua  fwe^ 
have  been  ret^ently  collected,  tending  in  the  first  place  to  prove  that  Man 
has  existed  for  many  thousands  of  years  upon  the  face  of  the  earth  ;  and 
secondly,  that  the  more  remote  the  pcrioii  at  which  he  can  be  prove*!  to 
have  existed,  the  ruder,  more  savage  and  degraded,  both  in  a  smnal  mu\  aj 
structural  or  physical  point  of  view,  was  hh  condition.     In  regurd  \a\  th| 
former  pnint,  very  strong  evidence  has  recently  been  obtained  t>y  the  dij 
covery  of  Human  remains  intermingled  with  those  of  extinct  animah, : 
the  Mammoth,  Cave  Bear,  and  woolly  Rhinoceros,  in  the  hrcf^iwi  of  varioa 
caverns,  as  in  those  of  Liege  and  Engis;  whilst  in  other  instances  where  i 
bones  have  been  discovercfl,  perhaps  in  conseijuence  of  the  practice  of  bum 
ing  the  dead,  almost  equally  unexceptional  evidence  has  beea  obt^iioed  frt^Ji 
the  discovery  of  works  of  art  fashioned  by  Human  hand?i,  ns  in  the  Hint  im- 
plements found  buried  in  the  drift  at  Abtieville  in  Pleanly  and  at  St.  Achctil 
near  Amiens,  and  tho^e  found  at  Hoxue  in  Sufi'olk,  and  in  Brixbam  Caf 
near  Torquay.'    In  these  instances  the  geological  fKJsition  of  the  remains,  i 
well  as  the  circumstance  of  their  being  aecompanted  by  the  bones  of  so  many 

*  The  occurrence  of  ft  few  cases  where  the  conditions  bave  been  fiiTortbttf^  ii«t»  lb 
instuncc  of  the  Tellina  of  the  Freshwater  Chiilk  FiJranitiun  of  Steinhdm  tnt^Dticme 
hy  Osciir  Sehtnidt  (in  his  Deicondenslehre,  1873^  P-  ^7),  ii  hij^hly  »«ici;*^t*vo  in  th 
poiirt  of  view*     HcTO  the  depf^slt  from  a  small  inland  lake  may  be  divid*»cj  inUj  iib*>i 
frirty  petroi|frftf»hicitlly  diatiri^ulahftble  lawyers,  and  throusrhoul  the  whule  %rnt^  Ih 
vitriettesor  Phinorbi^  multlforiiits  \%r^  dUtributed  in  mvh  a  manner  that  (n<!lwl<lua 
layori  are  ebaractGn;ced  as  successive  falmta  by  the  eiciusive  occur renH.ni,  ar  hy  tll^ 
predorrvinnncc  of  one  or  more  varieties,  which  within  tiK*  layer  remain  c?on*ta!tj l  c j 
f'li^hlly  variable,  but  towards  the  liinlU  of  the  next  layer  lead  by  traiiiitiiin  k 
suceetiainij  forms.     The  forms  diverge  so  groatly,  and  are  so  eonsUnt  in  ihtj 
jsonea,  that  in  nceordnnee  with   the   old  concholofjrcal  practice  Ihcy  w*ii»'i   *** 
reservedly  claim^Hi  as  species,  if  the  connectin|^  links;  wor*^  not  t^*o  con*f|  ^  i' 
Lbe  territory  too  cireumicribed*  and  if  the  geolojjieat  peric»d — which  iijii^r 
bo  reekone^i  by  thoiisaod-*  of  yt^nrs^ — were  not  coimderod  too  iBfiigaiflejiftL     iJtmiJaf 
statements  mny  be  made  In  respect  to  tbo  Ammonites, 

*  Comj>.  A  nut.  and  Physiol,  of  Vertebrate*,  I860,  p.  B07. 

»  For  full  inforniJUion  re4<pecling  which,  iee  the  AntlqaltJ  of  l£an,  bf  Sir  Cli*H« 

Lyoii,  laea. 
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extinct  animal?,  alike  point  to  a  remote  antiquity.  In  particular,  a  very 
elooe  investigation  of  those  found  at  Moulin  Quignon,  near  Abbeville,  by 
M.  Boucher  de  Perthes  and  othen<,  has  been  made  by  Mr.  Prestwich,'  who 
has  shown  that  although  some  doubts  may  exist  respecting  the  authenticity 
of  the  Human  jawbone  and  some  of  the  flint  implements  recently  discovered 
there,  yet  that  the  genuineness  of  other  flint  implements  cannot  be  doubted, 
and  that  the  age  of  the  eravel  beds  in  which  they  have  been  discovered  is 
perfectly  well  determined  as  belonging  to  an  early  Quaternary  or  Post-plio- 
cene period,  dating  before  the  excavation  of  the  valley  of  the  Somme,  and 
oonseojuently  to  a  period  when  the  physical  character  of  the  country  wore  a 
very  different  aspect  from  that  which  it  now  presents. 

823.  Nor  can  the  circumstance  be  disregarded,  that  in  the  oldest  existing 
monuments,  as  on  those  of  Amenophis,  of  Horus,  and  of  Rhameses,'  sculp- 
ture and  painting,  amongst  the  latest  of  the  fine  arts  in  their  development, 
had  attained  to  so  high  a  degree  of  perfection  amongst  the  Egyptians,  that 
the  types  of  the  Human  race  there  depicted  may  still  be  referred  to  as  ex- 
cellent portraitures  of  some  of  the  still  existing  varieties, — the  Jew,  the 
Mongol,  and  the  ^Ethiopian  being  readily  distinguishable.  For  this  indi- 
cates, on  the  one  hand,  the  wonderful  permanence  of  particular  types,  and 
M>  &r  constitutes  an  argument  against  the  Specific  Unitv  of  Man  on  the 
assumption  that  his  duration  upon  the  earth  has  not  exceeded,  as  onlinarily 
computed,  some  6000  years;  whilst  if  we  estimate  the  period  occupied  in 
the  progress  to  a  high  degree  of  civilization  in  these  old  times  by  the  rate 
at  which  it  has  advanced  in  the  history  of  modem  European  nations,  we 
find  it  requisite  to  admit  the  lapse  of  a  much  longer  period  than  is  usually 
allowed,  and  of  a  long  sequence  of  antecedent  generations.  In  all  the  na- 
tions of  Western  Europe,  in  France,  in  England,  in  Germany  alike,  it  has 
taken  many  centuries  to  rear  the  modern  fabric  of  civilization ;  and  the 
ultimate  results  obtained  by  ancient  nations,  however  imperfectly  they  may 
be  known  to  us,  do  not  appear  to  be  of  so  extraordinary  a  nature  as  to  lead 
us  to  attribute  to  them  a  superior,  if  even  an  equal,  measure  of  intellectual 
endowments  with  ourselves,  nor  on  that  account  to  admit  that  their  progress 
in  mental  culture  may  have  been  more  rapid.' 

824.  The  evidence  tending  to  show  that  the  most  ancient  races  of  Man 
possessed  a  materially  lower  type  of  organization  than  those  at  present  in 
existence,  is  not  by  any  means  sufficient  to  enable  any  general  conclusions 
to  be  drawn  respecting  the  truth  of  the  developmental  theory,  or  to  show 
that  there  have  been  transitional  links  between  the  higher  Apes  and  Man. 
In  the  most  remarkable  cranium  yet  discovered,  that  of  the  Neanderthal, 
which  has  been  most  carefully  examined  by  Prof  Huxley,  the  forehead  is 
indeed  unusually  low  and  retreating,  the  supraorbital  ridges  prominent,  and 
the  bones  remarkably  thick.  Yet  its  cubic  capacity  does  not  appear  to  be 
materially  less  than  that  of  many  crania  that  might  be  selected  from  modern 
nations;  and  hence,  as  Mr.  Huxley  adds,  the  first  traces  of  the  primordial 
stock  whence  Man  has  proceeded  need  no  longer  be  sought  by  those  who 
entertain  any  form  of  the  doctrine  of  progressive  development  in  the  newest 
tertiaries,  but  must  be  looked  for  in  an  epoch  more  distant  i'rom  the  age  of 
the  Elephas  primigenius  (mammals)  than  that  is  from  us. 

825.  Many  interesting  facts  have  recently  come  to  light,  which,  whilst 

»  See  Phil.  Transact ,  1860,  p.  277;  Proc.  of  the  Royal  Society,  vol.  xii,  18(J2,  p. 
88;  and  Quarterly  Journal  of  the  Geological  Society,  Nov.  1st,  18<^J3,  vol.  xix,  p.  '97. 

*  See  SamuH  Morton,  Crania  ^jjyptiacM,  Phihid.,  1844;  and  the  works  of  Chani- 
pollion  and  Kosellini ;  Paul  Broca,  On  the  Phenomena  of  Hybridity  in  Man,  Journal 
de  1h  Phyfiiol  ,  vol.  iii,  1861. 

•  Sir  Charles  Lyell,  Antiquity  of  Man,  p.  89. 
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furuishiog  corroborative  geological  evidence  of  the  antitiuitT  of  Mati, ; 
impvrtftDt  meam  of  estiniatnig  the  material  and  social  eouditioii^  of  his  < 
t-ence  in  ihcjse  distant  epochs-     The  most  interesttng  evidence  upon  thewl 
|K>iut5  is  derived  from  the  Daniiih  Peat  Mosses.     These,  which  ar©  of  mn-] 
iiderable  depth,  varying  from  30  to  40  feet  or  more,  have  been  the  rt*utt  <4  ^ 
the  8h>w  formation  of  ages;  and  from  the  extraordinary  preservative  j>oww  , 
which  they  po?se?¥,  Imve  become  the  receptacles  or  depositor iea  of  a  **erit*«i  of  J 
objects,  from  which,  by  a  process  of  inductive  reasoning,  the  most  valoable] 
conclusions  can  be  drawn.     Ou  the  surface  of  the  soil  of  Denmark  at  tb«] 
present  time  there  flot)ri.sh   magnificent  fore*it«  of  Beech  trees,  nunierowi 
trunks  of  which  are  found  in  the  superficial  layers  of  the  Peat»  niiDjsW 
with  those  of  other  trees,  as  the  Alder,  the  Aspen,  and  the  Birch.     With  I 
these  are  found  various  instruments  constructed  of  iron,  a  metal  requiring  ftJ 
ooQsiderable  amount  of  technical  skill  in  its  extraction,  partly  on  account  ofj 
the  chemical  proccAse**?  to  which  the  ortis  have  to  be  subjected',  and  partly  oa  j 
account  of  the  extremely  high  tempemture  required  ix>r  its  fusion  or  wcldiag* 
These  tools  are  accompanied  by  the  skulls  of  men  prt^enting  close  aualof^iei^j 
to  the  pre^nt  Scandinavian  type,  of  whom,  indeed,  they  may  Ije  consirf 
as  the  early  ancestors,     Below^  the  Beeches,  the  trunks  of  Oaks  are  fo 
and  iron  inslrnmeuts  cease  to  ap|>ear,  being  replaced  by  tboee  of  bn>»2«^i 
Mr,  Lnhbock*  has  adduced  various  considerations  to  show'that  them  workeifi 
in  bronze,  which  is  composed  of  copper  and  tin,  were  of  Eastern  origin^  and  ' 
were  perhaps  allied  to  the  modern  Hindoo,  with  whom  they  agreed  in  ihtj 
form  of  the  bead,  in  the  practlcse  of  burning  the  dead^  in  their  Iea4ling 
pastomi  and  agricultural  life,  as  evidenced  by  the  associated  remains 
aheep,  oaten,  and  pigs,  and  in  using  cylindrical  as  well  as  cubic  dice,    8till| 
lower  in  the  Feat  the  scene  once  more  changes;  the  trunks  of  Fines  nofl 
abound,  and  with  these  have  been  discovered  crania  belonging  to  a  whollyl 
different  racc^ — a  race  who  were  ignorant  of  even  the  simplest  prm^tset*?!*  ofl 
metal Inrgy,  and  were  only  able  to  fashion,  though  often  witFi  great  skill  a»d  ' 
Ingenuity,  a  series  of  stoue  or  flint  instrnmeut* — hammer,  ehii<el,  mvt,  wdm 
or  dagger^and  who  were  probably  a  hunting  and  fis^hing  nation,  burvtag 
their  dead  in  tumuli  or  barrows-     Additional  information  ha^  bei?ti  gamedi 
resjiecting  tbis  race,  or  the  races  coeval  with  them,  by  ihe  inveniigatiou  of  I 
the  Swiss  Lake  Habitations,  the  piles  supporting  which  have  been  found  lal 
the  lakes  of  Zurich.  Constance,  and  Geneva;  and  still  more  by  carvful  ex* 
aniination  of  the  Danish   "  Kitchen-middings/^     In  the  former  the  smmt  < 
succession  of  Iron,  Bronze,  and  Stone  eras  appeani  to  have  succeedtnl  on# 
another ;  whilst  the  latter  seem  to  be  refuse  heafM,  composeci  of  ov»ter^ 
cockles^  mnsseK  periwinkles,  and  other  mollusca,  which  have  been  thn>WTi 
out  around  their  habitations  by  men  of  the  Su>ne  period.   The  emnia  of  tbti 
nice  are  small  and  round,  with  overhanging  eyebrows.   The  remains  of  dogi  * 
and  various  wild  animals  are  found  in  the  mtihling^,  which,  with  the  caiitM»,J 
and  the  bones  of  deep-sea  ti^h,  as  the  cod  and  herring,  stem  tu  show  that 
this  ancient  people  lived  by  hunting  and  fishing, 

826.  In  pursuing  the  second  branch  of  our  inquiry,  it  is  apparent  thai] 
amongst  the  various  tribes  of  Men  which  people  the  surface  of  the  glolic, 
and  whicli  are  separated  from  all  other  animals  by  the  characters  fi»rnR'rlyj 
described  {chap,  ii.)  there  are  diflerencee  of  a  very  striking  and  imfH^rtan'tl 
nature.  They  are  distinguishable  from  each  other,  not  only  by  tbeirl 
language,  dress,  manners  and  customs^  religious  belief^  and  other  accpiircilj 
peculiarities,  but  by  the  physical  conformation  of  their  bodies;  and  thedif*| 
lerence  lie«  not  merely  in  the  color  of  the  skin,  tha  nature  of  tii6  hair. 
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form  of  the  ftoft  parts  (such  aa  the  nose,  lips,  etc. \  but  in  the  ehape  of  the 
skull  and  of  other  parts  of  the  bony  skeleton ,  which  might  be  suppti&ed  to 
h$  ImB  liable  to  variation.  Now  it  is  clearly  »  queMion  of  ^reat  scientific 
interesl^  as  well  as  one  that  considerably  a  fleets  the  ramie  in  which  we  re- 
gard the  races  that  differ  from  our  owd,  whether  they  are  all  of  one  *^>ecw^§»— 
that  is,  descended  from  the  same  or  from  mmiiar  paretitajCfe, — or  whether 
they  are  to  t>e  considered  as  distinct  specks^  the  first  parent  of  the  several 
meea  having  had  the  same  differenees  among  themselves  as  those  which  are 
DOW  die  h  i  hi  ted  by  i  h  e  i  r  desc^n  d  an  ts. 

827,  In  order  to  arrive  at  a  just  conclusion  on  this  subject,  it  is  necesiary 
to  take  a  very  extensive  survey  of  the  evidence  furnished  by  a  number  of 
difiereat  Itue^  of  inquiry.  Thus,  in  the  First  place^  it  is  right  to  investi- 
gate what  are  the  discriminating  structural  marks^  by  which  ^perks  are 

Jdii^tinguieihed  among  other  trib^  of  ani mala. —Secondly,  it  should  be  m- 
certained   to  what  extent  variation  may  proceed  auionjr  races  which   are 
historically  known  to  have  had  a  common  parentage,  and  what  are  the  ci^ 
'      cum  stances  which  most  favor  such  variation.— Thirdly,  the  extreme  varia- 

■  tioos  which  present  themselves  among  the  different  racea  of  Men,  should  be 

■  conttmred  with  thoBe  which  occur  among  tribe*  of  animals  known  to  be  of 
the  i*ame  parentage ;  and  it  i^hould  be  questioned,  at  the  same  time,  whether 
th^  circumstances  which  favor  the  production  of  varieties  in  the  latter  case 
are  i«  o|3emtioo  in  the  former. — Fourthly,  where  it  is  impOJ*sibJe  to  trace 
back  distinct  races  to  their  origin,  it  is  to  be  incjuired  how  far  agreement  in 
physiological  and  psychological  peculiarities  may  be  regarded  as  indicating 
specific  icientitVj  even  where  a  considerable  difference  exists  in  bodily  confbr* 
mation  ;  and  this  test,  if  it  can  be  determiueil  on,  has  to  be  applied  to  Man. — 
Fifthly,  it  nmst  be  atunnpted  by  a  detailed  examination  of  the  varieties  of 
the  Human  race  tbemst?lve?,  to  liscertain  whether  their  differences  in  confoi^ 
mation  are  constant ;  or  whether  there  are  not  such  oct'a&ional  nmuilesta- 
tions,  in  ei'xh  race,  of  a  tendency  to  assume  the  characters  of  others,  as  to 
prevent  anv  detinite  lines  being  drawn  between  the  several  tribes  which  to- 
gether make  up  the  (supposed)  distinct  species. — An  investigation  so  com* 
preheusive  could  not  be  followed  out,  even  in  the  mast  cursory  manner  that 
would  be  consistent  with  utility,  within  the  limits  of  the  present  work  j  and 
no  more  will  be  attempted,  therefore,  than  an  indication  of  the  princi[Nil 
points  of  difference  among  the  several  Races  of  Men,  and  a  statement  of  the 
results  of  inquiry  into  their  degree  of  constancy  in  each  of  the  princi|ml 
groups  which  they  have  been  thought  to  mark  out,* 

828,  The  diflerential  charactera  on  which  those  have  relied  who  have 
sought  to  establish  the  existence  of  a  piuraUiy  of  vptde^  among  Mankind, 
are  both  Anatomico* Physiological,  and  Psychol ogicaL  Under  the  former 
heail  rank  the  color  of  the  Skin,  the  texture  of  the  Hair,  and  the  conforma- 
tiou  of  the  bony  Skeleton,  especially  the  Skull.  The  latter  consist  in  the 
sujierionty  claimed  for  some  racea  over  others,  in  Intellectual  power,  and 
in  Moral  and  Religious  capacity.  The  former  group  will  be  the  one  Hrst 
considereil. 

829,  The  O^lor  of  the  akin  exists  in  the  Epidermis  only;  and  it  depends 

*  The  whole  of  this  investigation  has  tn?en  mi^t  eliiborRt*^ly,  und  in  the  Author** 
tfplnion  nn»»t  PutceMfiiUj  worked  out  by  Dr*  Prichnrd,  in  bia  profound  find  phila- 
Pophit'Sl  Tr«Mii*<.*  i>n  the  *Pliysicat  Hifttory  uf  Man.  For  h  niore  concisp  vii^w  of  Dn 
Prichnrd'ft  «rE:umunt,  with  surno  ftdditianal  t-ohHidemtion?  not  pnibrft<!(*d  in  it,  ihe 
Author  mjiy  ruief  tt>  hU  own  article  on  the  V*irieti?!»  <*t  the  Uuninn  Sp^cies^  in  I  he 
Cyclop,  of  AnnU  and  Phys.,  vt>L  iv,--84MJ  ulio  Dp.  B.  G,  Lalbiim*B  NhIuthJ  History 
of  the  Viri(*tie»  of  Man  ;  und  hi&£borter  E»$iiy  an  |b«  Vari#ie»of  the*  Uunidn  Bpecicsi 
in  Urr*a  Circle  of  the  Scieneeif  voL  L 
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upon  the  admiJtture  of  pigment  celh  with  the  ordinary  epidermic-cell 

tne  varied  hue^s  preaeuteii  by  the  differeut  races  of  meo  beiugdue  to  ttn 

live  aintmni:  of  the^e  cells  aod  to  the.  partieular  tiut  of  the  pig^ment  whic 
they  form.     It  would  be  ea^y*  by  seleetiog  well-marked  jspecimens  of  eaeli| 
mce,  to  make  it  ap[>ear  that  eolor  affords  a  character  BufBcteotly  distioeti^i 
for  their  gsepanitiim ;  thus,  for  example,  the  fair  and  ruddy  Saxoo,  the  jti 
black  Negro,  the  olive  Mongolian,  aud  the  copper-colored  North  Aniericai 
might  be  eonstdered  to  be  positively  separated  from  each  other  by  this  dmr 
acter, — propagated,  as  it  seems  to  bc»  with  little  or  no  perceptible  chaagi 
fnjm  generation  to  generation.     But  although  such  might  ap[jear  to  be  ih 
clear  and  obvioua  result  of  a  comparison  of  this  kind,  yet  a  mure  cared 
and  comprehensive  purvey  lends  to  break  down  the  barrier  that  would  bel 
thus  established.     For,  on  tracing  this  character  through  the  entire  familj 
of  ilan,  we  find  the  isolated  specimens  just  noticed  to  be  connected  by  mA 
a  Bert&i  of  links,  and  the  transition  from  one  to  the  other  to  bt?  mj  vef3p| 
gradual,  that  it  h  impoj^^ible  to  say  where  the  line§  are  to  be  dniwn  be^ 
I  ween  them*     There  is  nothing  here,  then,  which  at  all  approaclie«  to  tbu 
fixed  and  definite  marks,  that  are  always  held  to  be  requisite  for  the  «AlAk4 
lishment  of  specific  distinctions  among  ather  tribes  of  animaU, 

830,  But  further,  there  is  abundant  evidence  that  th^se  distinctions  an 
far  from  being  constantly  maintained,  even  in  any  one  mce.     For  aiuou| 
Ell  the  principal  snbdivjsions,  alhinomit,  or  the  absence  of  pigment-c«?lli 
occasionally  presenta  itself;  so  that  the  fair  akin  of  the  Eurot*ean  tn«j 
prttsent  itself  in  the  offspring  of  the  Negro  or  of  tlie  Red  man.*     On 
other  hand,  instances  are  by  no  means  rare  of  the  unuiual  dt^velopmeni  ij( 
pigment-cells  in  individuals  of  the  fair-skinned  races;  so  ibat  part^  of  ihel 
btidy  are  of  a  dark-red  or  brown  hue,  or  even  quite  black.    8uch  uHHlifioi-i 
lions  may  peem  of  Utile  trnport^nce  to  the  artrnment ;  Fince  they  are  ct^nfined 
to  individuals,  and  may  be  put  aside  as  accidentah     But  there  is  ampk*  evi-i 
dene*?  that  analogous  changes  may  take  place  io  the  counje  of  time^  whiflil 
tend  to  produce  a  great  variety  of  shades  of  color,  in  the  de^^endant^  of  :iaf  ' 
o  nc  fit  oc  k .     Thus,  in  t  he  g  rea  t  I  n  <1  o-  Ei  i  ro|>ea  n  fa  in  i  1  y  { |m  rt  of  t  h  e  Oi  w 
race  of  Bbmienbach),  which  may  he  unquestionably  regarded  as  hiivina 
a  ctimmon  origin ^  we  find  tribes  with  fair  complexion,  yellow  hair,  anu 
eyes^^ — others  presenting  the  xanthous  or  olive  hue, — and  others  decidedly 
black,     A  similar  diven?iiy  may  be  eeen  among  the  American  races^  wbickl 
are  e<)ually  referable  to  one  common  stock;  and  it  exists  to  nearly  the  samd 


I  A  verj  curiouA  eimnple  ot  eftanffg  af  color  in  u  Nc£cro  h^  been  rueordiM  on  un^ 

qut*^tiiinnKle  HUthoHty. — Thr  suhJL'cl  of  it  wns  &  nv^^m  sliiv*^  in  Ki^ntiH^ky,  *u  45>  wt»« 
was  burn  of  blnt-k  pHrurUs,  Hnd  wtn*  himseir  ptTfeotljr-  blni  k  utitil  12  yt?ar^  i»f  w-jr.     A|| 
thiit  lime  a  |>f>rtT(tn  of  ihf?  Fkin,  mi  Hith  wit|t%  enoircUnir  lb*'  rrjiixium  jus-t  wiihin  ihi/ 
^gt?  of  the  liiiir,  grjiduhlly  ehanji^'d  in  white  i  iil^o  thf  hnir  cK^cupynitr  ttuii  l*«L*»bi>.' 
A  wbite  ^-piil  lU'St  Mp|ii?jirnd  newr  ihtj  inner  i-Hnttui'*  of  tb^  If^rteyi?;  wnd  fratij  thi*  ti#| 
white  viihtr  gmduhlly  iMcl^nditi  nver  iht*  fwee,  trnnk,  nnd  tiir«miith'a,  nniil  it  ctiven-^l 
Ihe  f-ntir*.*  »tjrfnc'<3.     The  cmnpleLe  clmnge  from   bliiuk  ii>  wbito  oecijpiiN^*  nh^^^i  wtM 
yf*urs  ;  find  but  for  hia  hnir,  which    wits  cris*p*'d  or  wcKtUy,  no  on**   w 
nnt^ed  ni  ibid  time  tbut  h\3  progenJt'>r^  hud  uilW^  any  of  th<»  chitrni  : 

Ni't(rri,  his  skin  presenting  the  h<*altby  viisiculHr  ap|iJiiriinetf  nf  ibiit  ns  ^ 
Jj»/f.?m»i*r/  Kurop*?«n.  Whi^n  be  wn^  nhoui  22  yeinr<t  of  ii^s  bow*?v#*r,  6»,' 
etih/rtl  fir  brown  fpot*  Ijegtin  to  uppeur  on  tbi^  face  jind  b»ind« ;  bm  t'-- 
luHiiU'd  liniTted  to  the  porlion»of  llie  surlkce  ti|>oS(i<J  In  light.  AbtMi 
the*  hbit^k  color  of  bin  i*kin  begun  to  dmHppeur,  bn  cotnpkaoly  lost  hi- 
{i  nii^y  tti^ei ;  and  sincf*  h?  hat  becume  wbiU.%  bo  hiid  hjtd  mtmth'S  mad  biMjpjfi^-it'ugai 
w  inH.orid  Utm*.  (See  Dr.  tlutohins'»n"«  itivoimt  of  ihU  cu»e,  in  ll»e  Amer  Juurn.  of  I 
Hwj.  SoL»  Jan.  18ij2  )  A  cwpi*  of  purtlitl  dbuppt^itrnnee  of  the  bUck  color  ^yf  Ihi  [ 
Kegro'*  Skin  w«s  brotii^J^  by  Dr.  Inriiiin  before  the  ZooJogieal  Seciion  of  ihv  Briti*i| 
Association  nl  Liverpool,  tiept.  1864. 
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eztent  among  the  AfricaD  nations,  which  appear  to  be  similarly  related  to 
eseh  other.  It  may  be  freely  admitted  that,  among  European  colonists 
nttled  in  hot  climates,  such  changes  do  not  present  themselves  within  a  few 
genemtions ;  but  in  many  well-known  instances  of  earlier  colonization,  they 
ue  very  clearly  manifested.  Thus  the  wide  dispersion  of  the  Jewish  nation, 
and  their  remarkable  isolation  (maintained  by  their  religious  observances) 
horn  the  people  among  whom  they  live,  render  them  peculiarly  appropriate 
■abjecto  for  such  observations ;  and  we  accordingly  find  that  the  brunette 
complexion  and  dark  hair,  which  are  usually  regarded  as  characteristic  of 
tliat  face,  are  frequently  superseded,  in  the  Jews  of  Northern  Europe,  by 
red  or  brown  hair  and  fair  complexion;  whilst  the  Jews  who  settled  in 
India  some  centuries  ago,  have  become  as  dark  as  the  Hindoos  around  them. 

831.  The  relation  of  the  complexions  of  the  different  Races  of  Mankind 
to  the  climates  they  respectively  inhabit,  which  is  established  by  an  extended 
eomparative  survey  of  both,  leads  to  the  general  conclusion  that  the  inter- 
tropical region  of  the  earth  is  the  principal  seat  of  the  darkest  races,  whilst 
the  region  remote  from  the  tropics  is  that  of  the  fairer  races ;  and  that  the 
climates  approaching  the  tropics  are  generally  inhabited  by  nations  which 
are  of  an  intermediate  complexion.  It  is  important  to  observe,  however, 
that  no  regular  gradation  of  tint  can  be  observed  in  passing  from  the  equa- 
torial to  the  polar  regions.  M.  Paul  Broca  ^  has  particularly  pointed  out 
that  the  Esquimaux  of  Greenland,  the  Lapps  and  Finns  of  Europe,  and  the 
Samoyedes  and  Kamschatkans  of  Asia,  all  of  them  nations  inhabiting  the 
meet  northern  regions  of  the  habitable  globe,  present  a  deep  olive  com- 
plexion, dark  straight  hair,  and  dark  eyes ;  being  considerably  deeper  in  hue 
than  the  Chinese,  Burmese,  Cochin-Chinese,  and  Malays,  although  these  are 
situated  so  much  nearer  the  equator,  and  are  exposed  to  the  rays  of  a  far 
fiercer  sun.  The  same  conclusion  is  forced  upon  us  by  a  survey  of  the  various 
nations  inhabiting  the  western  shores  of  America ;  for  if  we  trace  them  in  suc- 
cession from  Beh ring's  Straits  to  Patagonia,  we  shall  find  that  under  the  same 
latitude  as  Norway  there  dwells  a  race  whose  color  is  yellowish -brown,  mixed 
with  red;  under  that  of  England  a  perfectly  white  race  (Vancouver's  Isl- 
anders), under  that  of  France  a  red  race  (bregon),  under  that  of  Spain 
and  Algeria  a  black  race  (Califoniia).  From  thence  as  far  as  the  equator, 
under  the  same  latitude  as  Guinea  and  Soudan,  are  races  of  a  merely  brown 
tint,  much  lighter  than  the  inhabitants  of  those  regions.  Lastly,  the  races 
which  occupy  the  littoral  region  extending  from  the  equator  to  Tierra  del 
^^0,  present  a  brown  tint,  becoming  lighter  as  the  colder  regions  are  ap- 

K>zimated;  but  are  suddenly  succeeded,  under  the  rigorous  climate  of 
tagonia,  by  one  or  more  blackish  or  altogether  black  races.  To  these 
observations  it  may  be  added  that  high  mountains,  and  countries  of  great 
elevation,  are  generally  inhabited  by  people  of  a  lighter  color  than  are  those 
of  which  the  level  is  low,  such  as  swampy  or  sandy  plains  upon  the  seacoast. 
These  distinctions  are  particularly  well  seen  in  Africa,  where  the  tropics 
almost  exactly  mark  out  the  limits  of  the  black  complexion  of  the  inhabi- 
tants; and  where  the  deepest  hue  is  to  be  seen  among  the  Negroes  of  the 
Guinea  Coast,  whose  residence  unites  both  the  conditions  just  mentioned, 
whilst  the  mountainous  regions  in  their  immediate  vicinity  are  inhabited  by 
tribes  of  a  much  lighter  aspect. 

832.  The  nature  of  the  Hair  is  perhaps  one  of  the  most  permanent  char- 
acteristics of  different  races,  and  a  division  has  been  established  between  the 

>  In  his  pRpor  on  Hybridity,  in  M.  Brown-Sequard's  Journal  de  la  Pbysiolosrie 
for  1858,  p.  462.  Seo  for  many  analoi^nuR  instances,  J.  Craufurd,  in  the  Transactions 
of  the  Ethnological  Society,  vol.  i,  p.  304. 


990 


OF  THE  BEAKCHES  OF  TBE  HUMAN  FAMILY. 


Uhtrirhi  with  erisp  ur  woolly  hair,  and  the  Ijemirlthi  with  p^nuMith  hair. 
With  few  exceptions  (Andmimti  Islanders)  the  Ul*^trkhi  are  ^\^i  dolicho* 
cephaloua.  They  are  rf})res^iTied  by  the  Negro^  and  Bushnieu  of  CVinral 
and  Southern  Africa,  arnl  the  Negritos  of  the  Malay  Feaiiis^tilu  and  Art^hi- 
pek|^o,  aud  of  the  Papuan  Islands,  The  Lelofrichl  are  divisible  Itito  ibe 
AuMrali^nd  group,  the  Mongoloid  group,  the  Xnnthochroie  irnHif>  <Sbv<h 
niani,  TenLna«,  Scandinavians),  and  the  Melanodm>io  gmiifj  (rbenaiu  atn! 
hlsck  Celts  of  Wesftern  Europe)  J  In  regard  to  iu  color  the  same  statamt-uta 
apply  as  those  just  made  with  re^ipetit  to  the  color  of  the  ^kiu  ;  the  varietT 
of  hue  being  given  by  pigment-cells,  which  may  be  more  or  le*^  devtHojieil 
under  different  circumstance?.  But  it  hm  been  thouglit  that  its  irMtirf^  afford 
a  more  valid  ground  of  distinction  ;  and  it  is  commonly  mid  that  lhesubs*taoee 
which  crows  on  the  heail  of  the  African  races,  and  of  sotne  other  dark-wl- 
orcd  tribes  (chiefly  inhabiting  tropical  elimatee)^  is  tmmlnml  not  hair.  Thi*, 
however,  is  altogether  a  mistake;  for  mtcroecopic  examination  clearly  d«^ 
tnonst  rates  that  the  hair  of  the  Negro  has  exactly  the  same  etrueture  willi 
that  of  the  Enropcau  ;  and  that  it  does  n*>t  bear  i^ny  resemblance  to  wool,  save 
in  its  cris[mess  and  tendency  to  curb  Moreover,  even  this  character  is  far 
from  lieing  a  constflut  one  j  for,  whilst  Europeans  are  not  uu frequently  tt^be 
met  with,  whose  hair  is  nearly  as  crisp  as  that  of  the  Negro,  there  is  a  great 
variety  amongst  the  Negro  races  themselves,  which  present  every  gradatioa 
frura  a  completely  crisp  (or  what  is  termed  woolly)  hair,  to  merely  curled  or 
even  Bowing  locks/  A  similar  observation  holds  good  in  regard  to  the 
natives  of  the  island??  of  the  great  Southern  Ocean,  where  some  individuals 
possess  crisp  hair,  whilst  ot berg  of  the  same  race  ha%'e  it  merely  curled. 

633.  It  has  been  4;up|>c>ged  that  varieties  in  the  configuration  of  the  Skrlt- 
ton  would  afford  characters  for  the  separation  of  the  Human  races,  more 
fixed  and  definite  timn  ihoi^e  derived  from  differences  in  the  tbrm,  color,  or 
texture  of  the  soil  parts  which  clothe  it ;  and  attention  has  been  particu- 
larly directed  to  the  nknfi  and  the  pefm,  as  affi>rdiug  such  characters*  It 
has  been  generaNy  laid  flown  as  a  fundamental  principle,  that  all  tho^  na^ 
tions  which  are  found  to  rejienihle  each  other  in  the  shape  of  their  beads 
must  needs  be  more  nearly  related  to  each  other,  than  they  are  to  tribt^  of 
Men  which  differ  from  them  in  this  particular  But  if  this  principle  be 
rigorously  carried  out,  it  will  tend  to  bring  together  rat ^s  which  inhabit 
parts  of  the  globe  very  remote  from  each  other,  and  which  have  tio  other 
mark  of  affinity  whatever ;  whilst,  on  the  other  baud,  it  will  often  tend  ta 
separate  races  which  every  other  character  would  lead  U5*  to  bring  together. 
It  is  to  be  remembered,  moreover,  that  the  varieties  in  the  con  forma tiiMi  o( 
the  skeleton,  pref^nted  by  the  breeds*  of  domesticated  animals,  are  at  leart 
equal  to  thoie  which  are  manife«te<i  in  the  conformation  and  color  of  their 
soft  parts;  and  we  might  reasonably  exf^ect,  therefore,  to  nteet  with  similar 
variations  ainoiig  the  Human  races.  It  is  probable,  however,  that  ctiniate 
has  not  so  much  infiuence  in  producing  sueb  changes  in  the  ci>n figuration  of 
the  body,  as  the  peculiar  habits  and  mode  of  life  of  the  difierent  races  ;  and 
Dr.  Prichard  has  pointe<l  out  a  very  remarkable  relation  of  this  kind,  in 
regard  lo  tlie  principal  types  of  form  presented  by  the  Skull  Tbes«  differ 
from  each  other  to  such  an  extent,  that  if  the  a ntero- posterior  diatnetef  be 


'  SiHt  Huitlpy,  Thf*  AnHtnmy  tif  Tertebmtf^d  Animjil*. 

*  It  U  H  very  cnn^num  misinkR,  e«pecitil!y  In  ttie  U tilled  Statat,  tn  contider  N^^m 
nn  synfmvrtiims  with  Afriran  j^i  Tflr  h  tliig  frum  being  th«  fuel,  that,  i%^  I>r.  Luthnia 
justly  n* murks,  **  the  tnie  N<*gpt  itrpn,  the  nn^a  octupled  ht  men  of  lhe«  bUek  »kTi>* 
thk'k  Jip^,  HTjd  wiHitly  hair.  In  ejtci  vdiiifjly  gitiMtl ;  nA  ttriii^M  In  |>r*imtrUori  tti  the  tmt 
of  ttifl  i'oritiru*nt,  hk  the  nrc'o  oT  lUe  (iisint't  of  the  ftunied  Hy|ii?rboreiin«  h  tn  Atl*i 
or  Unit  i>f  ihe  Lujip  jti  Kurupe/'     (Sue  |j  851,  853  ) 
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teken  at  100,  the  transverse  diameter  varies  from  98  or  99  to  62.  The  Dum- 
ber ezpressiDg  the  proportion  of  the  transverse  to  the  lougitudiual  diameter 
of  the  brain-case  is  termed  the  cephalic  index.  Those  people  ^ho  possess 
orania  with  a  cephalic  index  of  80  and  above  are  called  orachycephali ; 
those  with  a  lower  index  are  dolichocephali.^ 

834.  Among  the  rudest  tribes  of  Men,  hunters  and  savage  inhabitants  of 
forests,  dependent  for  their  supply  of  food  on  the  accidental  produce  of  the 
•oil,  or  on  the  chase — ^among  wnom  are  the  most  degraded  of  the  African 
nations,  and  the  Australian  savages — a  form  of  head  is  prevalent,  which  is 
most  aptly  distinguished  by  the  term  prognathous,  indicating  a  prolongation, 
or  forward  extension  of  the  jaws  (Fig.  371).  This  character  is  most  strongly 
marked  in  the  Negroes  of  the  Gold  Coast,  whose  skulls  are  usually  so  formed 
as  to  give  the  idea  of  lateral  compression.  The  temporal  muscles  have  a 
great  extent,  rising  high  on  the  parietal  bones ;  the  cheek-bones  project  for- 
ward, and  not  outward  ;  the  upper  jaw  is  lengthened  and  projects  forwards, 
E'ving  a  similar  projection  to  the  alveolar  ridge  and  to  the  teeth  ;  and  the 
wer  jaw  has  somewhat  of  the  same  oblique  projection,  so  that  the  upper 
and  lower  incisor  teeth  are  set  at  an  obtuse  angle  to  each  other,  instead  of 
being  nearly  in  parallel  planes,  as  in  the  European.    From  the  shape  of  the 

Fio.  371. 


Profile  and  basal  views  of  the  Prognatlious  Skull  of  a  Negro. 

upper  jaw  alone  would  result  a  marked  diminution  in  the  facial  angle,  meas- 
ured according  to  the  method  of  Camper;  but  this  diminution  is  far  from 
being  sufficient  to  approximate  the  Ethiopian  races  to  the  higher  Apes,  as 
some  have  supposed  it  to  be  (§  24).  Independently  of  the  diminution  of  the 
facial  angle  resulting  from  the  projection  of  the  upper  jaw,  it  is  quite  certain 
that  in  the  typical  prognathous  skull  there  is  a  want  of  elevation  of  the  fore- 
head ;  but  it  does  not  appear  that  there  is  a  corresponding  diminution  in  the 
capacity  of  the  cranial  cavity,  the  retreating  form  of  the  forehead  being  partly 
due  to  the  general  elongation  of  the  skull  in  the  antero-posterior  direction. 
Nor  is  it  true,  as  stated  by  some,  that  the  position  of  the  foramen  magnum  in 
the  Negro  is  decidedly  behind  that  which  it  holds  in  the  European,  in  this 
respect  approaching  that  of  the  Apes  (§  21);  since,  if  due  allowance  be 
made  for  tne  projection  of  the  up|)er  jaw,  this  aperture  is  found  to  have  the 
same  position  in  the  prognathous  skull  as  in  the  oval  one — namely,  exactly 
behind  the  transverse  line  bisecting  the  antero-posterior  diameter  of  the  base 
of  the  cranium.'  The  prognathous  skull  is  further  remarkable  for  the  large 
development  of  the  parts  connected  with  the  organs  of  sense,  especially  those 


'  Huxley,  Anatomy  of  Vortobrated  Animals,  p.  495. 
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of  smell  and  hearing.  The  aperture  of  the  nostrils  is  very  wide,  and  tbeiS" 
ternal  space  allowed  for  the  di:§tribution  of  the  olfactory  oerve  is  mucb  larger 
than  in  most  Euroi>ean  hcad^;  the  posterior  oj>eninga  of  the  nasal  cBVitjajt 
not  less  rentarkable  for  their  widths  than  the  anterior.  The  external  auditory 
meatus  is  aliio  peculiarly  wide  and  spaeions;  and  the  orbital  cavities  hate 
beeu  thought  to  be  of  more  than  ordinary  capacity , — ^but  this  last  U  by  no 
means  a  constant  charaeter. 

835*  A  second  type  of  cranial  conformation,  very  different  from  the  prtv 
cediug,  belongs  principally  to  the  Nomadic  races  which  wander  with  their 
herds  and  flocks  over  vast  plains ;  and  to  the  tribes  which  creep  along  the 
shores  of  the  ley  Sea,  and  live  partly  by  fishing,  or  in  part  on  the  fle^h  of 
their  reindeer.  This  form,  designated  by  Dr.  Priehard  as  the  p^ramitld 
(Fig,  372),  i«  typically  exhibited  by  various  nations  of  Northern  and  C4>H' 
tral  Asia;  and  u  eeen  in  an  exaggerated  degree  in  the  Esquimaux.     It* 
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Front  lud  biwaJ  Tiewt  ot  thti  Pf  nuoldiU  Sfcull  of  hu  Eh^uIibaui. 

most  Striking  character  is  the  lateral  or  oytward  projection  of  the  sygonia, 
which  is  due  to  the  form  of  the  malar  bones.  These  do  not  project  forwardi 
and  downwards  under  the  eye^,  as  in  the  prognathoufs  skull ;  but  take  ft 
lateral  or  outward  direction^  terming,  with  the  zygomatic  process  ot  the  I 

temporal  bone. a  large  nnindeil  gweep 
Fro.  M73.  or  segment  of  a  circle.     From  tltia, 

in  connection  with  the  narrowne» 
of  the  forehead,  it  r^ult^  that  linti 
drawn  from  the  zygomatic  arcbo, 
touching  the  temples  on  either  *iiit, 
instead  of  being  parallel  {as  in  En- 1 
roj>eaus),  meet  over  the  forehead,  ^ 
as  to  form  with  the  basi^  a  triangular 
figure.  The  upper  part  of  ihe  face 
l>eing  remarkanly  flat,  the  nose  alio 
being  flat,  and  the  nasal  honas  i^ 
well  as  the  gpace  between  the  ine- 
brows,  being  nearly  on  the  same  pluae 
with  the  cheek-bones,  the  tnangulai 
space  bounded  by  these  lints  may  be 
compared  to  one  of  the  faces  of  a 
pyramid.  The  orbits  are  large  and 
deep  ;  and  the  peculiar  conformatton 
of  the  l}onea  wh\cH  turround  it,  gives  to  the  aperture  of  the  lide  an  appear* 
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ance  of  obliquity, — the  inner  angle  seeming  to  be  directed  downwards.  The 
whole  face  instead  of  presenting  an  oval  form,  as  in  most  p]un>i)eanH  and 
Africans,  is  of  a  lozenge-shape.  The  greater  relative  development  of  the 
lygomatic  bones,  and  of  the  ooncs  of  the  face  altogether,  when  compared 
with  the  capacity  of  the  cranium,  indicates  in  the  pyramidal  skull  a  more 
ample  extension  of  the  organs  subservient  to  sensation ;  the  same  ctfuct 
being  thus  produced  by  lateral  expansion,  as  by  the  forward  extension  of 
the  racial  bones  in  the  prognathous  skulls. 

836.  The  most  civilized  races, — those  which  live  by  agriculture  and  the 
arts  of  cultivated  life, — all  the  most  intellectually  improved  nations  of  Ku- 
rope  and  Asia, — have  a  shape  of  the  head  which  differs  from  both  the  pre- 
eeding,  and  which  may  be  termed  oral  or  elfipiicaL  This  at  once  approves 
itself  as  a  more  symmetrical  form  ;  no  |)art  having  an  excessive  prominence; 
whilst,  on  the  other  hand,  there  is  nowhere  an  appearance  of  undue  flatten- 
ing or  compression.  The  head  is  altogether  of  a  rounder  tshape  than  in  the 
other  varieties!  and  the  forehead  is  more  expanded ;  while  the  maxillary 
bones  and  the  zygomatic  arches  are  so  formed  as  to  give  the  face  an  oval 
ahape,  nearly  on  a  plane  with  the  forehead  and  cheek-lionet,  and  not  (pro- 
jecting towards  the  lower  part.  Owing  to  the  more  i>erpL'ndicular  din^ction 
of  the  alveolar  proccsse:*,  the  front  teeth  are  fixea  in  plane.i  which  are 
nearly  or  quite  parallel  to  each  other.  The  principal  features  in  this  form 
of  cranium  are  those  of  a  ntrgative  character;  the  chief  pO!«itivedi.Htinction  is 
the  lai^  development  of  the  cranial  cavity,  and  especially  the  fulness  and 
elevation  of  the  forehead,  in  proportion  to  the  size  of  the  face:  indicating 
the  predominance  of  the  intellectual  i)owers  over  those  merely  instinctive 

fropensities  which  are  more  directly  connected  with  sensations.  Among 
luropean  nations,  the  Greeks  have  proliablv  displayed  the  greatcist  sym- 
metr}'  and  perfection  in  the  form  of  the  heacf ;  but  various  departures  may 
be  traced  towards  the  preceding  form^,  wlien  we  compare  the  crania  of  dif- 
ferent races,  and  even  of  individuals,  iK'longing  to  the  same  stock, — some 
approaching  the  pyramidal  form  of  the  Northern  Asiatics,  whilst  otliers 
approximate  to  the  prognathous  ty|>e  of  the  Negro. 

837.  The  influence  of  habits  of  life,  continued  from  generation  to  genera- 
tion, upon  the  form  of  the  head,  is  remarkably  evinced  by  the  tran^^ition 
from  one  type  to  another,  which  may  be  observed  in  nations  that  liave 
undergone  a  change  in  their  manners  and  customs,  and  have  irnvht  an 
advance  in  civilization.  Thus,  to  mention  but  one  instance,  the  Turks  at 
present  inhabiting  the  Ottoman  and  Persian  empires,  are  unrloiihtcdly  de- 
scended from  the  same  stock  with  those  Nomadic  races  which  are  still  sjirea^l 
through  Central  Asia  (^  849).  The  former,  however,  having  conrjiiort'd  the 
countries  which  they  now  inhabit,  eight  centuries  since,  have  gradually  set- 
tled down  to  the  fixed  and  regular  habits  of  the  Indo-Kuroix-an  race,  and 
have  made  corresp<jnding  advamres  in  civilization;  whilst  the  latter  have 
continued  their  wandering  mode  of  life,  and  can  scarcelv  lie  said  to  have 
made  any  decided  advance  during  the  same  interval.  Now  the  long-;'inr*e 
civilized  Turks  have  undergone  a  complete  tran-^fDrmation  into  the  likeness 
of  Europeans;  whilst  their  nomadic  relatives  retain  the  pyramidal  corifi<^u- 
ration  of  the  skull  in  a  very  marker!  ihrirrtif\  Home  have  attributed  this 
change  in  the  physical  stnif.'ture  of  the  Turki.^h  race  to  thtr  intnKlnetion  of 
Circassian  slaves  into  the  harems  of  the  Turk.- ;  but  this  could  only  aff»'Ct 
the  opulent  and  p<iwerful  amon;;st  the  nici- ;  and  the  grr*at  mas.-*  of  the 
Turkish  population  have  always  intermarried  anioni.'  th*-mselves.  The  dif- 
ference of  religion  and  manner-*  mu-t  have  kept  them  -ejiarate  from  tlio-e 
Greeks  whom  they  subdued  in  the  new  Ottoman  eoun'rie-;  a-  in  r»T-ia,  the 
Tajiks,  or  real  Persians,  still  remain  ^juite  di.-tinet  from  their  Turkish  rulers, 
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beloBgiiig  to  a  diflerent  met  among  the  Mussulmans,  and  coramonly  \hm 
apart  from  them,— Id  like  manner,  even  the  Negro  head  and  face  may  ^ 
come  assimUated  to  the  European,  by  lonpj  subjectioo  to  similar  inrtiienc 
thus,  in  eonie  of  our  older  West  Indian  Col  on  ie^?,  it  is  not  uneonimoii  to 
with  Negroes,  the  descendants  of  those  first  introduced  there,  who  exhibit  i 
very  European  physiognomy;  and  it  has  even  been  asserted  that  a  Negro 
belonging  to  the  Dutch  portion  of  Guiana  may  be  dtstingiii^heil  from  in- 
other  belougiug  to  the  British  settle  me  nts^  by  the  similarity  of  the  featurei 
and  expression  of  each  to  those  which  respectively  characterize  his  niaetem 
The  efl*ect  could  not  be  here  produced  by  the  intermixture  of  bloods,  siflCft 
this  would  be  made  apparent  by  alteration  of  color. — But  not  on Jy  may  the 
pyramidal  and  prognathous  types  be  elevated  towards  the  elltpticul ;  the 
elliptical  may  l>e  degraded  towards  either  of  these.  Want,  squalor,  aod 
ignorance  have  a  special  tendency  to  induce  that  diminution  of  tlie  cmtltal 
portion  of  the  skull,  and  that  increase  of  the  facial,  which  charaeterlii  die 
prognathous  type  ;  as  cannot  but  be  observed  by  any  one  wbo  takes  an  ac- 
curate and  candid  survey  of  the  condition  of  the  most  degraded  part  of  the 
population  of  the  great  towns  of  this  country,  but  as  is  seen  to  i>e  pne^mi- 
nently  the  case  with  regard  to  the  lowest  elaases  of  Irish  immigrantJiv^  A 
certain  degree  of  retrogression  to  the  pyramidal  type,  b  also  to  be  notlcKl 
among  the  nomadic  tribes  which  are  to  be  found  in  every  civiliied  com- 
munity. Among  these,  as  has  l)een  remarked  by  a  very  acute  obeerver,* 
**  According  as  they  partake  more  or  less  of  the  purely  vagalx>nd  nature, 
doing  nothing  whatsoever  for  their  living,  but  moving  from  place  to  place* 
preying  on  the  earnings  of  the  more  industrions  portion  of  the  community, 
so  will  the  attributes  of  the  nomade  races  be  found  more  or  less  marked  ia 
them  ;  and  (hey  are  all  more  or  less  dti^tinguished  flir  their  high  cheok^honei 
antl  protruding  jaws;"  thus  showing  that  kind  of  mixture  of  the  pyramidal 
with  the  prognathous  type,  which  is  to  be  seen  among  tb©  lowest  of  the 
Indian  and  Malayo-Polyne?iiao  race. 

8:18.  Next  to  the  characters  derived  from  the  form  of  the  head,  ih<m 
which  are  founded  uptm  the  form  of  the  peitm  seem  entitled  to  rauk.  These 
have  been  narticularly  examined  by  Pnjfessors  VroUk  and  Weber.  Tht 
former  wa,^  led  by  his  examinations  of  lhi.s  part  of  the  skeleton,  to  conatikf^ 
that  the  jielvis  of  the  Negress,  and  still  more  that  of  the  female  Ilotte  ^ 
appmximates  to  that  of  the  Simiae  in  iUi  general  configuration  ;  e^pefiallfl 
its  length  and  narrownciifi, — the  ilkc  bones  having  a  more  vertical  p3isiUi>n, 
ao  that  the  anterior  spines  approach  one  another  much  more  closely  thaa 
they  do  hi  the  European;  and  the  sacrum  also  being  hmger  and  narrower. 
On' the  other  hand.  Prof.  Weber^  concludes,  from  a  more  ctmiprehensive 
survey,  that  no  particular  figure  is  a  penniinent  characteristic  of  any  one 
race.  He  groujits  the  principal  varietie^s  which  he  has  met  with,  accordiuf 
to  the  form  of  tlie  upper  opening  into  oval,  round,  four-sided,  tind  wedge- 
shaped.  The  first  of  these  is  most  fretjuent  in  the  European  races ;  ihti 
ond,  among  the  American  races;  the  third,  most  common  among  the 
golian  nations,  corresponds  remarkably  with  their  form  of  head  ;  whilst  i 
last  chiefly  occurs  among  the  ract^  of  Africa,  and  is  in  like  manner  cMmfou 
able  with  the  oblong  compressed  form  usually  presented  by  their  cranin 
But  although  there  are  particular  shapes  whicli  are  most  prevalent  in 
race,  yet  there  are  numerous  individual  deviations,  of  such  a  nature  \!taX 
every  variety  of  form  presents  itself  occ^ionally  in  any  given  nice, 

'  See  tho  Dublin  Univermty  Mni^imrse,  No.  jclvni. 
«  Mr.  Ht^(*ry  Mnhew,  m>  LcliKJIrMi  Lubtir  and  i\m  Limdon  Pimr,  p,  2. 
'  Die  Lalirp  v^n  d*^ri  Ur-  uud  Eneenfofiaea  der  Si/hfttniel  \md  Bo^kea  dm  Hm^ 
iqhen ;  DildselduTf,  IB30. 
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839.  Other  variations  have  been  ob^rved  by  anatonusts,  between  the  dif- 
ferent races  of  Mankind,  in  the  relative  length  of  the  bones,  and  in  the 
shape  of  the  limbs;  but  the^e  aUo  9*?em  to  have  reference  to  the  degree  of 
eiviUzati«m,  and  to  the  regularity  of  the  supply  of  wholesome  nntriment.  It 
is  genemlly  to  t^e  ohserveii  that  the  mces  least  improved  by  civilization,  like 
the  uneultivaletl  breeds  of  animals,  have  slender,  leani  and  elon^^ated  limbs; 
this  may  be  especially  remarked  in  the  natives  of  Australia.  In  nearly  all 
the  les!^  civilized  races  of  Men^  the  limbs  are  more  cmoked  and  hadly-formefl 
than  the  average  of  those  of  Europeans ;  and  thij*  is  particularly  the  case  in 
the  Negro,  the  bones  of  whose  legs  bow  outwards,  and  whose  feet  are  re- 
mark am  v  flat  It  has  been  generally  believed  that  the  length  of  the  fore- 
arm in  the  Negro  is  eo  much  greater  than  in  the  Ennipean,  as  to  constitnie 
a  real  character  of  af*prosimation  to  the  Apes.  The  difference,  however,  is 
in  reality  extremely  slight,  and  is  not  at  all  comparable  with  that  which 
exists  between  the  most  uncultivated  races  of  Men  and  in  the  higbeat  Ape^ 
(§  27).  And  in  regani  to  all  the  peculiarities  here  alluded  to^  it  is  to  be 
observed  that  they  c^n  only  be  discovered  by  the  com  parison  of  large  num- 
bers of  one  race  with  corresponding  nnmbers  of  another;  tor  individuals  are 
found  in  every  tribe,  possessing  the  characters  which  distinguish  the  majority 
of  the  other  race.  Such  peculiarities,  therefore,  are  lotally  useless  as  the 
fouudation  of  spedjlc  characters ;  being  simply  variations  from  the  ordinary 
type,  resulting  from  causes  which  might  affect  the  entire  race  b=  well  as  in- 
dividuals*^— The  connection  between  the  general  form  of  the  body^  on  the 
one  hand,  and  the  degree  of  civilization  (involving  the  regular  supply  of 
nutriment)  on  the  other,  is  made  apparent,  not  merely  by  the  improvement 
which  we  perceive  in  the  form,  development,  and  vigor  of  the  frame,  as  we 
advance  from  the  lovTcst  to  the  most  cultivated  of  the  Human  race^ :  but 
also  by  the  degradation  that  is  occasionally  to  be  met  with  in  particular 
groups  of  the  higher  tribes,  which  have  been  subjected  for  several  genera- 
tions to  the  influence  of  deiiresaing  causes.  Of  such  degradation,  ocenrring 
under  ci re um -stances  that  permit  ib?  successive  steps  to  ba  traced,  we  have  a 
remarkable  example  in  the  conversion  of  certain  tribes  of  the  Hottentot  race 
into  Bushmen  (§  854);  and  there  is  very  strong  ground  for  the  belief  that 
mmilar  influences  have  operated  at  a  more  remote  period,  in  the  production 
of  the  peculiar  characters  of  the  Guinea-coast  Negroes  and  Australian  Bussh- 
tnen. 

840.  Independently,  however,  of  the  obvious  modifying  influence  of  ex- 
terna! circumstances,  mncb  allowance  must  be  made  for  that  tendenctf  to 
varintioih  which  presents  itself,  more  or  lesj*,  in  all  those  raua^  of  animals, 
which  possess  such  a  constitutional  capability  of  adaptation  to  changes  in 
climate,  habits  of  life,  etc.,  as  enables  them  to  live  and  flourish  under  a 
variety  of  conditions.  Thus  we  find  that  the  offspring  of  any  one  pair  of 
domesticated  animals  do  not  all  precisely  agree  among  themselves,  or  with 
their  parents,  either  in  bodily  coutbrmation  or  in  piiy eh ieal  character;  hut 
that  intlmdual  differences,  as  they  are  termed,  exi.it  among  them.  Now,  as 
tliis  tendency  to  variation  cannot  be  clearly  traced  to  any  influence  of  ex- 
ternal circumstances^  it  is  commonly  diistinguished  by  the  term  '*  spontane- 
ous;'* but  as  there  is  no  effect  without  a  cause,  and  as  the  widast  differences 
of  this  kind  present  themselves  in  those  races  which  are  most  obviously 
amenable  to  the  Influence  of  external  eonditi<ms,  we  seem  justified  in  at- 

,  trihuting  them  to  agencies  operating  unosteusibly  ufwn  the  parents,  either 
TOXSviously  to  their  intercourse,  or  at  the  time  of  coition  (§  7H8|,  or  in  the 
nmiftle  during  the  period  of  uterogesUitlou  (S  771),  The  difference  betwecQ 
wild  mad  domesticated  animals  in  regar<l  to  mhr  aflv>rds  a  very  good  lUus- 
tmtioo  of  this  general  fact;  for  the  uniformity  among  the  former  ia  no  leas 
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remarkable  than  the  want  of  constancy  among  the  latter ;  aod  wliilist  mmtj 
of  color  soon  gives  place  to  uniformity,  when  daraesticated  races  return  ii 
any  considerable  degree  towards  their  primitive  state,'  it  very  speedily  M 
velops  itself  in  races  which  are  nndergoing  the  converse  process.* 

841.  How  it  is  by  taking  advantage  of  those  ** spontaneous  **  dcpartur 
from  the  ordinary  type,  which  present  features  of  value  to  the  breeticrs 
domesticated  animals,  tlmt  7}ew  races  are  developed  from  time  to  time  ^mwu 
these;  any  strongly  marked  peculiarity  which  thus  appears  in  only  a  sinirii 
individual,  being  usually  transmitted  to  some  of  its  offspring*  and  beici 
almost  certainly  perpetuated  when  both  parents  are  distinguished  by  it»  i 
happens  when  the  products  of  the  first  procreation  become  capable  of  br 
ing  with  each  other" — Now  there  can  be  no  hesitation  in  admitting^  that  ih 
tendency  to  the  so-called  "spontaneous"  variation  prevails  in  the  HuEDflU'^ 
race  to  a  greater  degree  than  in  any  other;  since  we  find  most  remarkable 
diversities  in  features,  complexion,  hair^  and  general  conformation,  ainonfl 
the  offspring  of  the  same  parentage ;  wliili^t  more  special  modifications 
the  ordinary  type,  such  as  the  possession  of  six  fingers  on  each  hand  and  < 
six  toes  on  each  foot  are  of  no  nn frequent  occurrence*  Under  ordinary 
cumsiances,  these  modifications  tend  to  disappear  as  often  as  they  occur :  ih 
free  intermixture  of  those  members  of  the  race  which  possess  them,  i 
thoBe  which  depart  Ici^s  from  the  ordinary  type,  tending  to  merge  them 
the  general  average.  But  there  can  be  no  reasionable  doubt  that  if  the  B*aii 
kind  of  gegregation  were  practiced  among  Mankind,  which  is  adopted  by  tl) 
breeders  of  animals  for  the  purpose  of  |jerpetimtitrg  a  particular  variety, 
if,  for  example,  the  members  of  a  six- fingered  family  were  to  Intermarr 
exchisively  with  one  another, — any  such  variety  wmild  lie  peruiauentljf 
tablished  as  a  new  race.  Now  if  it  be  borne  in  mind  that  the  influx 
a  st^nty  population,  in  the  early  ages  of  the  Human  race,  by  isolatii^ 
ferent  families  from  each  other,  and  causing  intermarriages  among  ev« 
nearest  relatives,  would  have  been  precisely  the  same  with  that  whi^' 
now  exercised  by  the  breeders  of  auinmls,  we  see  one  reason  why  the  varie- 
ties which  then  arose  should  have  a  much  greater  tei3dency  to  self*perpt:tui 
tion  than  those  which  now  occasionally  present  themselves.  And  when,  l<s 
it  is  borne  in  mind,  that  the  change  in  external  conditions  induced  by  mig 
tion  would  thus  oi>erate  not  only  upon  the  parents  but  upon  the  otf^prinj 
and  would  have  a  continual  influence  in  so  modifying  the  constitutM 
the  latter  that  the  peculiarities  thus  acquired  by  them  would  be  trail 
in  yet  grejiter  intensity  to  their  progeny,  there  is  no  real  dii&culty  In  ac 

1  This  bae  b^cn  especially  T)otic^^d  in  the  dog«,  bartt^,  cattle,  tbeep,  and  faugf  ii 
troduced  by  tbt^  Spjiniards  into  South  America, 

*  Tbu»  Mr.  T.  Bell  informs  ua  ( Briibh  CJnM<irtiped&,  2d  edit,,  p.  20S),  Ibat  mu  Am 
tralian  bitch,  or  din^o,  in  the  ZoologTciil  Gttrdf*r*&,  hnd  iv  liUi^  of  nufvple*,  thi*  fatb« 
of  which  was  also  ortbnt  brc^d  ;  bctth  pftreiitfr  had  been  taken  in  toe  wiltj  ^t^ti*',  b<*lli 
ivere  of  the  uniform  reddbh-brown  color  which  belongs  to  the  rai-p,  und  th<^  fnt>tb€»^ 
had  never  bred  before;  but  the  young,  gcno rated  in  coiifineifitnt  and  in  a  b»lf*i 
mention  ted  states  were  all  more  or  le»s  ii  potted. 

■  See  the  history  of  the  introtiuction  of  the  nncon  bread  of  aheej>,  ehanict«*rii«^  1 
a  peculiar  conformation  of  its  timb^i  In  Mae$achufleitE,  given  by  Colonel  Hutrhirt*< 
in  the  Phil.  Trans,  for  1813,— A  simitar  account  ba*  been  more  Utcly  t^ivt^n  hv  Pml 
Owen  {in  a  Lecture  delivered  before  the  S^wrety  of  Arts,  Dec.  10th*  !^' " 
the  recent  introduction  of  a  nt»w  brecid  of  merino  theivp,  disiinuuifil. 
smooth,  straight,  and  iilky  cbari4C|«r  of  the  wool^  and  now  known  a^  i  ,.t 
breed, — In  both  instances,  the  breed  originated  in  the  ipontnneoiis  appoarana 
male  lamb  pos»e«^ing  the  pec uUari ties  in  question  ;  front  its  offipHng  yiuh  h  »«Ti 
WHS  mad©  by  the  breed er^  ns  enabled  him  to  bring  together  nialt^  ai 
of  which  were  difltinguiebed  by  themj  and  in  their  progenyf  the  pi 
formly  appeared. 
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ing,  upon  the  strictest  physiological  principles,  for  the  widest  of  those  depar- 
tures from  one  common  type  of  conformation,  which  we  encounter  in  our 
survey  of  the  diiferent  Races  of  Mankind.^ 

84^.  Hence  we  are  led  to  conclude,  that,  so  far  as  regards  their  Anatomi- 
cal structure,  there  is  no  such  difference  among  them  as  would  justify  to  the 
Zoologist  the  assertion  of  their  distinct  origin.  But  further,  although  the 
comparison  of  the  structural  characters  of  the  Human  races  does  not  furnish 
any  positive  evidence  of  their  descent  from  a  common  stock,  it  justifies  the 
assertion  that  even  if  their  stocks  were  originally  distinct,  there  could  have 
been  no  essential  difference  between  them ;  the  descendants  of  any  one  such 
stock  being  able  to  assume  the  characters  of  another.  This,  as  already  re- 
marked, can  be  proved  by  historical  evidence  in  regard  to  a  sufficient  number 
of  tribes,  to  justify  the  same  assertion  with  respect  to  others,  whose  languages, 
customs,  habits  of  thought,  etc.,  have  an  affinity  strong  enough  to  warrant 
us  in  regarding  them  as  descendants  of  the  same  stock,  whilst  their  physical 
conformation  is  widely  different.  Each  principal  geographical  area,  which 
is  so  isolated  from  others  as  to  render  it  probable,  a  priori^  that  its  popula- 
tion has  extended  from  one  centre, — such  as  the  Continent  of  Africa,  or 
America, — contains  races  of  very  diversified  physical  characters,  whose  lin- 

Suistic  affinities  make  it  almost  certain  that  they  must  have  had  a  common 
escent ;  and  thus,  in  whatever  mode  the  types  of  the  principal  varieties  are 
selected,  they  are  found  to  be  connected  by  so  gradual  a  series  of  intermedi- 
ate or  transitional  forms,  that  it  is  impossible  to  draw  any  such  line  of  de- 
marcation between  them,  as  would  be  required  by  a  soundly  judging  Natu- 
ralist for  the  boundary  of  distinct  si>ecies. 

843.  A  very  important  confirmation  of  this  view,  is  afibrded  by  the  essen- 
tial agreement  which  exists  among  the  different  Races  of  Mankind  in  regard 
to  their  Physiological  history  ;  the  variations  which  they  present  not  being 
greater  than  those  which  we  meet  with  between  the  different  individuals  of 
any  one  race.  Thus,  we  not  only  find  the  average  duration  of  life  to  be  the 
same  (making  allowance  for  circumstances  which  are  likely  to  induce  disease), 
but  the  various  epochs  of  life, — such  as  the  times  of  the  first  and  second  den- 
tition, the  period  of  puberty,  the  duration  of  pregnancy,  the  intervals  of  the 
catamenia,  and  the  time  of  their  final  cessation, — present  a  marked  general 
uniformity,  such  as  does  not  exist  among  similar  epochs  in  the  lives  of  species 
that  are  nearly  allied  but  yet  unquestionably  distinct.  Further,  the  different 
races  of  Mankind  are  all  subject  to  the  same  diseases,  both  sporadic,  endemic, 
and  epidemic ;  the  only  exceptions  beiu^  those  in  whi<!h  the  constitution  of 
the  race  has  grown  to  a  certain  set  of  influences  (as  that  of  the  Negro  to  the 
malaria  which  generate  certain  pernicious  fevers  in  the  Euroi>ean),  producing 
an  hereditary  immunity  in  the  race,  which  is  capable  of  being  acquired  by 
individuals  of  other  races,  by  a  process  of  acclimatization  commenced  suffi- 
ciently early.'     The  most  important  physiological  test,  however,  of  specific 

1  For  H  masterly  digest  of  tho  analogical  evidence  furnished  by  the  changes  known 
to  have  bei*n  thus  nruduccd  among  domesticated  animals,  and  of  the  modifications 
which  particular  tribes  of  men  can  bo  shown  to  have  undergone  within  the  historic 
puriod,  see  Dr.  Prichard's  Physical  History  <»f  Mankind,  and  his  Natural  History  of 
Man;  eee  also  the  8ummary  given  by  the  Author  in  the  Cyclop),  of  Anat.  and 
Physiol  ,  vol.  iv,  pp.  1301-1339;  and  Darwin,  The  Variation  of  Animals  and  Plants 
under  Domestication,  18t>8. 

*  This  view  of  the  immunity  of  the  Neijro  race  from  certain  forms  of  fevi?r  which 
•re  very  fatal  to  Europeans,  is  justified,  the  Author  believes,  by  all  the  fact*?  known 
UfKin  the  subject.  Much  may  be  fct  (ii>wn,  ati  he  is  as.'-ured  by  Dr.  Daniell,  to  the 
butter  adaptation  of  the  Negro  habits  of  life  to  their  climate;  and  Europeans  who 
exercise  due  caution  (especially  in  regard  to  the  functions  of  the  hkin),  may  preserve 
an  immunity  scarcely  less  complete.     Dr.  D.  himself,  having  been  taken  prisoner  by 
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uoHy  or  diversity,  is  that  fiiniisheti  by  the  Generative  process*     It  mftyl 
coD&idered  as  a  futtdaniental  fact,  alike  iu  the  Vegetable  aod  in  the  Atiinu 
kingdom,  that  ki/brid  races  origi Dating  in  the  sexual  coDnection  of  iiidind 
uiila  of  two  different  iiiede^,  do  not  tend  to  se]f-i:ierpetuEtiun  ;  the  liyk 
being  nearly  sterile  with  each  other^  although  they  may  propagate  with  i '' 
of  their  pareut  races,  in  which  the  hybrid  race  will  soon  merge;  whi' 
the  other  hand^  if  the  parents  be  themselyes  varieties  of  the  Aame  S| 
the  hybrid  constitutes  but  another  variety,  and  its  jjowers  of  reproclw 
are  rather  increased  than  diminished,  so  that  it  may  continue  to  pmfiA^ati 
its  own  race,  or  may  be  used  for  the  production  of  other  varietie^^  alm')#t  ai 
uijinitnm.     It  appears  that,  among  PlanU*,  hybrids  originating  betwe^m  m 
doubted iy  distinct  species,  sometimes  reproduce  themselves  for  two  or  thr 
generations,  but  do  not  continue  beyond  the  fourth.     Amongst  aiiimnk,  thi 
limits  of  hybiidity  between  parents  of  distinct  species  are  more  narrow,  *inoL 
the  hybrid  is  totally  unable  to  continue  its  race  with  one  of  its  own  kiod  ;l 
and  although  it  may  propagate  with  one  of  its  parent*fipecie»»  the  prog**iJi 
will  of  course  approach  in  character  to  the  pure  breed,  and  the  race  triH 
speedily  merge  into  it     In  Auimals,  as  among  Plants,  the  mixed  ot&pring 
originating  from  different  races  within  the  limits  of  the  same  s-pccics  gen 
erally  ejtaeed  in  vigor,  and  in  the  tendency  to  multiply,  the  parent-races  froa 
which  they  are  produced,  so  as  to  gaiu  ground  upon  tbe  older  %'arietie$^  mm 
gradually  to  supercede  them/    In  this  manner,  by  the  crouiuff  of  the  breedi] 
of  our  domesticated  animals,  mauy  new  and  superior  varieties  have  been 
produced.     The  general  principle  is,  then,  that  beings  of  dbtiuct  fp^t$^  or 
descendants  from  stocks  originally  ditierent,  cannot  produce  a  mixed  nee 
which  shall  possess  the  capability  of  perpetuating  it»e]f ;  whilst  the  unit  id  of 
varieties  has  a  tendency  U>  produce  a  race  gsuperior  in  energy  and  fertility 
its  |)arents* — Tbe  application  of  this  principle  to  the  Human  ractTS  leaves  na 
doubt  with  respect  to  their  specific  unity  ;  for,  as  in  well  known,  Dot  only  df 
all  the  races  of  Men  breed  freely  with  each  other,  but  the  mixe^i  mi-v 
generally  superior  in  physical  development,  and  in  tendency  to  rapid  mult 
plication,  to  either  of  the  parent  stocks;  so  that  there  is  much  reason  li 
believe  that,  in  many  countries,  the  mixed  race  between  the  AborigiiieB 
European  colonizers  will  ultimately  become  the  dominant  power  In  tbe  < 
muuiiy.    This  is  esj)ecially  the  case  in  India,  South  America,  aud  Folyoeiia* 
844  The  question  of  fayc/tica^  conformity  or  difference  among  tbe^Rftcci 
of  Mankind,  is  one  which  has  a  most  direct  bearing  upon  the  (|U^tioo  of 
their  sjtecific  unity  or  diversity  ;  but  it  has  an  importance  of  it^  uwn^  eve 
greater  than  that  which  it  derives  from  this  source.    For.  asha%  been  argue 
with  great  justice  and  power,*  tbe  real  Unity  of  Mankind  doea  tiolHe  in  Lb« 
consanguinity  of  a  common  descent,  but  has  its  btisis  in  the  partieipntioa  *  ' 


tme  of  the  Negro  tribes  Ht  tin  early  hpi,  and  havlnj^  spent  two  je%f%  amcinc  ih 
w^etna  to  b«v«  been   thoroughly  m^climtaized ;  imd  hAi   subseqiiPrvtJy  ftiie»c9  ni»tt| 
year^  on  the  moat  unhealthy  pur  Is  of  tho  euiLSi*  wiUuiut  exporii^ncin;:  any  H^rpr^nt 
tuckapf  iUnesa,  und  in  the  erjjajnn?ni  of  very  guud  ^efiiTuI  hciiUh, —  tl  ie  i4im*ir^ 
niiiatained  thut  ihe  Nfgr*>  rinfi^'jTMJi&c&ii^s  suvh  n  eomplHtc  exomjmt^n  from  th**  Yl 
Fever  of  the  United  Sutch,  us  iimrks  its  snecific  ilitti^rencis ;  iucli,  li—    - 
conMNntly  tU«  case,  since  Ncg^roes  oectistiirimUy  smtlcr  from  U ;  nnd  lii 
immunity  a^ems  fairly  ntmbutuble  to  tb«  constitution jil  pecuijNruy  lu  ^         . 
African  progenit(>r$^,  Nnd  eupublL^  uf  l>oini^  itc^fuired  by  Eiinrp^«nA  alto. 

'  One  OP  two  inst«m*>&  hwve  be<?n  sintod  to  occur  in  which  n  MuU*  bfts  pfmlurt- 
otfj^pring  from  union  with  h  iinnlwr  wtiimnl ;  but  itiis  i§  certamly  ibi*  L*xir. 
iince  no  one  bus  ev^r  mHintidnt^d  thnt  the  ruce  €Hn  be  eontlnoKt  further 
second  generation  wilboui  admixturL*  with  ool*  of  the  parent  sppcit'^s. 

'  i^t'u  ibe  New  Qimrterly  Review,  No.  xv,  p,  131  j  and  mn  Article  by  Prof,  A| 
in  the  Chribti}tn  Ejtamineri  lioaon  i^.  E  )|  I@&Q. 
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eyery  race  in  the  same  moral  nature,  and  id  the  community  of  moral  rights 
which  hence  becomes  the  privilege  of  all.  '*  This  is  a  bond  which  every 
man  feels  more  and  more,  the  farther  he  advances  in  his  intellectual  and 
nond  culture,  and  which  in  this  development  is  continually  placed  upon 
higher  and  higher  ground :  so  much  so,  that  the  physical  relation  arising 
from  a  common  descent  is  finally  lost  sight  of,  in  the  consciousness  of  the 
higher  moral  obligations."  It  is  in  these  obligations,  that  the  moral  rights 
^  men  have  their  foundation  ;  and  thus  **  while  Africans  have  the  hearts  and 
eoDSciences  of  human  bein^,  it  could  never  be  right  to  treat  them  as  domes- 
tie  cattle  or  as  wild  fowl,  if  it  were  ever  so  abundantly  demonstrated  that 
their  race  was  but  an  improved  species  of  ape,  and  ours  a  degenerate  kind 
of  aod."— The  Psychical  comparison  of  the  various  Races  of  Mankind  is 
reaily,  therefore,  in  a  practical  point  of  view,  the  most  important  part  of  the 
whole  luvestisation ;  but  it  has  been,  nevertheless,  the  one  most  imperfectly 
pursued,  until  the  inquiry  was  taken  up  by  Dr.  Prichard.  The  mass  of 
eridence  which  he  has  accumulated  on  this  subject,  however,  leaves  no  rea- 
sonable doubt  that  no  more  "  impassable  barrier  "  really  exists  between  the 
diflerent  races  with  respect  to  this,  than  in  regard  to  any  of  those  points  of 
iwtensible  diversity  which  have  been  already  considered ;  the  variations  in 
the  positive  and  relative  development  of  their  respective  psychical  powers 
and  tendencies,  not  being  greater,  either  in  kind  or  degree,  than  those  which 
present  themselves  between  individuals  of  our  own  or  of  any  other  race,  by 
some  members  of  which  a  high  intellectual  and  moral  standard  has  been 
attained.  The  tests  by  which  we  recognize  the  claims  of  the  outcast  and 
degraded  of  our  own  or  of  any  other  '*  highly  civilized"  community,  to  a 
common  humanity,  are  the  same  as  those  by  which  we  should  estimate  the 
tnie  relation  of  the  Negro,  the  Bushman,  or  the  Australian,  to  the  cultivated 
Earopean.  If,  on  the  one  hand,  we  admit  the  influence  of  want,  ignorance,. 
and  nedect,  in  accounting  for  the  debasement  of  the  savages  of  our  own 
great  cities, — and,  if  we  witness  the  same  effects  occurring  under  the  same 
conditions  among  the  Bushmen  of  Southern  Africa  (§  854), — we  can  scarcely 
hesitate  in  admitting,  that  the  long-continued  operation  of  the  same  agencies 
has  had  much  to  do  with  the  psychical  as  well  as  the  physical  deterioration 
of  the  Negro,  Australian,  and  other  degraded  races,  bo,  on  the  other  hand,. 
if  we  cherish  the  hope  that  the  former,  so  far  from  being  irreclaimable,  may 
at  least  be  brought  up  to  the  standard  from  which  they  have  degencratecl,. 
by  means  adapted  to  develop  their  intellectual  faculties  and  to  call  forth  the 
higher  parts  of  their  moral  nature,  no  adequate  reason  can  be  assigned  why 
the  same  method  should  not  succeed  with  tne  latter,  if  employed  with  suffi- 
cient perseverance.  It  will  be  only  when  the  efiect  of  education,  intellectual, 
moral,  and  religious,  shall  have  been  fairly  tested  by  the  experience  of  many 
aeneratioTu,  in  conjunction  with  the  influence  of  a  perfect  equality  in  civil- 
isation and  social  position,  that  we  shall  be  entitled  to  speak  of  any  essential 
and  constant  psychical  difference  between  ourselves  and  the  most  degraded 
beings  clothed  in  human  form.  All  the  evidence  which  we  at  present  pos- 
sess leads  to  the  belief,  that  under  a  vast  diversity  in  degree  and  in  modes 
of  manifestation,  the  same  intellectual,  moral,  and  religious  capabilities  exist 
in  all  the  Races  of  Mankind  ;  so  that,  whilst  we  may  derive  from  this  con- 
formity a  powerful  argument  for  their  zoological  Unity  as  a  species,  we  are 
also  directly  led  to  recognize  their  community  of  moral  nature  with  ourselves, 
and  to  admit  them  to  a  participation  in  our  own  rights. 

845.  Most  important  a.sHistance  is  afforded  in  the  determination  of  the  real 
aflSnities  of  different  Races,  by  the  study  of  their  Languages.  This,  however, 
is  a  department  of  the  inquiry  so  far  beyond  the  limits  of  Physiological 
science,  that  it  must  be  here  dismissed  with  a  bare  mention  of  those  results. 
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to  wliicli  the  zealous  pursuit  of  it  by  a  large  number  of  phi^^siCTphic  Philo 
ogist?  seems  undoubtedly  to  tend. — There  eau  be  no  rea^scmable  d<»uht  ih« 
as  a  general  principle^  the  affiuitie^  of  races  are  more  lurelj  iodirated 
their  laoguages  than  by  their  physical  features;  and  the  experienced  phila 
ogi^t  18  generally  able  to  discriminate  those  res^emblnnces,  which  may  haf 
arisen  out  of  the  introduction  of  words  or  of  modes  of  construction  from 
one  into  the  other,  by  conquest,  CJommerclal  Intercourse,  or  abiH:»lute  inie 
mixture,  from  those  which  are  the  result  of  a  community  of  origin.     An 
thus  are  supplied  tha^e  means  of  tracing  the  past  history  of  races^  which 
Beldom  afforded  by  written  records,  or  even  (at  least  with  any  degree  of  < 
lainty)  by  traditional  inf(»rmation.     It  is  to  be  borne  Ln  mind  that  the  atf 
ties  of  languages  are  indicatetl,  not  merely  by  verbal  resemblance,  but  by" 
the  eimilarity  of  their  modes  of  grammatical  construction,  or  the  m^tlllNtl 
by  which  the  relation  between  different  words  that  constitute  sentence?  i« 
indicated.     The  most  positive  evidence  is  of  course  afforfled,  when  a  con:_ 
formity  exists  both  in  the  vocabuhrte^  and  in  the  modes  of  eon^ftruci tan  of  t< 
languages;  but  it  frequently  happens  that  although  the  conformity  exhu  i 
regard  to  one  of  these  alone,  yet  the  evideuce  which  it  affords  is  perfe< 
satisfactory-    Thus,  there  are  many  cajses  in  which  the  voc^bularien  arei 
continually  undergoing  important  changes  (the  want  of  written  ret-ordd 
permitting  them  to  acquire  more  than  a  tmditional  permanence),  that  th« 
divei^nce  becomes  so  great,  even  in  the  course  of  a  few  generations,  as  I 
prevent  tribes  which  are  by  no  means  remotely  descended  from  a  comma 
ancestry^  ft^Jtti  understanding  one  another;  whilst  yet  the  system  of  gran 
niaticaf  construction,  which  depends  more  upon  the  grade  of  mental  develo] 
ment  and  upon  habits  of  thought,  exhibits  a  remarkable  permanence,     Stid 
appears  to  be  true  of  the  entire  group  of  American  languages;  which 
as  a  whole,  to  l>€  Icgimately  referable  to  a  common  sti>ck,  notwithaiandia 
their  complete  verbal  diversity.     On  the  other  hand,  when  two  hinguit^ 
or  groups  of  languages  differ  greatly  in  construction,  but  pref^eut  I  hat  km 
of  verbal  correspondence  on  which  the  philologist  feels  jnalified  in  placio 
most  reliance  (namely,  an  essential  contbrmity  in  those  "primary  Wi'^k^ 
which  serve  to  represent  the  universal  idea^  of  a  people  in  the  mti^l  itimiJ 
state  of  existence),  that  correspondence  may  be  held  to  indicate  a  cominutiii; 
of  origin  if  it  cao  be  proved  that  it  has  not  been  the  result  of  in tert^ouree  i 
tween  the  two  families  of  nations  subsequently  to  their  first  divergence,  i 
if  it  seems  probable  on  other  grounds  that  their  separation  took  plaice  it  i 
period  when  as  yet  the  grammatical  development  of  both  languages  wat  f 
its  infancy.    Such  appears  to  have  been  the  case  with  certaio  of  tboee  grmi|l 
of  languages  whose  distinctness  can  be  traced  back  historically  for  the  lonjrtst  * 
period/ — It  is  evident,  then,  that  Philological  inquiry  muwl  be  lookeil  to  u 
one  of  the  chief  means  of  determining  the  question  of  ntdiatiun  from  a  fin^ 
centre  or  from  muitlpie  centres;  audit  is  a  remarkable  fact,  that  thf 
guistib  affinity  and  the  conformity  in  physical  characters  fn'queritly  suiiiii  i 
a  sort  of  complemental   relation  to  each   other,  each   being  tlie  siriin^ 
wliere  the  other  is  weakest;  so  that,  by  one  or  other  of  theise  linkj*  of  t\>a* 
Beet  ion,  a  close  relationship  is  indicated  between  all  thu^e  families  of  uaimm 
tmder  which  the  several  races  appear  to  be  most  naturally  grouped. 

2.   Gmmxl  Surveif  cf  the  Prmcip€U  VarieHei  of  the  Muman  ^pedm. 

846.  The  distribution  of  the  Races  of  Mankind  under  five  primiiry  varid 
tieaii,  according  to  their  respective  types  of  cranial  conformation^  as  tirst  pn 

1  The  change,  or  singe*  of  growth  and  development,  throogli  irhfcli  nil  tarre 
probahl^  ffL%%  biive  b«en  I  meed  m  a  mm%  inter<^tiag  niMnri^r  by  Prc^f,  Max  MdQ 
m  hit  Lecluret  oa  t\v^  S^vtuc^  ol  Viit^i^*.^^^  1861  •,  »ee  Lecture*  u  jitid  viii. 
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po0ed  by  Blumenbach,  is  still  so  commonly  received,  notwithstanding  the 
oistiDCt  proof  which  has  been  given  of  the  fallacious  nature  of  its  basis,  that 
it  will  be  desirable  to  explain  his  terms,  and  at  the  same  time  to  show  how 
fiir  the  information  subsequently  acquired  has  tended  to  modify  his  arrange- 
ment— ^The  first  of  these  varieties,  which  is  considered  to  be  distinguished 
by  the  possession  of  the  oval  or  elliptical^  type  of  cranial  conformation,  was 
designated  Caucasian  by  Blumenbach,  on  two  grounds:  first,  because  he  con- 
ndered  the  Caucasian  people  (of  whom  the  Georgians  and  Circassians  are 
bestrknown  examples)  as  presenting  its  physical  characters  in  the  greatest 
perfection ;  and  second,  because  it  was  sup[)osed  that  the  Caucasian  range  of 
mountains  might  be  regarded  as  the  centre  or  focus  of  the  races  belonging 
to  it  Neither  of  these  ideas,  however,  is  correct ;  for  whilst  the  oval  form 
of  cranium  is  presented  with  fully  as  great  beauty  and  symmetry  by  the 
Greeks,  it  seems  now  to  be  almost  certainly  determinable  by  the  evidence  of 
language,  that  the  Ceorgian  and  Circassian  nations  are  really  of  Mongolian 
origin,  and  consequently  have  no  direct  relation  of  affinity  with  tlie  other 
MUions  usually  ranked  as  belonging  to  this  variety ;  and  the  evidence  of 
history  and  tradition,  so  far  from  pointing  to  the  Caucasian  range  as  the 
original  centre  of  radiation  of  the  race,  accords  with  that  of  language  in 
MBiguing  its  locality  much  nearer  to  Central  Asia.  It  would  be  most  de- 
sirable, therefore,  that  some  other  designation  should  be  substituted  for  that 
given  by  Blumenbach  ;  were  it  not  that  the  present  state  of  our  knowledge 
requires  the  entire  abandonment  of  his  doctrine,  that  the  races  agreeing 
in  this  type  of  conformation  are  mutually  connected  by  community  of  de- 
scent For,  even  within  the  limits  of  Europe,  we  find  at  least  two  nations, — 
the  Turks,  and  the  Magyai-s  or  true  Hungarians, — whose  crania  are  char- 
acteristically oval,  and  which  are  yet  undoubtedly  of  Mongolian  origin ;  and 
although  some  allowance  must  be  made,  in  regard  to  the  change  which  has 
taken  place  among  the  former,  for  the  infiuence  of  intermixture,  with  other 
races,  yet  there  is  no  reason  to  believe  that  any  such  infiuence  has  operated 
among  the  Magyars,  whose  blood  seems  to  have  been  transmitted  with  re- 
markable purity  from  the  time  when  they  settled  in  Hungary  about  ten 
centuries  since.  In  2\ji\&,  we  find  this  tvpe  presented  not  merely  by  the 
Persian  and  other  Indo-European  races,  but  also  by  the  Syro-Arabian  and 
by  the  larger  proportion  of  the  inhabitants  of  Hmdostan  ;  yet  the  Syro- 
Arabian  races  are  more  nearly  related  to  the  African  stock  (§  848 )  than  to 
that  from  which  most  of  the  present  inhabitants  of  Europe  have  sprung ; 
and  there  is  ffood  reason  to  believe  that  the  great  mass  of  the  existing  in- 
habitants of  India  are  of  Mongolian  descent  (§  850).  It  will  be  necessary, 
therefore,  to  consider  the  nations  which  present  the  so'-called  Caucasian  type 
of  cranial  conformation,  under  several  distinct  heads.  No  uniformity  ex- 
ists amongst  them  in  regard  to  color;  for  this  character  presents  every  inter- 

^  Now  generally  termed  dnlichncephalic,  from  cJoz/^or,  lon;^,  Hnd  Kf<^i/.r/,  head ;  in 
opjKi&itiun  to  ;3/>a;frf,  fchort,  and  Ktqn'/.r/.  According  U*  R«rtzi»if»,  the  nuijiirity  of  the 
people  of  Western  Europf.  are  dulichucephaiic  and  orthognathic  loftffuCf  upright,  and 
>v«Sft>f,  jaw) ;  whiUt  the  hrachyceiihalic  is  the  prevalent  form  of  thi^  gkull  throut^hout 
the  i^reHt  ext«*nt  of  Eastern  Earopa.  He  regards  the  Hindoos,  Arian  Persians,  Arabs, 
and  Jews,  with  the  Tunijuuians  and  Chin«'H»,  a-*  being  examples  of  Asiatic  dolit-ho- 
cepbali,  the  last  two  beinic  prognathic  Irpii^  forwards,  and  -^^nttorj  jaw;,  the  former 
orthc»gnathiu;  whiUt  the  Sanioied*'^,  Turk?*,  Cirl•a-Jiian^^,  Atf;;h«n*,  La-cars,  Tarlar*, 
Mongoliani>  (b<»th  of  Asiatic  Kll^^ia  and  Mongniiu),  and  Mtthu>,  are  all  progniahic 
brnehycephali,  and  coiiBtiliite  the  [ircvailing  tyfie.  On  the  continent  of  A^i^tralia 
and  in  Van  Diemcn'^  Land,  all  the  .savage  tribi>  are  prognathic  dolich«»cephali.  See 
bis  Glance  at  the  l*rcw*nt  Slate  of  Kthnology  with  refi-n-nce  tJ»  the  Form  of  th»;  Skull, 
in  the  3Iedico-Chir.  Kev.,  lor  18yj,  vol.  xxv,  p.  0^j:j,  and  vol.  xxvi,  p.  216. 
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mediate  gmdatiofi  between  the  fair  and  florid  tmt,  with  ligbt-!t?d  or  itibnr 
hair,  of  the  Noriheru  European,  to  the  dusky  or  even  black  hue  of  t^e  fmcM 
borderiDg  on  or  lying  between  the  Tropica,  The  hair  1;^  generally  long  and  ' 
flexible,  with  a  tendency  to  euH  ;  but  considerable  variety  presents  iiwlfj 
with  regard  to  this  particular.  The  conformation  of  the  features  approaebfil  ( 
more  or  hm  closely  to  that  which  we  are  aceuitomed  to  regard  aa  tbo  type  | 
of  beauty. 

847.  The  first  place,  in  a  more  natural  distribution  of  the  Human  Races,  1 
must  undoubtedly  be  given  to  that  which  is  designated  by  Dr,  Prichard  a^j 
the  Armfif  and  which  is  often  termed  the  Ind&'European ;  including  the  col-^ 
lective  body  of  European  nations,  with  the  Persians,'  Afighans,  aud  certain 
other  nations  of  the  southwestern  poilion  of  the  Asiatic  continent*^  near  to 
which  their  original  focus  appears  to  have  been.  The  great  bond  of  connect 
tion  between  these  nations^  lies  in  their  languages;  which  in  spite  of  grml 
diversities,  present  a  certain  community  of  character  that  is  reco^uiited  b? 
every  philologist.  The  family  which  is  most  diji^imilar  to  the  rest  (the  typical 
Celt  contrasting  remarkably  with  the  types  of  the  Germanic  group,  both  ia 
physical  cou formation  and  in  psychical  characters)  is  that  formeil  by  tbe 
Vf/ftc  nations;  but  the*Me  are  undoubtedly  like  the  others,  of  Eastern  origin, 
as  was  first  shown  by  Dr,  Pnchard  f  though  they  appear  to  have  detachwt ' 
themselves  from  the  common  j*tock  at  an  earlier  period  in  the  development 
of  its  language.  The  /h^o- German ie  languages  are  obviously  all  tbrrmnl 
up<m  the  same  base  with  tbe  ancient  Sanskrit,  if  not  upon  the  Sanskrit 
itself;  and  they  are  united  alike  by  eommuuity  in  many  of  the  auiet  impor* 
tant  "primary  word^"  and  by  general  similarity  m  grammatical  constructioD. 
The  existing  I^ettish  or  Lithuanian  dialect  presents  a  very  near  approach  u> 
tbe  original  type ;  and  tbe  Old  Pru^ian,  a  dialect  sspoken  as  late  as  tbe  six- 
teenth i-eutury,  had  a  still  closer  alliance  to  the  ancient  Zend  or  Mt^iaa, 
which  seenus  to  have  been  a  very  early  derivation  from  the  Sanskrit,  aod 
which  is  the  ham»  of  the  lunguage  now  spitken  in  Persia. — But  there  is  evi- 
dence that,  notwithstanding  the  mutual  affinities  of  the  Indo-Oermanic  ku- 
guagcii,  every  one  of  them  ha  t^  been  modified  by  the  introduction  of  extra  neom 
elements:  thus,  in  those  of  Western  Europe,  there  is  a  considerable  admix- 
ture of  Celtic;  whiMl  in  others,  there  are  traces  of  more  barbaric  tongue*. 
In  fact,  there  can  be  little  doubt  that  Europe  had  an  indigenous  populaiinn, 
before  the  immigration  of  the  Indo-Gernmn  or  even  of  the  Celtic  tribesi;  and 
of  this  population  it  seems  most  probable  that  tbe  Lapps  and  Finnsof  Hcaa- 
dinavia,  and  the  Euskarians  (or  Bastjues)  of  the  Biscay  an  provinc**^,  an?  but 
the  remnant.  The  former  of  these  tribes,  which  is  undoubtedly  of  Mongoliaa 
origin^  once  extended  much  further  south  thau  at  present;  and  with  regaril 
to  the  latter,  whose  nearest  linguistic  affinities  are  also  with  the  tongue*  yf 
High  Asia,  there  is  ample  historical  proof  that  they  had  formerly  a  very*  ex- 


*  The  modern  Peramns  are  ft  very  mixed  race,  in  whkh  Turkish  *nd  A  mb  d^- 
mpiits  largely  [>iirtici|»ite*  The  mo^t  perfect  represeotrttivet  vf  the  tmginHl  ^loek 
(whose  purity  of  descent  seem*  t**  hrivu  be^n  ninini-iiined  fn>m  the  time  of  lidr 
oi-jyinal  mlgraiioTj  into  ihcir  pF(?*oiit  ItHiiilHy,  by  the  ph^'tical  itbMiHCt(«  wbieh  b<iv» 
out  ttieni  oW  from  interciiurse  with  thdr  nenre^t  n*.*ighlKjr*)  «rt»  Micved  tt'  he  the 
Kiitir^  of  Kntlr*tnii,  a  ftilr-*krnried,  Ugh  I- h wired  rnce  inbnbltiug  the  inipnu-tii-jiblp 
niuLiritMUJ  toyntrv  on  llie  wuierbhcd  bcLWLt-n  the  Oiu*  Mtid  thw  noriJiwwfiern  jionn:** 
of  the  Indus,  The  Tixjikfl  of  BokhiiriA  aUu  keep  up  the  undent  linenge  und  Ittngit*^, 
aJthoujiii  thpir  country  is*  rulfd  l>y  pi'opJr  of  Turkish  de!^c«*nt* 

*  The  ptipuhition  of  HindunHn  h«s  bu«n  eomiriunlj  HcctHinti»d  at  betonrin^  to  %h\* 
dlvisiun  ;  but  the  nn.>re  intiriiutH  the  kn^^w ledge  aitiiined  of  its  ehitriicter  ana  litngtiit^t'S 
tho  mure  doe»  tt  lead  to  the  conclui^i^ti  thnl  tbe  grenl  ma^  of  tbii  pi>ptiltitivn  b  rr«}ty  < 
of  MongahHU  det»cent  (J  BoO}. 

*  On  the  Eu^turn  Orij^iti  of  the  Celtic:  Kitbai,  18SL 
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teniive  dlstrihQtion  through  Southern  Europe.  It  would  not  seem  iTnproba- 
ble,  then,  that  the  advatice  of  the  Indo-European  tribes  from  the  southeast 
corner  into  Central  Europe,  f?eparate<l  that  ptjrtbn  of  the  aboriginal  (Mon- 
golian) population  which  they  did  not  abs^orb  or  destroy,  into  two  great  di- 
visions; of  which  one  was  gradually  pres^d  northwarif  and  eastward,  so  as 
to  he  restricted  to  Finland  and  Lapland  ;  and  the  other  southward  and 
westward,  so  as  to  be  confined  at  the  earliest  historic  period  to  a  part  of  the 
peninsula  of  Spain  and  the  South  of  France,  gradually  to  be  driven  before 
the  successive  irruptions  of  the  Celts,  Konians,  Arabians,  and  other  nations, 
until  their  scanty  remnant  found  an  enduring  refuge  in  the  fastnes.^es  of  the 
Pyrenees,^ — The  Indo-Gernranic  rat^e  is  unquestionably  that  which  has  exer- 
ci^efl  the  greatest  intluetiee  on  the  civilisation  of  the  Ofd  World  :  and  it  seems 
indubitably  deiitined  to  acquire  a  similar  influence  in  those  newly-found  lands 
which  have  been  discovered  by  its  enterprise.  With  scarcely  an  exception, 
as  Dr.  Latham  has  justly  remarked^  the  nations  belonging  to  it  pre^nt  an 
enrrouehin^  frontier:  there  being  no  instance  of  its  permanent  displaceuient 
by  any  other  race,  save  in  the  case  of  the  Arab  dominion  in  Spain,  which 
has  long  since  ceased ;  in  that  of  the  Turkish  dominion  in  Turkey  and  Ai^ia 
Minor,  which  is  evidently  destined  to  expire  at  no  distant  period,  being  up- 
held for  merely  political  purposes  by  extraneous  influeoee  ;  and  in  that  of  the 
Mag}*arsiu  Hungary,  who  only  maintain  their  ground  through  their  complete 
assimilation  to  the  Indo-Germauic  character*  It  is  a  remarkable  tact,  that 
in  most  cases  in  which  this  race  extends  itself  int<:i  countries  previously 
tenanted  by  people  of  an  entirely  different  type,  the  latter  pmgn&?sively 
decline  and  at  last  dieapi>ear  before  it,  provided  the  climate  be  such  m  en- 
ables it  to  maintain  a  vigorous  existence ;  this  is  pre-eminently  the  case  in 
North  and  South  America,  in  Australia,  in  New  Zealand,  and  in  many  of 
the  smaller  Folynesian  islands.  And  where  the  climate  is  less  favorable  to 
the  perpetuation  of  the  race  in  it.^  purity,  an  intermixture  with  the  native 
blood  frequently  gives  origio  to  a  mixed  race,  which  pissessie^  the  developed 
intellect  of  the  one,  and  the  climatic  adaptivenees  of  the  other,  and  which 
apj>ears  likely  ultimately  to  take  the  place  of  both. 

H48,  The  Syrff- Arabian  or  Sfmitic  nations  agree  with  the  preceding  in  gen* 
enil  physical  charactet^,  but  differ  entirely  in  the  structure  of  their  language, 
and  for  the  most  part  In  vocabulary  also,  though  recent  researches  seem  to 
indicate  that  certain  roots  of  the  Semitic  and  Indo-Germanic  languages  have 
a  decided  afKnity,  It  seems  quite  certain,  however,  that  the  linguistic  atBn- 
ities  of  the  Semitic  nations  are  rather  with  the  Afrtt^n  than  with  the  Indo- 
European  races;  and  so  strong  is  the  link  of  connection  thus  established, 
that  by  Dr.  Latham  they  are  ranked  with  the  former  under  the  general  des- 
ignation Atlantido'^  whilst  Mr  Norris,  who^  authority  upon  all  such  subjects 
is  deservedly  great,  is  ^frt>ngly  disposed  {as  he  has  himself  informed  the 
Anthor)  to  consider  them  an  emenfialltf  African  people.^ — The  original  scat 
of  this  race,  however,  is  commonly  reputed  to  have  been  that  region  of  Asia 
which  is  intermediate  between  the  countries  of  the  In  do  European  and  of 
the  Egyptian  races  j  having  as  its  centre  the  region  watered  by  the  great 
rivers  of  Mesopotamia.  Several  of  the  nations  primarily  constituting  this 
group  have  become  extinct,  or  nearly  so;  and  the  ArabHf  which  originally 
tbrmed  but  one  subdivision  of  it,  have  now  become  the  dominant  race^  not 


*  This  view,  which  wivs  fupgested  by  the  Author  in  the  Brit,  and  Fur.  Msd.  Kev-, 

Oct,  1847,  wiUmul  Ih*?  knowludgi^  IhHt  U  hwd  heen  elsewhere  pfufinund*jd,  hn&  heea 

tit  forth  with  considprHblo  cotiddonce  by  Dr,  Lnthadi  (Tuneties  of  Mim,  IBoO],  m 

MVing  orii^ioMted  with  Arndt  Mnd  been  ndc^pted  by  Rusk,  disUtiguieh^d  Scaadinaviiia 

t?thnologi«U* 

^  See  hh  Tmrieties  of  Man,  1850,  p,  4^9. 
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oulv  tUrougbout  the  ancient  tlomain  of  the  Syro-Ambian  nalioiHvbat] 
in  Northern  Africa.    Ijj  the  opinitm  of  Bamii  Ijarrey,  whu  ljft*l  utuple  < 
t unities  for  observali*io,  the  ekulk  of  the  Arubiaii  luee  Lit  ] 

the  most  complete  type  of  the  human  hemi ;  and  he  eotu; :be  j 

der  of  the  physical  frame  as  eqimlly  distinguished  by  its  supenarilt  lo  that 
of  other  raee^  of  men.     The  djflerenl  tribes  of  Arabs  present  vt^JTj 
diversities  of  color,  wUleh  are  generally  found  to  eoinctde  with  varii 
climate.     Thus  the  Shegya  Arabs,  and  others  liviDg  on  the  low 
bordering  on  the  Nile,  are  of  a  dark^bi-own  or  even  black  hiH*;  but  «« 
when  quite  jetty,  they  are  distinguished  from  the  Negro  races  by  ibe  br^* 
ues3  ot  their  complexions,  by  the  leugth  and  BiraightuasB  of  ihi*ir  luur,  tod 
by  the  regnhirity  of  their  features.     The  s^me  may  be  said  of  the  «mlMli^ 
ing  Arab^  of  Northern  Africa ;   but  the  influence  of  climate  and  dita»- 
stances  is  still  more  strongly  marked  in  some  of  the  trib^  ^^^off  i^tllri  k 
thai  region,  whose  descent  may  be  traced  to  a  diatmct  bra  neb  o7  xht  Sp^ 
Ariibiau  stt>ck,  namely,  the  Btrrber^  to  which  belong  die  ^Kabylcs*  of  Alpm 
and  Tunis,  the  Tuaryks  of  Sahara,  and  the  Guanehes  or  aocicnt  popalalioi 
of  the  Canary  Isle;?-     Amongst  the^e  tribes,  whose  affinity  i^  indi»putsJMr 
traceable  through  their  very^  remarkable  language,  every  gra*^  '<* 
seen,  from  the  intense  black nessi  of  the  Negra  skin^  to  the  mu; 
of  the  inhubitants  of  the  8outh  of  Euroj>e.     It  is  remarkal 
the  Tuary^k  inhabitants  of  particular  Oases   in  the  great  *i 
almost  m  ingulated  frf)ni  communication  with  other  races  as  art  mv  m 
ants  of  i^land^  in  a  wide  ocean,  have  hair  and  teatune^  that  apprtmcli^ 
of  the  Negroes* ;  although  they  ?^neak  the  Berber  language  i^  I 
a^  to  forbid  the  idea  of  the  introuuction  of  these  characters  ^ 
ture  of  mces.     The  Jaci,  who  are  the  only  remnantj§  now  - 
once-powerful  Phamiciao  tribe,  and  who  are  now  dispersed  ;: 
every  country  on  the  face  of  the  earth,  present  a  similar  di\^ 
gnidiially  assimilated  in  phydeal  characters  to  the  uationaamni  . 
have  m  long  resided  (§  S30). 

849.  The  second  primary  division  of  the  Human  family,  aceonling  l#  1^ 
arrangement  of  Blumenbach,  is  tliat  commonly  tenned'  Mon^mm.  IV 
real  5loiigol$,  however,  constitute  but  a  swingle  and  out  ^-^  r^-  '^MifiikaiUi 
member  of  the  group  of  nations  accepted  under  this  dc^  wkic^a. 

therefore,  by  no  means  an  np[>ropriate  one.  The  original  f-.in  '*i  ii;i«ie  n/tm 
app<?ars  to  have  been  the  great  c^^ntral  elevated  plaiu  of  Asia^  id  vhiiiiiil 
the  great  rivers  of  that  continent  have  their  source*,  whale vef  may  be  (W 
si»b^'C|Ueat  direction*  Taken  a^  a  whtiic,  this  division  ir  characteriird  hj 
the  pyramidal  form  of  the  skull,  whose  antero*poeteni -  iktct 

cecds  the  parietal,  and  by  the  broad ^  flat  face  and  [  tkA  _ 

by  the  fattening  of  the  not^e,  which  is  neither  arched  wti  HtjUbiiue;  liy  I 
eyes  being  drawn  upwards  at  their  outer  an  pie;  by  the  xanthout  nr 
complexion,  which  tiometimes  becomes  fair,  but  freqnenily  swarthy ; 
scantiness  and  straightness  of  the  hair,  and  dcHciency  ot  beard  :  and  I13 
iiesa  of  stature,     These  characters,  however,  arc  exhibited  in  a  pro«t»^' 
degree  onlv  in  the  more  typical  members  of  the  gnvim  r>rH  rl.iiK  f^i, 
habiting  Northern  and  Cc*'ntral  Asia;  and  may  bcc"H  tjj 

m  to  cea.se  altogether  to  be  recognizable.    Such  a  nn ..-»  *.* 

markably  eflected  in  the  case  of  a  part  of  the  TurkUh  people,  oow  m  «Kt* 

eively  distributed.     All   the   nii>st   learned  writers   00  Asian     '' " 

agreed  in  opinion,  that  the  Turkish  races  arc  of  oae  common  at' 

at  present  they  vary  in  physical  characters,  to  such  a  de^i 

tlie  original  type  has  Ijeen  altogether  changed.     Those  v 

the  aocieut  abodes  of  the  race,  and  preserve  their  putorai  uvimdic  iiii^^A 
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sent  the  physiognomy  and  general  characteristics  which  appear  to  have  be- 
longed to  the  original  Turkomans ;  and  these  are  decidedly  referable  to  the 
sn-called  Mongolian  type.  Before  the  Mohammedan  era,  however,  the 
Western  Turks  or  Osmanlis  had  adopted  more  settled  habits,  and  had  made 
considerable  progress  in  civilization  ;  and  their  adoption  of  the  religion  of 
Islam  incited  them  to  still  wider  extension,  and  developed  that  spirit  of  con- 
quest, which,  during  the  Middle  Ages,  displayed  itself  with  such  remarkable 
vigor.  The  branches  of  the  race,  which,  from  their  long  settlement  in 
Europe,  have  made  the  greatest  progress  in  civilization,  now  exhibit  in  all 
essential  particulars  the  physical  characters  of  the  European  model ;  and 
these  are  particularly  apparent  in  the  conformation  of  the  skull. — Another 
marked  departure  from  the  ordinary  Mongolian  type,  is  presented  by  the 
Hyperborean  tribes  inhabiting  the  borders  of  the  Icy  Sea ;  these  have  for 
the  most  part  a  pyramidal  skull,  but  their  complexion  is  swarthy  and  their 
growth  is  peculiarly  stunted ;  and  they  form  the  link  that  connects  the  ordi- 
nary Mongolidse  with  the  Lapps  and  Finns  of  Europe  on  one  side,  and  with 
the  Esquimaux  of  North  America  on  the  other.  The  Ugrian  divisicm,  which 
migrated  towards  the  northwest  at  a  very  early  period,  planted  a  colony  in 
Europe,  which  still  tenants  the  northern  Baltic  countries,  forming  the  races 
of  Fiwis  and  Lapps.  In  the  time  of  Tacitus,  the  Finns  were  as  savage  as 
the  Lapps ;  but  the  former,  during  the  succeeding  ages,  became  so  far  civil- 
ized, as  to  exchange  a  nomadic  life  for  one  of  agricultural  pursuits,  and  have 
gradually  assimilated  with  the  surrounding  people;  whilst  the  Lapps,  like 
the  Siberian  tribes  of  the  same  race,  have  ever  since  continued  to  be  bar- 
barous nomades,  and  have  undergone  no  elevation  in  physical  characters. 
The  same  division  gave  origin  to  the  Magyars  or  Hungarians;  a  warlike 
and  energetic  people,  unlike  their  kindred  in  the  North ;  in  whom  a  long 
abode  in  the  centre  of  Europe  has,  in  like  manner,  developed  the  more  ele- 
vated characters,  physical  and  mental,  of  the  European  nations. 

850.  The  nations  inhabiting  the  Southeastern  and  Southern  portions  of 
Asia,  also,  appear  to  have  had  their  origin  in  the  Mongolian  or  Central 
Asiatic  stock ;  although  their  features  and  form  of  skull  by  no  means  ex- 
hibit its  characteristic  marks,  but  present  such  departures  from  it,  as  are 
elsewhere  observable  in  races  that  are  making  advances  in  civilization.  The 
conformity  of  the  Mongolian  type  is  most  decidedly  shown  by  the  nations 
(collectively  termed  Seriform  by  Dr.  Latham),  which  inhabit  China,  Thibet, 
the  Indo-Chinese  peninsula,  and  the  base  of  the  Himalayan  range ;  these 
are  associated  by  certain  linguistic  peculiarities  which  distinguish  them  from 
all  other  races ;  that  primitive  condition  of  human  speeirh,  in  which  there  is 
a  total  absence  of  inflections  indicative  of  the  relation  of  the  principal 
words  to  one  another,  being  apparently  preserved  with  less  change  in  the 
tongues  of  these  people,  than  in  those  of  any  other.  The  Chinese  may  be 
physically  characterized  as  Mongolians  softened  down  ;  and  in  passing  from 
China  towards  India  through  the  Burmese  empire,  there  is  so  gradual  a  tran- 
sition towards  the  ordinary  Hindoo  type,  that  no  definite  line  of  demarca- 
tion can  be  anywhere  drawn. — The  inhabitants  of  the  great  peninsula  of  Hin- 
dostan  have  been  commonly  ranked  (as  already  remarked)  under  the  Cau- 
casian race,  both  on  account  of  their  physical  conformity  to  that  type,  and 
also  because  it  has  been  considered  that  the  basis  of  their  language  is  San- 
skritic.  It  is  certain,  however,  that  this  conclusion  is  incorrect  with  reganl 
to  a  very  large  proportion  of  the  existing  population  of  India ;  and  there  is 
strong  reason  to  l)elieve  that  no  part  of  it  bears  any  real  relation  of  affinity 
to  the  Indo-Euro(>ean  group  of  nations,  except  such  as  may  be  derived  from 
a  slight  intermixture.  Thus,  the  Tamulian,  which  is  the  dominant  language 
of  Simthern  India,  is  undoubtedly  not  Sauskritic  in  its  origin  (although  con- 
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tfttiilng  an  iufasion  of  Saaskritic  worrU),  but  more  tl     '  rust^n 

the  Seriform  type;  aud  many  of  the  hill  tribes,  in  th,.  f  laibi 

^peuk  peeuHar  dialect^f  which,  though  Tnutuatly  uumielVi^ible^  iky^mi  wAr* 
able  to  the  same  stock.  Now  it  is  anioDg  thb  porliou  of  the  popuUbAff 
liiJia^  that  the  greatest  departure  preheats  itself  front  the  Ciim^iififttt  im«l 
crnuial  formatiou,  and  the  closest  conformity  to  the  Motig:oliaa;  the  <mk* 
bones  beiug  more  prominent,  the  hair  coarse,  scanty,  and  ^tmij^ht,  iod  ibf 
tio?«e  Hattened  ;  sometimes,  also,  the  lips  are  very  thick,  and  the  jiiw^  pp^seu 
e«hc^w]i3g  an  approximatioD  to  the  prognathous  type.  Now  in  ihn  opioioiirf 
Dv,  Latham  and  Mr.  Korris,  the  various  dialects  of  Xt/HArrfi  indm  Irf 
which  the  Smtioitani  is  the  most  extensively  spoken)  art;  lo  be  rrg&fiM  v 
belonging,  in  virtue  of  their  fundamental  nature,  to  the  s&me  group  vtti 
those  of  High  Asia,  notwithstanding  the  large  infusion  of  S^askritie  wwrt 
which  tbey  contain;  this  infusion  having  been  introduced  u  fv 

by  an  invading  branch  of  the  Arian  stock,  of  whose  ailvei 
cal  evidence,  and  who^  descendants  the  ordinary  Hindoo  umftm 

been  erroneotusly  supposed  to  be.    According  to  this  view,  t  :  DflttCftit 

of  the  Arian  invasion  up4>n  the  langudge  and  population  *-:  m  Imtm 

was  very  much  akin  to  that  of  the  Norman  invasion  ufKm  1 1 
the  number  of  indiviJuals  of  the  invading  race  being  ^>  sinaU  in  prof 
to  that  of  the  indigenous  population  as  to  be  speedily  ^^♦^rL'^'d  In  ii,- 
ho we vefj  without  contributing  to  an  elevation  of  it^'phv  indm; 

and  a  large  number  of  new  words  having  been  in  like  mu,,:.  ,  ,.i;xwtKH 
without  any  essential  change  in  the  type  of  the  original  languaatk  Aai 
thus  the  only  distinct  traces  of  the  Arian  stock  are  to  bcr  tbuntl  in  ibc  Bm^ 
miuicai  caste,  which  pr^er%*es  (though  with  great  corruption)  the  oniiail 
Brahmiuical  religion,  and  which  keep^i  up  the  Sanskrit  m  its  dnmaii  W 
guage;  it  is  certain,  however,  that  this  race  is  far  from  being  of  purr  <i<^ 
^cent,  having  intermingled  to  a  comiderable  esetent  with  0  '  Hin- 

doo populaiioa.     There  is  but  little  to  remind  u^  of  the  >i  ifl 

the  countenances  of  the  Hiudoos,  which  are  often  rrm n  l.   '■  iv 

metric4il  beauty  that  only  wanti3  a  more  intcMeetua)  +\tM.    -;  irr 

them  extremely  striking;  same  traces  of  it,  however,  may  |^  f  'i  ' ;-  -  ^ 

in  the  rather  prominent  zygomatic  arches  which  arc  conum-r* 
but  the  cranial  portiou  of  the  skull  prt^eiiu*  uo  approacik 

type,  beiug  often  very  regularly  elliptical.     There  is  a  reina _ 

in  the  color  of  the  different  Hindoo  tribes;  some  being  nearly  a^  dsHt  •* 
Negroes,  others  more  of  a  copper  color,  aud  otbei^  but  littJe  darker  Uuud  lb 
inhabitants  of  Southern  Europe.^ 

^'jL  According  to  the  usual  mode  of  dividing  tho  Human  ^-^--i*  tiy? 
Ethiopian  or  NerfW  stock  14^  made  lo  include  all  the  nation*  of   '  at 

southward  of  the  Atlas  range.  But,  on  the  one  hand*  the  Uoneutoi*  aod 
Bushmcu  of  the  southern  ejttremity  c^nMitnte  a  group  vi'hieh  i^  filraii|rfy«B» 
tiuguished  by  physical  characters  from  the  re!?t  of  the  Afs^  "V 

again,  the  region  north  of  the  Great  Desert  h  mostty  oc  -^.^k 

tribes  (§848):  the  saUtered  popuiation  of  the  Great  D  :4i  (rpa 

being  Negro  in  many  of  m  tcature^;  the  valley  of  t!i  c^iifttt* 

middle  and  lower  portions,  including  Egypt,  Nuhi  i,  :im.  .>  ,,  \  »«{iiiij|,b 
inhabited  by  a  group  of  nations  which  in  ay  be  drM-miL.  <  li.  N  iu>uc,ii»^ 
which  pr&sents  a  ^ri^  of  gradational  truusittous  betwetia  the  Niigroei  itti 
Ka^Ves  aud  the  Semitic^  raeei;  a  largQ  portioti  of  the  arem  •owl  of  tbe 

*  Ffir  mnny  tnteri^ting  partfcuUr*  rcfpecting  the  phptcat  chmfwoU>t%  and  haUtiitf 
tli«  wild  trtboi  ol"  ihci  Vedduhs  at  Ct^lcin,  fei*  u  piip^r  by  J-  B*i]e>  in  U»«  tnntm 
Uuna  of  the  Eihoulugicwl  Sotiuty,  vqL  li,  p.  27^. 
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Equator  is  occupied  by  the  Kaffre  tribes  and  their  allies,  which  caunot  be 
truly  designated  as  Nesroes:  so  that  the  true  Negro  area  is  limited  to  the 
western  portion  of  the  African  continent,  including  the  alluvial  valleys  of 
the  Senegal,  the  Gambia,  and  the  Niger,  with  a  narrow  strip  of  Central 
Africa,  passing  eastwards  to  the  alluvial  regions  of  the  Upper  Nile.  Even 
within  tnis  area,  the  true  Negro  tyi)e  of  conformation,  such  as  we  see  in  the 
races  which  inhabit  the  low  countries  near  the  Slave  Coast,  consisting  in  the 
combination  of  the  prognathous  form  of  skull  with  receding  forehead  and 
depressed  nose,  thick  lips,  black  woolly  hair,  jet  black  unctuous  skin,  and 
crooked  legs,  is  by  no  means  universally  prevalent;  for  many  of  the  nations 
which  inhabit  it  must  be  ranked  as  «ubtypieal  Negroes;  and.  from  thase  the 
gradation  in  physical  characters  is  by  no  means  abrupt,  to  those  African 
nations  which  possess,  in  a  considerable  degree,  the  attributes  which  we  are 
accustom^  to  exclude  altogether  from  our  idea  of  the  African  race.  Thus, 
the  race  of  Jolofs  near  the  Senegal,  and  the  Guber  in  the  interior  of  Sudan, 
have  woolly  hair  and  deep  black  complexions,  but  Rue  forms  and  regular 
features  of  a  European  cast;  and  nearly  the  same  may  be  said  of  the  darkest 
of  the  KafTres  of  Southern  Africa.  The  Bechuana  Kaffres  present  a  still 
nearer  approach  to  the  European  tyi)e;  the  complexion  being  of  a  light 
brown,  the  hair  often  not  woolly  but  merely  curled,  or  even  in  long  flowing 
ringlets,  and  the  figure  and  features  having  much  of  the  European  char- 
acter.— There  is  no  group,  in  fact,  which  presents  a  more  constant  corre- 
spondence between  external  conditions  and  physical  conformation,  than  tliat 
composed  of  the  African  nations.     As  we  find  the  complexion  becoming 

fradually  darker,  in  passing  from  Northern  to  Southern  Europe,  thence  to 
Forth  Africa,  thence  to  the  borders  of  the  Great  Desert,  and  thence  to  the 
intertropical  region  where  alone  the  dullest  black  is  to  be  met  with, — so  do 
we  find,  on  {massing  southwards  from  this,  that  the  hue  becomes  gradually 
lighter  in  proportion  as  we  proceed  further  from  the  equator,  until  we  meet 
with  races  of  comparatively  fair  complexions  among  the  nations  of  Southern 
Africa.  Even  in  the  intertropical  region,  high  elevations  of  the  surface 
have  the  same  effect  as  we  have  seen  them  to  produce  elsewhere,  in  lighten- 
ing the  complexion.  Thus  the  high  parts  of  Senegambia,  where  the  tem- 
perature is  moderate  and  even  cool  ut  times,  arc  inhabited  by  Fulahs  of  a 
light  copper  color,  whilst  the  nations  inhabiting  the  lower  regions  around 
them  are  of  true  Negro  blackuess:  and  nearly  on  the  same  parallel,  hut  at 
the  opposite  side  of  Africa,  are  the  high  plains  of  Enarea  and  Kaffa,  of 
which  the  inhabitants  are  said  to  be  fairer  than  the  natives  .of  Southern 
Europe. 

852.  The  languages  of  the  Negro  nations,  so  far  as  they  are  known,  ap- 
pear to  belong  tt)  one  group;  for  although  there  is  a  considerable  diversity 
in  their  vocabularies  (arising  in  great  part  from  the  want  of  written  records 
which  would  give  fixity  to  their  tongues),  yet  they  seem  to  present  the  same 
grade  of  development  and  the  same  grammatical  forms;  and  various  proofs 
of  their  affinity  with  the  Semitic  languages  have  been  developed,  these  being 
afforded  by  similarity  alike  of  roots  and  of  grammatical  construction.  The 
Semitic  affinity  of  the  Negro  nations  is  further  indicated  in  n  very  remark- 
able manner,  oy  the  existence  of  a  variety  of  superstitious  and  usages  among 
the  Negroes  of  the  Western  coast,  chjsely  resembling  those  which  prevail 
also  among  the  Nilotic  races  whose  Semitic  relations  are  most  clear,  as  well 
a«  among  branches  of  the  Semitic  stock  itself;  and  thus  we  seem  to  have 
adequate  j)roof  of  the  absence  of  any  definite  line  of  demarcation,  in  regard 
either  to  physiological  or  to  lingnit^tic  charac^ters  between  the  Negro  race,  and 
one  of  those  which  has  been  hitherto  considered  to  rank  among  the  most 
elevated  forms  of  the  Caucasian  variety. — Nor  is  there  anything  in  the 


p$iffrhiml  chararter  of  the  Negro,  \^ 

other  races  of  MankincL     It  is  true  that  tho^  mce^  wii 

cbarnct^r  id  an  exaggerated  degree,  are  uniformly  m 

sot:*iet_>%  being  either  feroeiou?  sava;?e^,  or  slupirl,  ^^nsusl,  and  in 

are  tnos^t  of  the  tribes  abog  the  Slave  Coast,     But,  oo  the  irtbrr  haoA,  tk^ 

arc  manj  Negro  States,  the  inhal>it^nLs  of  which  hure  mltdDOii  m  cmmiff' 

able  degree  of  improvement  in  their  H^cial  condition;  «iich  aro  Iho  Aftautt, 

the  Siilima,  and  the  Dahoman^  of  Wc«teni  Afrtt^,  also  the  Gwhw  oTOnh 

tral  Sudan,  among  which  a  eousiderable  degree  of  eiviliTation  hii#  bi^rts* 

isted ;  the  phy&ieai  characters  of  all  the^e  iiaiiou?  devinte  eoDNiiemMrirai 

the  stroDgW  marked  or  exaggerated  type  of  the  Negro:  and  tht*  ltt«l  iff 

perhaps  the  finest  race  of  genuine  Negroes  on  the  v, '    '  Mi,  sail  p^ 

Bent  in  their  language  the  most  distinct  traces  of  oi    .  riAtptatbc 

SvrO'x\mbian  nations*     The  highest  civilization,  atjii  th^  gr^-atest  imftrvf^ 

ment  in  physical  characters^  am  to  he  found  in  those  Africnn  iiftt joiii  wbiHi 

have  adopteil  the  Mohammedan  religion  ;  thb  was  inlnHhiccd,  thrw  <ir  fiiij 

centuries  since,  into  the  eastern  portion  of  Central  Africa;  ai»il  it  apptitf 

that  the  same  people,  which  were  then  exi§ting  in  the  9^vn^  rafiiiiitti<iii  fSiil 

exhibited  by  the  paguu  nattou^  further  mxiih,  have  nowadufH^d  Diaar  iiftlM 

arts  and  inslitutions  of  civil i^ted  8<M*iety.  subjecting  themselvea  to  p^ivim^ 

tnents,  practicing  agrieultnre,  and  dwelling  in  town»  of  f-i.ii^Jili 

many  of  which  contain  lOftW,  and  »ome  even  30,WMJ  w\ 

stance  which  impliei^  a  considerable  advancement  in 

resource*  of  snbsi^tence.     This  la^t  fact  aflbnls  most  str 

impr&vnb  Hit  if  of  the  Negro  races:  and,  taken  in  connciLnm  ^s^y 

iustances  that  have  pres^ented  themselves,  of  the  advance  of  indM 

under  favorable  circumstances,  to  at  least  the  aver; 

velopment  among  the  Enfi»|)ean  nations,  it  affiurd& 

of  demarcation,  which  has  bt^n  snjjfwjised  la  separate  iL' 

nKifally  from  the  meej^  that  have  ai mined  the  greatest  1 1 

real  existence  than  that  which  ha^  bt*ejj  su[>p»>ied  lo  bv 

ence  in  physical  characters,  and  of  which  the  tallacy 

dem  oust  rated. 

85:],  The  mutbem  portion  of  the  Africao  eoDtinent  i»  iahabilMl  hj  * 
gronp  of  nations,  which  (as  already  mentioned  ^  rec«»de  more  or  lettdndfiDy 
from  the  Negro  tyjie  in  physical  characters,  ami  which  aeera  i*f%fw.»i'irtl  i**- 
geth  e  r  by  €J^?en  ti  a  1  com  nut  n  i  ty  o  f  [  a  n  gn  a  ge,  as  b  ra  nch  ii^  ti  f  Uie  91 4  -  1 

the  Kaffre^  m&y  be  considered  the  stem.     In  this  warlike*  uomti 
which  inhabit  the  eastern  jmrL**  of  South  Africa,  tn  the  iiorlL 
Hottentot  country,  so  great  a  departure  from  the  tmiinary  Nisgr 
sentt  Itself,  that  many  travellere  have  as^gnetl  to  them  a  ditf^ 
The  degree  of  this  departure,  however,  vari**  ^rcm'^' 
tribes;  for  whilst  some  of  them  arc  hhu'k,  wo*>ll 
prognathous,  so  a*  obviously  to  appnmch  the  tuodititni  ^egti^m  uf  i_ 
general  aspect, others  reeede'eonsiderabiy  from  the  typical  prtignatlitai- 
Botli  in  complexion,  features,  and  form  of  head,  presenting  a  litfht  h»**(iii 
color,  a   high   forehead,  a  prominent  nose,  aud  a  lall,  n*bysi,  welJ^bipf4 
figure,     The  thick  lips  and  black  frixzJe*!  hair,  ho\*ever,  are  gf'JMfrmlty  rf- 
tained  ;  though  th^  hair  is  sometimes  of  a  reddish  ei.dor,  and  Ik  h  nrn^  6o^* 
ing:  and  the  features  may  present  n  European  eatil.     But  ci|  tk 

trilies  which  de[mrt  most  widely  from  the  Nej^ni  ty|^,  indiv*  ..,^.    ...*:  SmA 
who  present  a  return  to  it ;  and  it  is  interesting  to  ri^mark,  thai  the  (Mfdt 

of  Delagi*a  Bay,  though  of  the  KaflVe  race  fas  indicated  by  tli€ir  '-' !t\ 

having  been  degraded   by  subjugatitin»  apprcmeh  the  petitd^  ol  ^ 

Coast  in   their  physit^al  characters.     lu   (act,   txjtwecn   the  ituiwi  eirvat*^ 
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Kaffire  and  the  most  degraded  Negro  every  possible  gradation  of  physical 
and  psychical  characters  is  presented  to  us,  as  we  pass  northwards  and 
westwards  from  Kafiraria  towards  the  Guinea  Coast ;  and  we  meet  with  a 
similar  transition,  although  not  carried  to  so  great  an  extent,  as  we  pass  up 
the  eastern  coast. — ^The  languages  of  the  Kaffres  and  other  allied  tribes  are 
distinguished  by  a  set  of  remarkable  characters,  which  have  been  considered 
as  isolating  them  from  other  African  tongues.  According  to  Dr.  Latham, 
however,  these  peculiarities  are  not  so  far  without  precedent  elsewhere  as  to 
establish  the  very  decided  line  of  demarcation  which  some  have  attempted 
to  draw;  and  may  be  regarded,  in  fact, as  resulting  from  the  fuller  develop- 
ment of  tendencies  which  manifest  themselves  in  other  African  languages. 

854.  The  Hottentot  race  differs  from  all  other  South  African  nations,  both 
in  language  and  in  physical  conformation.  Its  language  cannot  be  shown 
to  possess  distinct  affinities  with  any  other  stock  ;^  but  in  bodily  structure 
there  is  a  remarkable  admixture  of  the  characters  of  the  Mongolian  with 
those  of  the  Ne^ro.  Thus  the  face  presents  the  very  wide  and  high  cheek- 
bones, with  the  oblique  eyes  and  flat  nose  of  the  Northern  Asiatics ;  at  the  same 
time  that,  in  the  somewhat  prominent  muzzle  and  thick  lips,  it  resembles  the 
countenance  of  the  Negro.  The  complexion  is  of  a  tawny  buff*  or  fawn 
color,  like  the  black  of  the  Negroes  diluted  with  the  olive  of  the  Mongols. 
The  hair  is  woolly,  like  that  of  the  Negroes,  but  it  grows  in  small  tufts  scat- 
tered over  the  surface  of  the  scalp  (like  a  scrubbing-brush),  instead  of  cov- 
ering it  uniformly :  thus  resembling  in  its  comparative  scantiness  that  of 
the  Northern  Asiatics.  It  is  most  interesting  to  observe  this  remarkable  re- 
semblance in  physical  characters,  between  the  Hottentots  and  the  Mongolian 
races,  in  connection  with  the  similarity  that  exists  between  the  circumstances 
under  which  they  respectively  live ;  and  it  is  not  a  little  curious  that  the 
Hottentot,  as  the  Mongol,  should  be  distinguished  by  the  extraordinary 
acuteness  of  his  vision  (§  854).  No  two  countries  can  be  more  similar  than 
the  vast  steppes  of  Central  Asia  and  the  karoos  of  Southern  Africa ;  and 
the  proper  inhabitants  of  each  are  nomadic  races,  wandering  through  deserts 
remarkable  for  the  wide  expansion  of  their  surface,  their  scanty  herbage,^ 
and  the  dryness  of  their  atmosphere,  and  feeding  upon  the  milk  and  flesh  of 
their  horses  and  cattle.  Of  the  original  pastoral  Hottentots,  however,  com- 
paratively few  now  remain.  A  large  proportion  of  them  have  been  gradu- 
ally driven,  by  the  encroachments  of  the  Kaffres  and  of  European  colonists, 
and  by  internal  wars  with  each  other,  to  seek  refuge  among  the  inaccessible 
rocks  and  deserts  of  the  interior ;  and  have  thus  been  converted  from  a  mild, 
unenterprising  race  of  shepherds,  into  wandering  hordes  of  fierce,  suspicious, 
and  vindictive  savages,  treated  as  wild  beasts  by  their  fellow-men,  until  they 
become  really  assimilated  to  wild  beasts  in  their  habits  and  dispositions. 
Hence  have  arisen  the  tribes  of  Bushmen  or  Boyesmen,  which  are  generally 
regarded  as  presenting  the  most  degraded  and  miserable  condition  of  which 
the  Human  race  is  capable,  and  have  been  supposed  (but  erroneously)  to 

1  It  is  considered  by  Pome,  that  the  Hottentot  Innscuago  is  a  de*jraded  Kaffre,  as  tho 
Bushman  language  is  a  degraded  Hottentot ;  but  tho  Author  is  informed  by  Mr.  Nor- 
ris  that  he  sees  no  valid  ground  for  this  assumption  ;  the  affinities  of  tho  Hottentot 
language  being  rather,  in  his  opinion,  with  the  langiiHges  of  High  Asia,  although 
the  connecting  links  are  extremely  slight  Such  as  ihey  are,  however,  they  tcMid  to 
confirm  an  idea  suggested  to  tho  Author  some  years  since  by  the  marked  reproduction 
of  so  many  Mongolian  eharaeters  in  tho  Hotient<)t  race. — that  is  the  remnant  of  a 
migration  from  Asia,  earlier  than  that  in  which  the  great  hulk  of  the  African  nations 
have  their  origin  ;  and  that  it  has  been  driven  down  lo  the  remotest  corner  of  the 
continent,  just  as  the  aboriginal  (Mongolian)  population  of  Southwestern  Europe 
seems  to  have  been  driven  back  by  tho  Indo-European  immigration  (J  847j. 
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present  reserabl&Dces  lu  physical  ebsmcters  to  tbc  biglter  Qmkdi 
Thh  transformattoD  has  taken  place,  under  the  oWnratiun  of  et e^vil 
ia  the  Korana^,  a  tribe  of  Hottentots  well  koowi]  Up  lokXt  been 
the  most  advaoced  iu  all  the  iraprovenieDts  which  biJcicig  to  fimiunl  lid; 
for  UaTiug  beeo  plundered  by  their  neighbors,  and  driren  imt  tttlDlkv^ 
demej^s  to  enb^iit  upon  wild  fruits,  they  have  adoriir^l  tli*-  !tab«U  of  ill 
Bu»ihnien,  and  have  beeome  assimilated  in  every  v-  nWtote 

miserable  tribe.— -It  appf^ra,  however,  from  the  .i,^,.,,.^..^  *  Dr.  AidfW 
8riuth,  that  this  proce^  of  degradation  ba^  been  in  operaiion  Kpttte  mi^ 
peudently  of  external  agencies;  Qearlv  all  the  South  African  iribe*  mh»  ham 
made  any  advances  in  civilization  oeing  snrrouoded  by  moi^  baiittraii 
hordes,  whose  abodes  are  in  the  wildemessee  of  mouotajiis  and  ibcfsi^iiil 
who  constantly  recruit  their  nnmbere  by  such  fugitives  aa  crinie  ami  dMOl- 
tion  may  have  driven  from  their  own  more  honest  and  more  tbrirafrcMr 
mutntie^ ;  and  the^  people  vary  their  mode  of  speech  destiniedhr,  and  em 
adopt  new  words,  in  order  to  make  their  meaning  unintelltglble  IiiaU  hit 
the  members  of  their  own  association.  This  has  ils  complete  psfBlkl  h  ll* 
irery  midst  of  our  own  or  auy  other  highly  eiviliied  cxMitiiBtnittT ;  ill  mt 
large  towns  containing  sjxits  nearly  as  inaccessible  to  tboie  uMtme^fuiHlt^ 
wit  El  thetn^  as  are  the  rude  caves  or  clefU  of  hills,  or  tJ»e  b«irrEH»  miMfti 
out  of  the  level  karroo,  in  which  the  wreteheil  Bushman  lies  in  natt  for  lib 
prey ;  and  these  being  tenanted  by  a  people  that  have  been  well  cfaificli^ 
ued  as  ies  cianifrjt  dan^ereti^t^s,  which,  as  often  aa  the  arm  of  the  l-i*  -  '""^ 
yzed,  issue  forth   from   the  unknown  deserts  within   which   tii  4 

rival  in  their  fierce  indulgence  of  the  m«ist  degrading  pad^tiOT-,  au^i  iu  .inii 
exce?^scs  of  \^anton  cruelty^  the  moa»t  terrible  exhibittons  of  barlmnai  w 
buinantty.  Such  outcasts,  in  all  nations,  purposely  adopt,  likt  ll»  Biik 
men^  a'*tlash''  lunguage;  and  iu  their  general  charmeter  and  unga^  llMftil 
a  most  ^striking  puralleL* 

855,  The  American  nations,  taken  a>lle€tively.  fcrin  a  group  whid  ir 
|ir  ir>i  to  have  existed  m  a  separate  family  of  nnttoDi  fitim  a  wrt  mij 
l»'\u4  in  the  world  s  his^iory.  They  do  uqI  tbrro»  bowuver,  ih}  doliact  i  «i* 
riety,  in  regard  to  phy^ic-al  charufter?,  m  aime  aoattfiabta  hmwm  mSmymt 
to  prove;  for,  although  certain  peculiarities  have  beto  atatod  tti  totiitiaifc' 
skulb  of  the  aboriginal  AmericaiL^,  yet  it  15  found  tjii  a  more  MEtisniif*  «*• 
amiuation,  that  these  pecnlinrities  are  very  limited  i'l  ^^^  =r  .TU'nf^— |k 
several  nations  spr^d  over  this  vast  lontinent  dilj^rin  A^  *■ 

physi<.^l  peculiarities  as  much  a»  they  do  from  thosijor  i.r-  ;   ,,.  .ii^aitkii 

DO  typical  form  can  be  made  out  among  them.  lo  rt^nl  to  eompieski, 
again,  it  may  be  remarked,  that,  alihougb  the  native  America^  ^~"  ^*^ 
coiumooly  chanieteri2ed  as  "red  men,*'  they  are  by  no  meaiw  • 

a  red  or  coppery  hue,  some  being  as  fair  as  many  ICurofwrno  naiiMa?,  •;»*> 
being  yellow  or  brown,  and  othet^  nearly,  if  not  r|uitc,  as  black  at  ite  ^^^ 
grots  of  Africa  ;  whilst,  on  the  other  hand,  there  mny  tnboi  tt^ually  tvd.  ^ 
perhaps  more  dej*erviug  that  epithet,  in  Africa  and  PolyiMiia.  Oar  ori^ 
n&ry  notion  of  the  American  rac^^,  havinij  been  cJiiedy  VciitDiliid  apii 
characters  of  tho:*e  tribes  of  ** Indians'*  with  whom  Eitropcmit  «iftllir  ^ 
came  into  contact,  proves  to  be  no  more  applicable  Co  lli«  itibabliaiiti 
Continent  generally,  than  are  the  character?  of  the  Kligro  lo  tb«  iwpi] 
of  Africa  aa  a  whole  (§  851).^ — In  spite  of  all  this  diven«tty  of  iriiafbmi 
It  i^  believed  that  the  structure  of  their  languages  mflbraa  a  deriiM  ^ 
clearly  marked  evidence  of  relationship  betweoi  ibrm  (5  845).    Xiaiaifr 
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BtandiDg  their  diversities  in  mode  of  life,  too,  there  are  peculiarities  of 
mental  character,  as  well  as  a  number  of  ideas  and  customs  derived  from 
tradition,  which  seem  to  be  common  to  them  all ;  and  which  for  the  most 
part  indicate  a  former  elevation  in  the  scale  of  civilization,  that  has  left  its 
traces  among  them  even  in  their  present  depressed  condition,  and  still  dis- 
tinguishes them  from  the  sensual,  volatile,ana  almost  animalized  savages  that 
are  to  be  met  with  in  many  parts  of  the  Old  Continent. — ^The  Esquimaux 
have  been  regarded  as  constituting  an  exception  to  all  general  accounts  of 
the  physical  characters  of  the  American  nations ;  for  in  the  configuration 
of  their  skulls,  as  also  in  their,  complexion  and  general  physiognomy,  they 
conform  to  the  Mongolian  type,  even  presenting  it  in  an  exaggerated  degree; 
whilst  their  wide  extension  along  tne  whole  northern  coast  of  America, 
through  the  Aleutian  Islands,  and  even  to  the  Continent  of  Asia,  certainly 
lends  weight  to  the  idea  that  they  derive  their  origin  from  the  Northern 
Asiatic  stock.    But  the  increased  acquaintance  which  has  been  recently 

ained  with  the  tribes  that  people  the  northeastern  portion  of  the  American 
»ntineut,  has  clearly  shown  tnat  no  physical  separation  can  be  established 
between  the  Esquimaux  and  the  Indian  proper;  the  one  form  graduating  so 
insensibly  into  the  other,  as  to  make  the  distinction  between  the  two  groups 
there  as  difficult  as  on  the  western  side  it  is  easy.  Hence  the  existence  of 
the  Esquimaux  population  in  this  situation  affords  a  complete  link  of  tran- 
sition between  the  Asiatic  and  the  American  nations,  in  the  precise  region 
in  which  the  geographical  relations  of  the  two  continents  would  lead  us  to 
expect  it. 

856.  It  now  remains  for  us  to  notice  the  Oceanic  races  which  inhabit  the 
vast  series  of  islands  scattered  through  the  great  ocean  that  stretches  from 
Madagascar  to  Easter  Island.  There  is  no  part  of  the  world  which  affords  a 
greater  variety  of  local  conditions  than  this,  or  which  more  evidently  exhibits 
the  effects  of  physical  agencies  on  the  organization  of  the  human  body. 
Moreover,  it  affords  a  case  for  the  recognition  of  affinities  by  means  of  lan- 
guage, that  possesses  unusual  stability ;  since  the  insulated  position  of  the 
various  tribes  that  people  the  remote  spots  of  this  extensive  tract  prevents 
them  from  exercising  that  influence  upon  each  other's  forms  of  speech,  which 
is  to  be  observed  in  the  case  of  nations  united  by  local  proximity  or  by  fre- 
quent intercourse.  Tried  by  this  test,  it  is  found  that  the  different  groups  of 
people  inhabiting  the  greater  part  of  these  insular  regions,  although  so  widely 
scattered  and  so  diverse  in  physical  characters,  are  more  nearly  connected 
together  than  most  of  the  families  of  men  occupying  continuous  tracts  of 
land  on  the  great  continents  of  the  globe.  A  probable  explanation  of  this 
remarkable  affinity  has  been  afforded  by  the  careful  investigation  of  the 
Flora  and  Fauna  of  these  regions'  by  Dr.  Hooker  and  Mr.  Wallace ;  whose 
observations  furnish  strong  evidence  that  most  important  and  extensive  geo- 
logical changes  have  taken  place  since  the  islands  scattered  over  that  region 
have  been  peopled  by  their  existing  inhabitants.  The  western  and  eastern 
halves  of  the  Indian  archipelago,  the  former  containing  Sumatra  and  Bor- 
neo, the  latter  including  Celebes  and  New  Guinea,  are  separated  at  their 
nearest  approximation  by  the  Straits  of  Lombok,  which  are  no  more  than 
fifteen  miles  wide :  the  Fauna  of  the  former  is  essentially  Asiatic,  that  of  the 
latter  essentially  Australian ;  and  there  is  no  other  intermixture  between 


>  See  the  Introductory  Ei»8fty  to  tho  Flora  of  Now  Zealand,  by  Dr.  J.  D.  Hooker, 
1858,  and  h\»  Flora  of  Australia,  it^  Orifiin,  Affinities,  and  Dixtribution,  1859.  AUo 
Mr.  A.  R.  Wallace,  On  tho  Zoological  C4eoirraphy  of  the  Malay  Archipelago,  in  the 
PnKiecKlines  of  the  Linniuan  Society  for  November,  1859;  and  tho  review  of  these 
works  in  the  Medico-Chir.  Kev.  for  18t50,  vol.  xxv,  p.  371. 
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them  than  m^h  ti^  a  very  limited  migration  a^^ross  tlib  oarmw  cdaiiod  •E 
read  i  1  y  accou  n t  ^o r,  N o  vv  the  variou ^  po rt i oik^  of  the  I ti<i iii n  p roTbcv  t 
still  connected  by  a  vast  subniarhie  plain,  which  extend*  <*vcr  th<^  i*li  ' 
the  -Java  t^ea,  the  Btraits  of  Malacca,  the  Galf  of  Siani,  mml  the 
part  of  the  China  Sea,  at  a  depth  of  not  nione  than  three  hundn^l  fi^A^ 
ruptly  terminating  at  its  limits  in  an  unfathomable  oeetin.  An  ekvatiimaf 
the  &ea  bottom  tn  this  araouut,  therefore,  would  nenrly  di*yb!*?  the  <utcttlrf 

tropical  Asia;  and  there  h  every  prubability  thiit  the  en   *^ *•  'f4«  (te 

extended  t*efbre  that  last  great  elevation  of  the  voIcahic  r;  'avi  io^ 

Bnmatra  took  place,  which  (according  to  the  gi>neml  fact  hj>L  or  ^n^r^tiali 
notice  by  Mr.  Darwin,  of  an  alteration  of  bands  of  elevatJon  and  dr^mttki} 
was  coincident  with  the  subsidence  that  separated  th^t!*e  l-^hmdi^ 

oil  tire  one  ^ide.  and  from  the  eoiuinent  of  Af^ia  on  the  nther.     '  

hand,  the  great  Pacific  Ck^ntinent  of  which  New  Otnnea  ami  AkktUa^ia  •» 
doubtlea§  fragments,  and  which  (a§  Dr.  Hooker  hu^  renden^-fl  ftn^haHr  fc? 
botanical  c^.msiderations)  once  connected  Aiistralm  and  New  /'  ti 

80  nth  America,  seems  to  have  ex  tended  itself  as  far  westw.nrd  i?- 

cas*  and  its  submergence^  producing  the  limit4itii^a  and  m 

great  i^land§  of  the  i^outh  Sea,  seems  to  have  taken  place  h  4 

the  tropical  Asiatic  cotilinenl.     There  are  even  rndicntiori:?  thn^  ^ 

Indian  Continent  extended  90  near  to  what  is  now  the  coast  of  /.. 
the  I^le  of  Bourbon  and  the  Mauri  tins,  perhapt?  even  Mndag'aBcar, 
lying  jiortions  of  it;  and  if  the  t^ubmergence  which  formed  the  b»*d  nf 
present  Indian  Ocean  should  have  taken  place  snb?c*|ueDlly  to  the 
when  tht>se  couatrieH  hecunie  inliabited  by  Man,  we  have  a  > 
tioii  of  the  fact  which  has  perplexed  all  eibuologists,  and  \y  hy\ 

eis  of  migraiitm  can  scarcely  be  st.ret<fhe<1  far  enough  to  accuuiu  h^tt 
both  the  Fauna  atid  the  languages  of  Miidagascar  are  rather  Malnyo-l 
nei?ian  thau  African  in  their  fundamental  affinities, 

857,  The  inhabitants  of  Oceania  seem  divisible  into  two  principal  gmnpi, 
which  are  probably  to  be  reganled  as  having  t>oastiluted  distinct  m/yi  ffa* 
a  very  early  |>eriotl;  the^e  are  the  Malayt>-Polynestan  race,  and  the  N'lTrrili* 
or  Pelagian  Negroes.  The  MaIutj(hP*Jtjntifmn*^nmp  is  by  far  the  mow  «• 
tensive  of  the  two ;  and  cinnprehends  the  iuhaoitant^  of  the  gf«atcf  (lOJI  rf 
the  Indian  and  Polynesian  ArcliifjelagoeSj  with  the  penitinuta  *>f  Maia«> 
(which  isi  the  centre  of  the  Malavii  proper),  and  perhafiti  the  inhabitaoU  if 
Madagascar  These  are  all  closely  united  by  ailiutti«$  of  laoguaj^*  Tit 
pro|ier  Malays  bear  a  strong  general  reserablanctf  t4i  ihfr  Mongolian  raifti, 
and  this  resemblance  is  shared,  in  a  greater  or  ]em  degree,  by  mocl  of  tbi 
inhahitont^  of  the  Indian  Archipelago.  They  are  of  a  darker  complciiMii 
as  might  be  expcctetl  from  their  proximity  to  the  etjuator  ;  but  io  thin 
plexiou,  yeHow  is  still  a  large  ingredient.  The  Polyue^ian  !• 
group  presents  a  much  wider  diversity  ;  and  if  it  wen*  tvM  f  f 
nity  of  language,  it  might  be  thought  to  conj*ist  of  s*m  ^s  ^^^ 

from  each  other  as  from  the  Malayan  branch.     Thus  ti  uiOfl juhI 

qnesans  are  lall  and  well  made;  their  figures  combine  grace  aod  irifpvr; 
skulls  are  ngually  remarkably  symmetrical ;  and  their  phyiiiogiioiiiir  p«r 
much  of  the  Eurupejin  cast,  with  a  very  slight  admixture  of  the  ft^m 
the  Negro.     The  c^nnplexion,  especially  in  the  tltmalt^  of  the  higher  d 
who  are  sheltered  from  the  wind  and  sim.is  of  a  chtar  ulive  or  brui>etl#,«i» 

as  is  common  among  the  natives  of  Central  an«l  Southern  Eur^      *  ^ 

hair,  though  geuerally  black,  is  sometimes  browUt  or  anbnni,  <■  i  of 

flaxen,     Auioug  other  tribt^,  as  the  New  Zealandnrs,  and  thr    it.o^  $^ 
Friendly  Islanders,  there  are  greater  diversities  of  cim formal ioo  tmt  btie;| 
some  being  fiuely  proportioned  aud  vigorous,  others  compamtivitly  isiiwU  J 
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feeble;  some  being  of  a  copper-brown  color,  others  nearly  black,  others  olive, 
and  others  almost  white.  In  fact,  if  we  once  admit  a  strongly  marked  dif- 
ference in  complexion,  features,  hair,  and  general  configuration,  as  establish- 
ing a  claim  to  original  distinctness  of  origin,  we  must  admit  the  application 
of  this  hypothesis  to  almost  every  group  of  islands  in  the  Pacific, — an  idea, 
of  which  the  essential  community  of  language  seems  to  afiTord  a  sufficient 
refutation.  Among  the  inhabitants  of  Madagascar,  too,  all  of  which  speak 
dialects  of  the  same  language,  some  bear  a  strong  resemblance  to  the  Malayan 
type,  whilst  others  present  approaches  to  that  of  the  Negro. 

858.  The  Negrito  or  Pelagian  Negro  races  must  be  regarded  as  a  group 
altogether  distinct  from  the  preceding;  having  a  marked  diversity  of  lan- 
guage; and  presenting,  more  decidedly  than  any  of  the  Malayo- Polynesians, 
the  characters  of  the  Negro  type.  They  form  the  predominating  population 
of  New  Britain,  New  Ireland,  the  Louisiade  and  Solomon  Isles,  of  several  of 
the  New  Hebrides,  and  of  New  Caledonia;  and  they  seem  to  extend  west- 
wards into  the  mountainous  interior  of  the  Malayan  Peninsula,  and  into  the 
Andaman  Islands  in  the  Bay  of  Bengal.^  The  Tasmanians,  or  aborigines 
of  Van  Diemen's  Land,  who  are  now  almost  completely  exterminated,  un- 
doubtedly belonged  to  this  group.  Very  little  is  known  of  them,  except 
through  the  reports  of  the  people  of  Malayo-Polynesian  race  inhabiting  the 
same  islands;  but  it  appears  that,  generally  speaking,  they  have  a  very  in- 
ferior physical  development,  and  lead  a  savage  and  degraded  life.  There  is 
considerable  diversity  of  physical  characters  among  them ;  some  approxi- 
mating closely  in  hair,  complexion,  and  features,  to  the  Guinea  Coast 
Negroes;  whilst  others  are  of  yellower  tint,  straight  hair,  and  better  general 
development.  The  Papuans^  who  inhabit  the  northern  coast  of  New  Guinea 
and  some  adjacent  islands,  and  who  are  remarkable  for  their  large  bushy 
masses  of  half- woolly  hair,  have  been  supposed  to  constitute  a  distinct  race ; 
but  there  is  little  doubt  that  they  are  of  hybrid  descent,  between  the  Malays 
and  the  Pelagian  Negroes. — To  this  group  we  are  probably  to  refer  tfie 
Alfourotis,  or  Alforian  race,  which  are  considered  by  some  to  be  the  earliest 
inhabitants  of  the  greater  part  of  the  Malayan  Archipelago,  and  to  have 
been  supplanted  by  the  more  powerful  people  of  the  preceding  races,  who 
have  either  extirpated  them  altogether,  or  have  driven  them  from  the  coasts 
into  the  mountainous  and  desert  parts  of  the  interior.  They  are  yet  to  be 
found  in  the  central  parts  of  the  Moluccas  and  Philippines;  and  they  seem 
to  occupy  most  of  the  interior  and  southern  portion  of  New  Guinea,  where 
they  are  termed  Endamenes.  They  are  of  very  dark  complexion ;  but  their 
hair,  though  black  and  thick,  is  lank.  They  have  a  peculiarly  repulsive 
physiognomy ;  the  nose  is  flattened,  so  as  to  give  the  nostrils  an  almost 
transverse  position ;  the  cheek-bones  project ;  the  eyes  are  large,  the  teeth 
prominent,  the  lips  thick,  and  the  mouth  wide.  The  limbs  are  long,  slender, 
and  misshapen.  From  the  close  resemblance  in  physical  characters  between 
the  Endamenes  of  New  Guinea  and  the  aborigines  of  New  Holland,  and 

1  An  interesting  pRi>er,  On  the  Mincopie  Race  of  the  Andaman  Isles,  by  Professor 
Owen,  will  be  found  m  Iho  Tran«acti<»n8  of  the  Ethnological  Society  for  1863,  p.  84. 
They  appear  to  be  amongst  the  most  dei'raded  of  the  Human  species,  possessing  no 
notion  of  a  Supreme  Being,  nor  of  a  future  existonce,  nor  any  sense  of  decency  or 
ahame;  they  are  of  diminutive  size,  yet  the  cranium  is  well  formed,  of  an  oval  type, 
with  rather  receding  forehead,  and  they  are  skilful  in  making  knives  of  glass  and 
iron  cast  up  from  wrecks.  They  possess  considerable  powers  of  imitation,  and  are 
active  in  running,  climbing,  and  swimming.  They  are  not  cannibals.  Prof.  Owen 
concludes  that  they  are  the  aborigine;*  of  these  inlMuds,  but  remarks  that  antecedent 

fenerations  may  have  coexisted  with  the  slow  and  gradual  ge<»logical  changes  which 
ave  obliterated  the  place  or  continent  of  their  primitive  origin. 


1014 


OF  THE  BEANCBES  OF  THE  HUMAN  FAMILY. 


from  the  proximity  beuveeii  the  adjacent  eoaste  of  thase  two  ^-Iru.  i-,  ;     ..- 
be  surmised  that  the  latter  belong  to  the  Alforian  race;  but  t-n    '•       ^ 
km>wii  of  the  languai^e  of  either  to  give  thi?i  infereoce  a  FufficiLJit  - 
In  the  degradation  of  their  eonditioo  and  manner  of  life,  the  bav2iL:>  - 
HoihiDd  fully  eqtial  the  Rushmeu  of  Si>nth  Africa;  and  it  id  acarcet j  nwi- 
ble  to  imagine  human  beings  exiting  in  a  eonditiou  more  nmHy  roemblinf 
that  of  brines.     But  lhet*e  h  reason  to  believe*  that  the  tril^es  io  chisel  <r>&- 
tact  with  European  settlers  are  more  miserable  and  mvf^s'^  »^'  ''^  »»-—  -' i^- 
inlerior ;  and  even  with  respect  to  t!iese»  increasing  ao'j 
language,  and  a  consequent  Improved  ina^ight  imo  thtu    ui-im--  u  . 
t^ud  to  raise  the  verv  low  estimate  which  has  been  formed  and  lott. 
tained,  in  regard  to  tlieir  extreme  mental  degradation.     The  latest  au-j  uj  -: 
authentic  ^tatemeoti!  enable  u.^  to  reeogni^  among  them  the  same  priii'.n|il<s 
of  a  moral  and  intelleetual  nature,  which,  in  mone  cultivated  tnb«*.  ruitni- 
tute  the  highei^t  endowments  of  humanity?  and  thus  to  ^how  that  ibtt u^ 
Dot  separated  by  any  iropft.^able  barrier,  i'mm  the  most  civilized  and  tIvW.*4 
natitin^  of  the  globe, ^ — ^There  are  many  iudicationti,  indeed^  that  tht*  ^tpiu 
race  is  not  so  radically  distinct  from  the  MalaytHpoiynesiati,  a.*  iht  niirke<j 
physical  dissimilarity  of  their  respective  types,  and  tlnr  appan^nt  want  of  c*q- 
iormiiy  between  their  languages,  wonUi  make  it  a[>f>ear.     Fc^r  a.**  on  tlit^vw 
hand,  some  of  the  subdivisions  of  the  latter  present  a  decided  ti  tjilr:  i  u^ 
wards  that  prognathous  character  and  depth  of  complexion  whirl  4'! 

of  tlie  former,  so  among  the  former  do  we  not  unfrequently  i 

lighter  shade  of  skin,  a  greater  symmetry  of  skull,  and  a  con?!  r 

pnjvement  in  form  and  feature.  And  although  no  very  clo^  tvamu-ijip 
can  be  discovered  between  the  Negrito  and  Blalayy-Pi»lyne*iao  lauiniif*^, 
yet  it  has  been  pointed  out  by  Mr.  Norris  that  a  much  n^^  '  '4  itlt- 
tionahip  exists  between  the  Australian  and  Tamutiao  (§  >*  vtmtM 

as  this  couoection  seems,  the  circumstance  adds  weight  to  tbt^  iiii.u,  ibtltbi 
native  Austmlians  (with  other  Negritu  tribes)  are  an  otlket  iVym  tlijit  wiltk* 
eru  branch  of  the  great  nomadic  stock  of  Central  A.^ia,  which  M^vnutrndT 
to  have  spread  itself  through  the  Indo-Chinef*p  and  the  Indinn  Pi-nTO^!ij> 
and  to  have  even  there  shown  an  approximation  to  the  pri\L 

80iJ.  Lookiug,  then,  to  the  great  diversity  which  exist.*  m:  ^ 

din  ate  groups  of  which  both  these  divisions  crm^ist,  and  their  "* 

mutual  approximation,  it  cannot  be  shown  that  any  sufficient  r  * 

for  is^olutmg  them  fnnD  each  other;  and,  as  already  remarked  ( 
&eem#  no  medium  between  the  supposition  that  eaeli  island  had  it 
pair  or  pairs,  and  the  doctrine  that  the  whole  of  Oceania  ha>*  brn  p    j  I'd 
from  a  common  stock.     Looking,  again,  to  the  Terv  decided  af-p     vm  '•  i"^ 
whirh  is  prt?^nted  by  certain  Oceanic  tribes  to  the  ^^fongolian  tyr      u  1      • 
in  Inealitics  which,  on  other  gronnds,  might  be  rcgard«-d  w  bav 
the  tirst  stream  of  migration,  the  possibility,  to  my  the  h-a^t,  * 
be  denied,  that  the  tfiain  land  furnished  the  original'  st"- 
gone  various  transformations  eubsenueutly  to  iis  first  di 
iug  been  the  result  of  climatic  influence  and  mode  of  I 
chierty  iutiueaced  as  to  degree  by  the  length  of  time  dih 
forming  causes  have  been  in  operation.     At  any  rate,  it  may  he  ateij 
affirmed,  that  the  Oceanic  races  are  not  entitleil  by  any  distinctive  jihvsml 
peculiarity,  to  rank  as  a  group  which  must  have  nece»danly  had  mn  tirigtoal 
stock  distinct  from  that  of  the  Cnntiuental  natiouM. 
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CHAPTER   XX. 

OP  THE  MODES  OF  VITAL  ACTIVITY  CHARACTERISTIC  OF 
DIFFERENT   AGES. 

860.  Although  from  the  time  when  the  Human  being  comes  into  the 
world,  to  the  final  cessation  of  his  corporeal  existence,  the  various  functional 
operations  of  Organic  life  are  carried  on  with  ceaseless  activity,  whilst  those 
of  Animal  life  are  only  suspended  by  the  intervals  of  repose  which  are 
Deeded  for  the  renovation  of  their  organs,  yet  there  are  very  marked  differ- 
ences, not  only  in  the  degree  of  tlieir  united  activity,  but  also  in  the  relative 
degrees  of  energy  which  they  severally  manifest,  at  different  epochs.     These 
dinerences,  taken  in  connection  with  the  modifications  in  the  size  and  con- 
formation of  the  body  with  which  they  are  in  relation,  mark  out  the  whole 
term  of  life  into  the  various  "  Ages,"  which  are  commonly  recognized  as 
seven — namely.  Infancy,  Childhood,  Youth,  Adolescence,  Manhood,  De- 
cline, and  Senility.     For  Physiological  purposes,  however,  a  less  minute 
subdivision  is  equally  or  perhaps  more  appropriate;   namely,  the  three 
ffreat  periods  of  Growth  ana  Development,  of  Maturity,  and  of  Decline.     The 
first  comprehends  the  whole  of  that  series  of  operations,  by  which  the  germ 
evolves  itself  at  the  expense  of  the  nutriment  which  it  appropriates  from 
external  sources,  into  the  complete  organism,  possessed  not  merely  of  its  full 
dimensions,  but  of  its  highest  capacity  for  every  kind  of  functional  activity  ; 
this  includes,  therefore,  the  epochs  of  Embryonic  life.  Infancy,  Childhood, 
Youth,  and  Adolescence,  all  of  which  are  characterized  by  an  excess  of  the 
eondrucHve  over  the  destructive  changes  taking  place  in  the  organism.     The 
second  period  ranges  over  the  whole  term  of  Manhood,  in  which  the  organ- 
ism, having  attained  its  complete  development,  is  brought  into  vigorous  and 
sustained  activity ;  and  in  which  it  is  maintained  in  a  condition  fittt^l  for 
such  activity,  by  the  equilibrium  which  subsists  between  the  operations  of 
redintegration  and  of  disintegration.     The  third  i)eriod  commences  with  the 
incipient  failure  of  the  bodily  powers,  consequent  upon  the  diminished  ac- 
tivity of  the  constrxietive  powers,  as  compared  with  that  of  the  changes  which 
involve  degeneration  and  decay;  this  diminution  begins  to  manifest  itself 
during  the  latter  part  of  Middle  Life,  before  Old  Age  can  proi>erly  be  said 
to  commence ;  and  it  continues  in  an  increasing  ratio  through  the  whole 
"decline  of  life,"  until  the  reparative  powers  being  exhausted,  Death  super- 
venes as  the  necessary  termination  of  that  long  succession  of  phenomena 
of  which  Life  consists. 

861.  Although  the  organization  of  the  body  at  each  epoch  may  be  truly 
said  to  be  the  resultant  of  all  the  material  changes  which  it  has  undergone 
during  the  preceding  periods,  yet  it  is  scarcely  possible  to  take  an  enlarged 
view  of  the  case,  without  perceiving  that  we  must  look  for  the  cause  of  this 
succession  in  those  dynamical  conditions,  the  presence  of  which  is  the  distin- 
guishing attribute  of  living  structures.  Every  constructive  act,  whether  this 
consist  in  Growth  (§  331)  or  in  Development  (§  332),  not  merely  requires 
materials  for  the  new  tissue  produced,  but  depends  upon  the  active  oj)eration 
of  a  formative  power,  without  whose  agency  these  materials  would  remain 
unorganized.  In  our  examination  into  the  source  of  the  formative  power 
which  we  see  thus  operating  in  every  individual  organism  (chap,  i),  we 
found  it  traceable  to  the  Physical  Forces  to  which  it  is  subjected  (Heat  being 
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the  one  nhtch  seems  to  bear  mmt  directly  upon  the  fdrtiim|ifeopcn.t>ia»,i; 
these  forces  bcbg  meta  morphnz^d^  so  to  ^pe&k^  ioto  the  eomlnieltvte  btm  d 
the  Hvirig  b<Kly,  in  virtue  of  the  peculiar  endowments  fjf  t^  materiilid^ 
stmtuDi, — just  ajs  au  Elecirir  current  transmitted  through  the  dtimBtMitii 
of  Bense^  produces  the  seusurv  impressions  which  are  chaimcfertttie  of  fi<i 
respectively  (§  ^92);  or  as  the  same  current,  transmitted  thnyugh  ooi  turn 
of  Inorgaulo  matter^  produces  Light  and  Heat,  thTongh  another,  CbenM 
Change^  or  through  another.  Magnetism.  But  we  must  ako  rF-'^-^ETibe  k  Ike 
Organism  at  large,  m  well  as  in  every  integral  part  of  i|  rtrtati 

c/i/maVy  for  growth  and  development — ^w Filch  is  the  origiiiii     t^^^snd 

its  ^^nA— wbich  not  only  determines  the  mode  in  whicJi  it  shall  prt^jqi>ttd>y 
evolve  itself  into  the  fabric  characteristic  of  iti  sptecies^  and  ses,  busw 
shapes  the  peculiarities  of  the  individual,— which  serv*^  also  lo  briof  afa«^ 
the  perpetual  reconstruction  that  is  needeil  for  its  continued  BimftUMMC, 
and  is  peculiarly  manifested  in  those  reparative  protMis?c*  which  tDtkeyi^l 
lo^es  of  its  substance  ra*uUing  from  injury  or  diaeaae» — n  '  ^  iiieitli 
ces^tiou,  by  preventing  any  further  metamorphoeid  of  Rk  *  Villi 

force,  caus^  the  constructive  powers  to  feil  altogeti^eT,  m\  tha;  Uk  MrfpftaiB 
is  resolved  baek  by  tbe§e  very  forces  into  the  \iiririus  fonxi«  of  IiKprjiae 
matter  at  the  expense  of  which  it  had  been  built  up, 

8t>2,  Now  this  *' germinal  capacity*'  is  most  strikinglr  dkplajrtti  ditfii| 
those  earliest  periock  of  existence,  in  which  growth  ni  poicaliiki 

are  taking  place  moat  rapidly;  in  fact, the  further  wp  g  n  tht Uftorf 

of  intmuterine  life,  the  more  energetic  do  we  perceive  its  maiiifaifiitiaBi  to 
be.  For  when  we  look  simply  at  the  Uiereftue  fmm  the  minute  pniatlte 
constitutes  the  first  perceptible  germ,  to  the  mature  foMus  of  6  or  i  pl«iA 
weight,  we  see  that  at  no  other  period  of  existence  can  that  !»'  r*-,^.  L.  .^^.«||«^ 
pared  in  its  rate,  with  that  which  presents  it^lf  dnritig  '^ 

that  follow  conception;  and  if  we  go  more  into  d^'*/^    -  i»  idl 

more  remarkable  in  the  earlier  than  in  the  later  ti  vi^fii 

itieinthefirst  few  weeks  of  embryonic  life^  that  me  i<*ynaauun  \%  MMll 
mo^t  of  its  permanent  or^am,  in  the  midst  of  an  mppmrmtlf  liofMStoeMi 
mass  of  cells;  whilst  in  the  succeeding  weeks,  the«e  nidiioeials  are  etolvd 
into  the  ambiance  of  the  forms  they  are  tubsequentJy  to  present,  and  t  ifi^ 
ferentiatiou  of  tfimiteM  b€gifis  to  show  itself  in  their  seYeral  partB;  lotliil 
the  developmental  proceed  is  so  far  advanced  at  liute  more  than  batf  tk 
term  of  gc^taiion,  that  the  la^ius  may  even  then,  under  faforabl^  dw»^ 
stances,  maintain  an  independent  e:3cistence  (^  704)*  The  nit«  of  tMfBiB 
becomes  progressively  slower  during  the  advance  from  infancy  to  tmuantyi 
and  the  energy  of  the  developmetiial  pn>eeas  id  comparatiTtdy 
being  limited  to  the  perfecting  of  strueturei  whoee  fouj)dataaii»  bad 
previously  laid,  and  in  no  instance  mauifesting  itself  nonnmlly  in  lht< 
tion  of  a  new  part  or  organ*  Now  as  there  is  nu  limit  i  in  the  w«n*nouri«be' 
individual)  to  the  supply  of  Food  and  Warmth,  it  full  ''  *  iUi|rfiidiiil 
decline  of  formative  activity  must  be  due  t^j  a  diminiit  mpidtifht 

that  activity,  inherent  in  the  organism  itself;  and  thh  uimitiulioii  iiiftB 
more  strouglv  marked  by  that  entire  eeasatioti,  both  of  men«Ap,  moA  d 
further  deveWi mental  changes,  which  *      ^  '  ^       ^         *  ^!m» 

finjt  periwl.     For  ihe  organism  which  Ik  *t- 

euce,  has  solar  lost  the  formative  capacity  >%liiih  iiiiMiniienArii  4i»  t^(i»«t 
jear^,  that,  however  copiou>«  the  supply  uf  IbrHJ,  however  abutidiuit  tbefM" 
>,ariiliou  of  heat,  it  can  thenceforth  do  nu  more  tJiaii  inainrvtii  iu  Dorat) 
condition^  and  can  efiect  this  for  only  a  limited  term  nf  vt*ari^.  It  ^e^osA  a 
necessary  ^qnencc  of  this  fieriea  of  phenomena,  thai  ll  j^ 

whea,  atler  a  period  of  gmduai  decline,  die  germtoal  CU|_^.,_.  ,,,  ,^-  -ti*^ 
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bm  should  be  so  much  reduced  as  no  longer  to  suffice  for  the  maintenance 
of  its  own  int^rity ;  and  whenever  such  is  the  case,  the  termination  of  its 
existence  as  a  living  body  must  be  the  necessary  result.  Hence  we  find  that 
there  is  a  natural  limit,  not  only  to  the  size  and  development  of  the  organ- ' 
ism,  but  also  to  the  duration  of  its  life.  And  although  that  limit  in  each 
case  is  subject  to  variation  amongst  individuals,  partly  in  consequence  of 
diversity  of  external  conditions,  but  partly  (it  may  be  surmised)  through 
differences  in  the  measure  of  germinal  capacity  possessed  by  each,  yet  there 
18  a  limit  also  to  these  variations,  so  that  the  character  of  the  species  is  never 
departed  from. 

863.  Period  of  Orowth  and  Development. — ^The  general  history  of  the  first 
part  of  this  period,  that  of  Embryonic  existence,  has  already  been  so  fully 
given,  that  it  is  only  necessary  here  to  remark  briefly  in  regard  to  the  char- 
acter of  its  vital  operations,  that  the  whole  uisus  of  its  activity  is  directed 
rather  to  the  performance  of  the  vegetative  or  orgastic  than  to  that  of  the  ani- 
fnal  functions ;  the  action  of  the  heart,  and  the  occasional  reflex  movements 
of  the  limbs,  being  its  only  manifestations  of  nervo-muscular  power.  And 
thus  it  seems  to  be  that  the  formative  capacity  is  greater  during  embryonic 
life,  than  at  any  subsequent  period,  and  greater  in  its  earlier  than  in  its 
later  stages;  so  that  we  have  not  only  evidence  of  an  extraordinary  power 
of  regenerating  parts  which  have  been  lost  by  disease  or  accident,  as  seen  in 
attempts  at  the  reproduction  of  entire  limbs  afler  that  ''spontaneous  ampu- 
tation" (§  361);  but  there  is  also  not  unfrequently  an  absolute  excess  of  pro- 
ductive power,  as  shown  in  the  development  of  supernumerary  organs,  which 
may  even  proceed  to  the  extent  of  the  complete  duplication  of  the  entire 
body,  by  the  early  subdivision  of  the  embryonic  structure  into  two  inde- 
pendent halves  (§  357). — It  is  to  be  noticed,  also,  that  the  embryo  derives 
Its  supply  not  merely  of  food,  but  alsoof  Aeaf,  from  its  maternal  parent;  and 
it  is  probably  owing  especially  to  the  constancy  with  which  this  force  op- 
erates, that  the  period  of  embryonic  development  is  so  uniform  in  Man  (as 
in  warm-blooded  Animals  generally),  by  comparison  with  the  corresponding 
developmental  periods  in  Plants  and  cold-bloode<l  Animals,  these  being  en- 
tirely determined  by  the  degree  of  heat  to  which  the  embryos  are  subjected. 

864.  It  is  frequently  of  great  importance,  both  to  the  Practitioner  and  to 
the  Medical  Jurist,  to  be  able  to  determine  the  age  of  a  Foetus  from  the 
physical  characters  which  it  presents;  and  the  following  table  has  been 
framed  by  Devergie*  in  order  to  facilitate  such  determiuation.  It  is  to  be 
remarked,  however,  that  the  absolute  kngth  and  weight  of  the  Embryo  are 
much  less  safe  criteria  than  its  degree  of  development^  as  indicated  by  the 
relative  evolution  of  the  several  parts  which  make  their  appearance  succes- 
sively. Thus  it  is  very  possible  for  one  child  born  at  the  full  time  to  weigh 
leas  than  another  born  at  8  or  even  at  7  months;  its  length,  too,  may  be  in- 
ferior; and  even  the  position  of  the  middle  point  of  the  body  is  not,  taken 
alone,  a  safe  criterion,  since  it  is  liable  to  variation  in  individuals.^ 

Embryo  three  iofwir  weeks. — It  has  tho  form  of  a  serpent;  its  length  from  8  to  5 
lines  I  \U  head  indicated  by  a  swelling ;  its  caudal  extremity  (in  which  is  seen  a  white 
line,  indicating  the  continuation  of  the  medulla  spinalis)  slender,  and  terminating  in 
the  iimbilicMl  cord  ;  the  mouth  indicated  by  a  cleft,  the  eyes  by  two  black  points; 
members  begin  to  appear  as  nipple-like  protuberances ;  liver  occupies  the  whole  ab- 
domen ;  the  bladder  is  very  large  ;  the  chorion  is  villous,  but  its  villosities  are  still 
diifused  over  the  whole  surface. 

Embryo  of  six  weeks. — Its  length  from  7  to  10  lines ;  its  weight  from  40  to  75  grains ; 


*  Medecine  Legale,  Shme.  edit.,  tom.  i,  p.  270. 

■  See,  on  this  luht  point,  Moreau  in  Lancette  Fran9aise,  1837;  and  Dr.  A.  Taylor 
in  Guy's  Hospital  Keports,  1842. 
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f*c©  tTistinct  frrim  crftnium  \  aprlur*  of  nofie.  mouth  t  '^yes^  and  enr-  H 

difflitict  fn»m  t}i*>riii ;  hunds  tind  for*mrm«  in  tlie  tiiitidle  of  thr  w 

imct;  ie|f*  find  fe«t  situiUed  near  the  nniis;  eUvide  and  m  a 
point  *jf  PSjUlcHlinni  dbtinct  umbUrciia  fof  iiKJtclmii^nt  *>r  ' 

e<m^i?^ts  (if  the  cmiphiila-mi*siirflic  t<*^p«?1s,  of  n  pinion  of  f  hf  t 

intPfliniil  lubt^^  and  of  fi1«Tnprits  which  represent  the  umbih  ^4 

JwjrinR  lo  l»0  fornipd^  tho  cht^rion  still  fepAruti^^d  from  tht*  i) 
Te^iL'le  vury  Urge, 

Kmhtyi,  u/iwii  mwfff A*.— Length  from  1*1  to  19  lino*  ;  wnight  from  I6O10  ROAffilt*; 

eUH>ws  »nd  arms  delMCbed  from  the  trunk  ;  he«*U  unci  krte^^  >.  u 

of  th^  nojic  und  of  th*  Hp«  ;  palp^^brnl  circle  beginning  to  sbcv  « 

i4|ip*iri'nt ;  Hnus  niftrked  by  a  dflrk  spot ;  rndiment*  of  '  il 

cttpeiilf.^s  ;  ciftNTum  ptwt^d  behind  tbe  nrabilicus;  diic*^ti  ^  ^t 

nbdomon:  iimchus  vi&ibii?;  o^ti^om  points  In  ihu  frontnl  1  a 

convnjendng  to  touch  the  amnion  ftt  the  point  opposite  ?  ^| 
plHrrnltt  bpi^iris  lo  Rg^unie  its  reguirtr  form  ;  onibilienl  %'    ■ 

Emffjyo  of  thrre  months, — L^Ti^th  from  2  to  2 J  inch**s  ;   isv^ii^hi  trinji  t 

(Troy)  j  head  voluminuus  ;  eyelids  In  contuct  by  tbeir  frp**  mMfwin  :  m-  1- 

laris  visibbs  niuiitb  chiaeii ;    fingem  cornpbHi^iy  »«?pHr!i  i 

greniiT  length  thnti  rmiimrntrtry  tnil ;  ditoris  und  per  U 

nsfiiiprHn^iial  ciijisuleaprc#-ent;  rjietnm  pliKvd  htiow  ih«*  umrm.rN^  -^ 

eertWlbim  4  lim's,  TTS*H|ulh^  obbtn^jntii   Ij  line^  and   mti<Jtilbt  npir  .a 

diftiot^ttT-  two  ventritlef  of  he«rt  diptirift;  tbf  dt^cidtin  refl"^'  >* 

in  t?ontuft;  funis  containa  unibilicMl  vet^sok  and  h  littln  of  t;  i; 

plhei'MtH  uomplelely  isolHttKl;  umhiticnl  vcsiiihs  t»llHntc>l*,  iiriii  »»- 
lels  bllVf^  disappeared. 

Ffi:tuA  0/  /out'  m*mihM. — Length  5    to   0  inches;  weight  2  J  t»*  H  oh*  •k!fi,  TWf, 

lolerHbly  dense  j  moutb  verr  J^rge  and  opt^n  j  nii>fiibrMihfi  1  '» 

nulls  bt*gin  to  app<*ar ;  genital  organ*  wnd  b^%  di^trnct  j  ch?cm  fil 
kidney  f  galUbbufd^T  »pf»*Miring  ;  mwoniom  in  diifHlenuni ;  t-^ 
bilicu!*  plMcei!  newr  pubis- ;  oi?-sieubi  auiiitt.»rirt  o«iiitt<'d  ;  p»irit*  "*    . 

partof  iiacriJtii ;   meuibram*  fopniing  at  point  of  ingestion  of  pltitJLi.^.  ^.. ,       .*- 

pleie  conlaciof  ebtfHon  wiib  nmnion* 

Ffrbt»  r4  fv^  »io»Mj* — ^Lcuj^th  6  to  7  inches;  wi*iiiht  b  \o  1  OJs.  ;  Tobim*-  t\f  hal 

still  eomparatively  gri'tU  j  nail»  very  diMinct;  hair  beginning  to  app^  ^* 

out  M'bai-eoufi  eov**fing;  wbitfl  suliSlHDce  in  cereboHom  ;  benrl  »th1  r; 

^oluminuus;  a^oum  Jiiiti>Kt^d  at  interior  part  of  right  kidtK*y  ;  g-  '; 

gtrms  of  permanent  Ut*th  uppear;  poinu  of  oss  ill  cation  in  piil  fuj 

^mveunitim  bus  u  yollowisih'grt^en  lint,  and  oecMpios  ccmihK^ncuim  i>  -■'*- 

*     b\riu»uf  itix  nifiuthn,  —  Length  9  to  10  ^neh*"-;   w^'Sgltt  I   lb  ;  >* 

"ftppeurance  of  fibrous  structure;  pyelid*  !«till  agiilutinnteii,  fin-«    •►■  rn 

reiiiiiiu*;  saecuM  begin  lo  appear 'in  colon  j  funij^  inserted  n  ^^ 

of  u  purplii*b    rfd  ;    hair  white  or  silvery;   K*baceou*>  cov*  -  "I 

itself;  tneoonium  m  large  iniestine;    Iher  tJafk-rud  ;   gmlJ-blnd.  a 

fluid  d^tiltite  of  bitlernefrf^^  \^h\m  nvar  ki«luevti;  poinU  of  ^  if 
divisions  of  stwrniim  ;  middle  p^nnt  at  lower  end  of  fttt*rniim» 

Fafu9  0/  *n»rrt  nioi»fA4»,— Length  IS  to  16  inebc«  ;  WPight  8  to  4  !Im.  ;  aldo  <>r  W»T 
hi*«,  thick  Hnd  Mbrous;  *ebftt.%HJu»  covering  heeins  to  appear;  nni!     *         '  "    '  ^^^^ 

exiri*iiiii»e&  nf  firigcrB;  eyelids    no   longer  iSberent ;    nj*'mbraii  p- 

peiiring;   a  point  of  o&Mitientiou  in  the  »*iragBlns;    nuacouium  *■  H 

whtitc'iif  hirgc  inlti*tinej    vmIvuIik  conn i%'irn lee  begin  U*  Hi*peiir  n 

right  iliac  tohm\  left  lobe  of  liver  almo«t  aa  large  as  right;  gn  iii 
biie;  brain  posseases  more  conmtency  ;  to»tk!cs#  more  dj (tan t  ffoiu  k\4i%^^*\  mhWto 
poiut  at  a  little  below  imd  of  fiternum. 

Fa-fun  t\f  tight  monMa.*^Irengtb  14  lo  10  inebrf ;  weijcbt  4  or  h  \\m 
with  well-marked  aebacMJUa  envelope;    rjaili    roach   eitremitifli  of   ' 
braim  pupillans  becc^meft  invi^ibln  duHnjr  this  nn»nih  ;  :i  '     ' 

v*'rlr(»nt  f>f  eaiTum  ;  cartilage  of  iufefior  extremity  of 

o^^itjcaiion  ;   brain   ha*   so  mo   indit^ationi^   of  convoluc  ..„  .., 

inguinal  ring  ;  middle  point  nf*arer  the  iiinhlltciJH  than 

Fftht^  uf  ninf  wmtfh*,  the  fuU  ^*f7*m.^ Length  from  17  *  fv*m\ 

to  ^  Iba.,  tbo  average  probably  ahoUl  «J  lb*,  ;  he*d  (>ov«r. 
ituantityt  of  from  0  I**  12  line*  in  length  ;  skin  cov»'n^,l 

daHy  at  bends  of  joints  ;  membrana  ptipilbrig  no  lt*ngc:r  txtat.*. .  rj 

ineattis  ttlll   ear tihigi nous;    four   ])orib>nR   of  o**eipttal    bom*    p  m 
hyoide*  not  yet  m&itled;  point  of  ostsifijjation  in  llie  ce&iro  of  cartiUigL^  hi  -   ♦  r« 
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tremity  of  femur;  white  and  gray  subsUnres  of  brain  become  distinct;  liver  de- 
scends to  umbilicus;  testes  have  passed  inguinal  ring,  and  are  frequently  found 
In  the  scrotum;  meconium  at  termination  of  large  intestine;  middle  point  of  body 
at  umbilicus,  or  a  little  below  it. 

865.  From  the  time  of  its  entrance  into  the  world,  tte  condition  of  the 
Human  infant  is  essentially  changed.  It  is  no  longer  supplied  with  nutri- 
ment by  the  direct  transmission  of  organizable  materials  from  the  circulat- 
ing fluid  of  the  mother  to  its  own ;  but  obtains  it  by  the  processes  of  diges- 
tion, absorption,  and  assimilation,  which  involve  the  establishment  of  new 
modes  of  vital  activity  in  its  own  organism.  In  order,  however,  that  the 
change  may  not  be  too  sudden,  the  nutriment  provided  by  Nature  for  the 
early  period  of  infantile  life,  is  such  as  to  occasion  the  least  possible  demand 
upon  Its  vital  powers  for  the  preparation  of  the  organizable  material  which 
is  required  for  its  further  growth  and  development.  But  the  transition  is  a 
most  important  one  in  another  particular ;  the  infant  is  now  thrown  in  a 
great  decree  upon  its  own  resources  for  the  generation  of  its  Heat ;  and  this 
It  is  enabled  to  accomplish  by  the  combustion  of  a  portion  of  its  food,  which 
is  specially  provided  for  the  purpose,  this  combustion  being  promoted  by  the 
arrangements  for  that  active  Respiration,  which  now  supersedes  the  very 
limited  aeration  of  its  circulating  fluids  that  was  sufficient  during  foetal  life. 
In  the  movements  of  the  respiratory  muscles  and  of  the  walls  of  the  ali- 
mentary canal,  we  have  a  new  source  of  expenditure  of  vital  force,  and  of 
destruction  of  tissue ;  and  this  expenditure  is  progressively  augmented  as 
the  motions  of  the  body  and  limbs  become  increasingly  active.  Thus  we 
find  that  the  formative  powers  are  not  exercised  during  Infancy  and  Child- 
hood, solely  in  the  construction  and  augmentation  of  the  fabric  (as  they  were 
during  embryonic  life),  since  there  is  a  constant  demand  upon  them  for  its 
maintenance;  and  this  demand  becomes  greater  and  greater,  in  proportion 
to  the  activity  of  the  Animal  powers.  These,  at  first  called  into  exercise  by 
the  stimulus  of  sensory  impressions  upon  the  Nervous  system,  are  speedily 
brought  into  very  energetic  operation.  This  operation  is  of  an  extreiaely 
limited  character,  being  at  nrst  purely  sensorial,  and  for  some  time  after- 
wards simply  perceptive.  But  the  whole  Mind  (such  as  it  is)  being  given  up 
to  it,  habits  of  observation  are  formed,  which  are  never  subsequently  lost ;  the 
infant  learns  how  to  use  his  Organs  of  Sense ;  and  he  also  acquires  those 
powers  of  interpreting  their  indications,  which  become  so  completely  ingrafled 
into  his  nature,  as  henceforth  to  seem  a  part  of  it.  Although  this  Education 
of  the  Senses  will  necessarily  go  on,  even  without  any  intentional  assistance 
on  the  part  of  others,  yet  it  is  in  the  power  of  the  Mother  or  Nurse  to  pro- 
mote it  effectually,  by  supplying  objects  of  various  kinds  which  the  Infant 
may  look  at  and  grasp,  and  by  not  abruptly  interfering  (by  the  too  speedy 
withdrawal  of  such  objects)  with  the  process  by  which  the  visual  and  tactile 
perceptions  are  blended  and  harmonized  (§  619). — The  Nervous  system  of 
the  Infant,  although  thus  called  into  extraordinarily  energetic  activity,  can- 
not long  sustain  that  activity ;  a  very  large  measure  of  Sleep  is  required  for 
the  restoration  of  its  speedily  exhausted  powers,  and  any  unusual  excite- 
ment of  them  tends  to  injurious  disturbances  of  its  nutrition.  It  is  owing 
to  this  peculiar  susceptibility  of  the  Nervous  system  of  the  infant  to  external 
influences,  that  medicines  (especially  narcotics)  which  exert  a  special  influ- 
ence upon  that  system,  are  so  peculiarly  potent  in  their  effects  at  this  period 
of  life,  that  the  greatest  caution  is  needed  in  their  administration. 

866.  The  most  important  developmental  change  which  occurs  in  Infancy, 
after  the  complete  establishment  of  the  extrauterine  circulation  (§  783),  is 
the  completion  and  eruption  of  the  first  jfet  of  teeth ;  the  greater  part  of 
whose  formation,  however,  has  taken  place  before  birth.     These  "milk"  or 
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** deciduous"  teeth,  20  in  number^  usually  make  their  Appeanyice  in  tk 

rollowicg  order;  The  four  central  lucisor^  fin^  preseut  them^el^ei,  amllr 

about  the  7th  month  after  birth,  but  frequeutly  ruueh  earlier  or  lulcf ;  tloMC 

of  the  lower  jaw  appear  6f^L     The  lateral  InciMtrB  next  diow  tiittOsttfR* 

those  of  the  lower  jaw  comiug  through  before  those  of  the  upi^f ;  tity 

u?iually  make  their  appearan*^  between  the  7th  auJ  10th  oiontKs      Ift.Tt 

&h  o  rt  in  le  r  val ,  th  e  a  o  te  ri  o  r  M  ol  a  re  p  reae  d  t  th  emsel  ye§^  geJie  mil  r 

the  terrnmatioD  of  the  12th  month;  and  the^^e  are  followe<l  by 

wbich  usually  protrude  themselves  between  the  14th  and  2Hth  n  ** 

posterior  Molars  are  the  last,  and  the  most  unoertmin  in  r<'gwrci 

of  uppeamnce ;  this  varying  from  the  18th  to  the  ^^tJth  nionth. 

to  all  except  the  front  teeth,  there  is  no  sfcttled  rule  as  to  thi-  p 

|>ea ranee  of  those  iu  the  upper  or  under  jaw  ;  sometimes  fine  j 

&ometime^  the  other;  but  in  general  it  may  be  staU^d,  tliai   . 

tnakes  it^  appearance  the  other  cannot  be  far  oW.     The  ^tih    ! 

regard  to  the  two  aides ,  in  which  development  due:^  :i  *    ,. 

exactly  pan  pamtL — The  period  of  Dentition  is  r^ometniM  - 

able  risk  t^j  the  Infantas  life,  and  this  aspect  ally  wh^n  an 

the  nervous  siys^tem  has  been  brought  about  by  unsuitable  f  ^ 

air,  or  some  other  c^use  of  disordered  health.     In  sudi  cvi-i 

npon  the  nerves  of  the  gum^  which  necessarily  precedes  th*  *- 

sac  and  the  eruption  of  the  tooth,  is  a  fruitful  source  of  irrit 

disturbance  of  the  whole  system,  and  giving  origin  to  Cim,.*^r..,.  »,►..  m,** 

which  are  not  unfrequently  fatal.     These  have  Ix^n  parucularly  sludiHl  hi 

Dr.  M.  Hall,  who  recommends  the  free  use  of  the  i^uni-lancct^  a*  a  mri*i  m* 

porlant  means  of  preventioti  antl  cure;  but  the  Author  haj?  no  doubt  dijil 

too  mtich  attention  has  been  given  to  the  immediate  siourcc  of  it. 

and  too  little  to  the  general  state  of  the  system  ;  and  that  «■ 

treatment,  especially  change  of  air^  and  improvement  of  th'    i- 

damental  importance.    In  infants  whose  general  health  is  ^mu!. 

not  overfedj  Dentition  is  usually  a  source  of  but  very  trifling  <t 

a  slight  febrile  action,  lastitjg  only  for  a  day  or  two»  Iwing  alt 

tlie  passage  of  the  tooth  through  the  c^pule,  and  its  eru} 

gum  takinfj  place  Without  the  least  indication  of  sitffcnng  oi 

existing  malady  or  abuormal  teudency*  huw<iver,  is  pretty  §un?  to  be^^ignr 

vated  during  t&e  '*  cutting  of  the  teeth  ;**  and  it  is  therefor*  ^r  t?u.  »rn.i;eit 

consequence  that  the  infant  should  be  withdrawn  during  tJi  all 

injurious  influences  j  and  that  no  irregularity  of  diet,  or  dtLin.ivuA;  vi  ..*ak 

air  and  exercise^  should  operate  to  its  disadvantage. 

**67.  Although  there  are  no  well*markeil  divisions  between  the  periiMfanf 
Childhood,  Youth,  and  Adole»cence»  through  all  of  which  wc  wimov  tht 


if 


contiouauce  of  the  proeeS'Ses  of  Growth  and   !>■ 

graduallv-decreasing  ratio),  yet  we  may  appropri 

the  epoc)i  of  one  of  those  important  changes  which  i^Lud  : 

pletion  of  the  fabric;  namely,  Chihihrnti  as  ranging  thri 

part  of  the  period  of  the  second  Dentition,^  I'ow/A  a>i 

increased  evolution  of  the  sexual  organs,  and  bv  tho^r 

changes  accompanying  that  evolution,  which u\' 

ami  Adoiacenee  m  distinguished  by  tliat  entity 

skeleton,  which  is  not  completed  until  the  full  stature  has  been 

wdl  be  convenient  first  Ui  consider  what  is  common  to  all  ih*^^ -*■ 

then  to  notice  the  features  by  which  they  are  se  vera  I  ly  chi* 

SGS,  The  piissage  from  Infancy  to  Childhood  may  be  rt^gati- 
by  the  eruption  of  the  **  deciduous  "  Teeth ;  liv  the  termination  ► 
#upply  of  tbod  to  the  offspring,  wbich  h  affbrJed  until  theti  by  thr  inauima^ 


n 
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secretion  of  the  mother;  by  the  dawn  of  the  Intellectual  powers,  manifested 
in  the  first  efforts  at  speaking ;  and  by  the  acquirement  of  sufficient  control 
over  the  muscular  apparatus,  to  render  it  subservient  to  the  increasing  desire 
which  then  displays  itself  for  independent  Locomotion.  All  these  advances 
UBually  take  place  simultaneously,  or  nearly  so,  during  some  part  of  the 
second  year;  some  Infants  being  much  more  forward  than  others,  both  in 
"cutting  their  teeth"  and  in  learning  to  walk  and  to  talk.  When  they 
have  been  completed,  the  Child  enters  upon  a  life  which  is  in  many  respects 
new.  The  alteration  of  its  diet  involves  a  much  higher  activity  of  all  the 
organs  which  are  concerned  in  making  blood ;  whilst  its  greatly  increased 
amount  of  exertion,  both  of  body  and  mind,  gives  occasion  to  a  more  rapid 
disintegration  of  the  nervous  and  muscular  tissues,  and  hence  to  a  higher 
activity  of  the  Excretory  organs.  This  will,  of  course,  progressively  aug- 
ment, in  proportion  as  the  Nervo- muscular  apparatus  is  brought,  with  ad- 
vancing years,  into  more  vigorous  and  more  prolonged  exercise ;  until,  with 
the  attainment  of  adult  age,  the  disintegration  of  these  tissues  comes  to  be 
the  chief  source  of  the  Excremeutitious  products.  But  during  the  whole 
period  of  increase,  there  is  another  source  of  demand  for  nutritive  activity, 
m  that  perpetual  reco7i8truction  of  the  fabric  (involving  a  sort  of  continual 
pulling  down  and  rebuilding  on  a  larger  scale,  all  the  old  materials  being 
carried  away  as  useless)  which  is  a  necessary  condition  of  its  growth :  but 
this  demand  of  course  slackens  with  the  diminution  of  the  rate  of  increase ; 
and  at  last  it  ceases  altogether,  just  when  the  other  attains  its  maximum. 
Hence  the  demand  for  food,  on  the  one  hand,  and  the  amount  of  excretory 
matter  set  free  from  the  body,  on  the  other,  are  remarkably  large  during 
the  whole  of  this  period :  the  child,  as  every  one  knows,  consuming  far  more 
nutriment  than  the  adult,  in  proportion  to  the  weight  of  their  respective 
bodies ;  and  the  like  being  true  of  the  quantity  of  carbonic  acid  exhaled 
from  the  lungs  (§  311,  in),  and  of  the  urea  given  off  from  the  kidneys 
(§  411). — That  the  germinal  capacity,  though  intierior  to  that  of  the  embryo, 
still  persists  in  a  high  degree  during  the  period  of  childhood  and  youth,  is 
shown  in  the  readiness  with  which  the  effects  of  injuries  and  disease  are  re- 
covered from ;  for  although  the  regeneration  of  lost  parts  does  not  take  place 
to  nearly  the  same  extent  as  during  early  embryonic  life,  yet  up  to  a  certain 
point  it  is  effected  with  great  completeness,  and  with  much  greater  rapidity 
than  at  later  epochs.  It  is  still,  in  fact,  rather  in  the  exercise  of  formative 
power,  than  in  the  production  of  nervo-muscular  vigor,  that  the  vital  force 
of  the  earlier  part  of  this  period  is  displayed ;  and  we  may  readily  trace  such 
a  relation  of  reciprocity  between  these  two  modes  of  its  manifestations,  as  is 
strongly  indicative  of  the  community  of  their  source.  For  it  is  familiar  to 
every  observer,  that,  when  the  growth  of  a  child  or  a  young  person  is  pe- 
culiarly quick,  his  nervo-muscular  energy  is  usually  feeble,  and  his  power  of 
endurance  brief,  in  comparison  with  that  which  can  be  put  forth  by  one 
whose  frame  is  undergoing  less  rapid  increase.  And  we  observe,  moreover, 
that  the  capacity  of  resistance  to  depressing  influences  of  various  kinds, 
which  is  a  no  less  decided  manifestation  of  the  vital  powers  of  the  organism 
(seeing  that  these  influences  are  of  such  a  kind  as  to  tend  towards  its  death), 
is  possessed  by  the  latter  in  a  far  higher  degree  than  by  the  former.  This 
is  remarkably  the  case  in  regard  to  privation  of  food  and  depression  of  ex- 
ternal temperature;  under  which,  too,  children  and  young  persons  succumb 
much  mdre  speedily  than  adults. 

869.  It  is  most  interesting  to  trace,  during  the  progress  of  the  develop- 
ment of  the  bodily  fabric,  the  gradual  expansion  and  invigoration  of  the 
Mental  powers.    The  acquirement  of  language  constitutes  the  most  im- 
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portftot  step  ill  the  devdoproeut  of  thi  ansxien;  fcu!  ii  b 

mBj  to  reeogaizie  in  the  p&ychical  man.  '     ildreD.  iM  fonber 

progress  of  that  development.  The  formatioTi  of  A^9fjciatwnA  hetm^fm  iiop 
takes  place  with  extmordiuarj  readine£i°t  aud  tenacitr  during  the  mAm 
period  of  childhood;  aod  these  exereiae  so  much  influence  over  tbefoccci^ 
don  of  the  thoughts  during  the  whole  remainder  of  life,  that  ''thr  fonttf 
early  associations*'  has  hecome  proverhiaL  Out  of  these  asftociaiioai trvt. 
on  the  one  handj  Memory  and  Imagination  :  on  the  other  hand«  thijieitimli 
processes  of  Reasoning  which  are  neces^ajy  to  the  development  of  akmr 
class  of  ideas.     Thus  the  mind  pii-    ."■■■'  "  ^tions  of  tiidt- 

vidual  objects  which  are  directly  i**m,  to  Lb«e 

dbdnwi  ideas  of  their  (jualilics,  whicL  <iiuibk  theuj  i>  odeqtiall- 

ties  elsewhere,  notwithstanding  the  existence  of  differ.  resfMi: 

and  thence  to  those  general  ideas,  in  which  the  ab^itraitioirB  it  re  eiibodiid. 
In  all  these  processes,  the  child-mind  seems  to  be  so  entirelv  ctmcentfiCid 
Upon  the  particular  subject  of  its  thoughts,  a«  to  be  "  poeeessed''  by  itfcrllt 
time,  almost  as  completely  as  a  **  biologized  "  subject  Is  by  hi*  doiBiB&At 
idea  :  and  no  prolonged  study  of  it  is  required  to  justify  the  dtatement,  that 
its  operations  are  for  si^me  time  entirely  automaiie,  auti  that  the  ac^quirenKiit 
of  Volitional  control  over  them,  on  the  part  of  the  individual,  is  a  f€rj 
gradual  process.  As  a  general  rule  it  may  be  laid  down  that  the  artivrtj 
with  which  the  formation  of  new  ideas  takes  place  In  the  child,  and  m 
rapidity  with  which  the  attention  transfers  itself  from  one  object  to  ani^tKif, 
pre%^enls  any  single  state  from  fixing  itself  durably  in  the  cimMriouftiiwi, » 
that  the  MemoiT  preserves  but  faint  traces  of  the  greater  pari  ^  "  '  ^.«rs 
thnmgh  the  mind  ;  aud  it  is  (for  the  mo^t  part)  only  when  the  -  :bt* 

a  re  freq  u  e  n  t  ly  re  cu  r  red  t  o ,  t  h  a  t  1 1  j  ey  t  a  k  e  roo  t  ( eo  to  spea  1^  i  ^  v  du  ctJ 

nature.     Still  we  occasionally  15 nd  that  particular  impre^-  rt  a  Jfrj 

|K>werful  influence  on  the  subsequent  course  of  thought  juid  iWiinjr;  ytfi 
there  is  g<wd  reason  to  believe  that  even  where  the  eoftsrujfttfm^  !•««»  ite 
hold  over  them,  impressions  of  a  trati!?ient  nature  may  leave  such  I 
the  Brain^  that  they  may  be  reprmlucetl  at  any  future  time  ^sL^u  t!« 
propriate  suggestion  may  happen  to  be  sunplitd* — Whilst  i 
consciousness  is  thus  being  exjjanded  aud  elevated,  the  £Vwi/'  ,,  ..  j-.^n  of' 
the  Psychical  nature  is  rapidly  acquiring  &  greater  range  and  iyteiJ'<itT  of 
action.  The  infant  and  yonug  child  give  ample  evidence  in  ili'  -  ^ .  ♦;  -t*  of 
the  several  forms  of  I%n»otional  8en;§ibility  which  connect  th'  *ilk| 

Sensational  and  Ferceptive  states;  but  no  sooner  does  the  dtv-  i'j.(n 
Ideas  commence,  than  the  various  luodificalions  of  **  feeling''  attach 
selves  to  M^^ti;  and  thus  almost  every  thought  that  is  noi  a  purely 
lectual  abstraction,  comes  to  ]Ki!<ses!S  m<tre  or  less  of  an  Emotional  i^ianetfr. 
Here ,  ag a  i u ,  we  trace  th e  po werf u  I  i n fl  u e n ce  of  ea  r  1  y  1 1 n  \* rt?!«<  i 
withstanding  that  the  state  of  ieeling  which  is  habitual  to  eu  loaJ 

may  depend  in  great  degree  ujion  his  original  constitution,  itfh 

que^tionahle  that  it  ts  largely  influenced  (especiHlly  m  its  n-  '^ill 

particular  classes  of  ideas)  by  ^t/mpalhjj  with  the  like  stat^  "  aiiKiif; 

whom  the  child  receives  its  early  educatJtui,     It  is  of  pc-  partaaor, 

therefore,  that  this  exainple  shoukl  be  sndi  as  it  is  whuk'^omt*  Ibr  the  cLiW 
to  imitate ;  since  it  is  upon  the  habits  of  feeliiig  thuH  early  funmti,  tluU  iM 
happiness  and  right  conduct  of  after  life  mainly  depend,  ThU  )(talioiilil 
(which  applies  with  yet  greater  force  tu  the  Moral  Sense)  may  ^-^  •-—  -ftai 
inconsistent  with  the  well-known  fiict  that  the  Emotions  of  cbi  [i^ 

culiarly  trausient  in  their  character,  even  when  they  an*  violnniy  i^\i'it«; 
one  state  of  feeling  giving  place  to  another,  even  of  the  nnmt  opputfitu  khd^ 
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under  the  influence  of  some  new  impression  or  of  some  change  in  the  direc- 
tion of  the  ideas.  But  the  same  general  principle  applies  to  this  case,  as  to 
the  formation  of  habits  of  thought ;  namely,  that  although  individual  im- 
pressions are  more  speedily  dissipated  from  the  minds  of  children  than  from 
those  of  adults,  yet  that  when  impressions  of  the  same  kind  are  frequently 
repeated,  the  brain  grows  to  them  m  such  a  manner  that  they  come  to  take 
part  (as  it  were)  in  its  ordinary  working;  and  thus,  by  establishing  a  par- 
ticular mode  of  nutritive  assimilation,  they  tend  to  perpetuate  this  acquired 
habit,  of  whatever  nature  it  be. — The  right  training  of  the  Emotional  tenden- 
cies, and  all  the  higher  uses  of  the  Intellectual  Faculties,  depend  in  great 
degree,  as  may  readily  be  shown,  upon  the  influence  of  the  Will  in  directing 
the  current  of  thought  and  feeling ;  and  this  becomes  greater  and  greater,  if 
riffhtly  cultivated,  with  the  advance  of  years,  so  that  the  psychical  powers, 
whilst  themselves  acquiring  an  increase  of  vigor  and  comprehensiveness,  are 
brought  more  and  more  under  the  control  of  the  individual,  and  can  be 
utilised  in  any  way  in  which  he  may  choose  to  employ  them.  Thus  with  a 
diminishing  mobility  of  thought  and  excitahility  of  feeling,  the  Mind  becomes 
more  and  more  capable  of  sustained  and  determinatdy  concentrated  activity ; 
and  is  at  the  same  time  progressively  acquiring  that  store  of  familiar  ex- 
perienceSj  which  not  only  constitutes  the  basis  of  all  attainments  in  special 
departments  of  knowledge,  but  supplies  (when  judiciouslv  used)  that  "  com- 
mon sense  "  by  which  we  form  most  of  our  judgments  and  direct  most  of  our 
oonduct. — During  this  period,  moreover,  the  Muscular  apparatus  of  Animal 
life,  whose  actions  are  at  first  purely  automatic,  is  brought  more  and  more 
under  the  direction  of  the  Mind,  so  as  to  express  its  ideas,  its  feelings,  and 
its  volitions.  And  it  is  whilst  this  transference  is  going  on,  that  new  habits 
of  action  are  most  readily  formed,  and  when  once  formed,  are  durably  ini- 

Sressed  upon  the  organism  (§§  510,  545, 679). — ^The  excess  which  must  exist, 
uring  the  whole  of  this  period,  in  the  cotistrudive  over  the  destructive  activity, 
and  the  large  amount  of  the  latter  which  (as  already  shown)  arises  out  of  the 
verv  nature  of  Growth,  in  addition  to  that  which  proceeds  from  the  increased 
activity  of  the  Animal  functions,  necessitates  a  much  larger  proportion  of 
repose  than  suffices  for  the  adult ;  but  this  necessity  diminishes  with  the 
progress  of  years,  for  the  reasons  already  mentioned  ;  and  thus  we  find  that 
whilst  the  young  child  passes  16  or  18  hours  a  day  in  sleep,  half  that  time 
suffices  for  the  youth  just  entering  on  manhood. 

870.  The  Second  Dentition,  consisting  in  the  replacement  of  the  deciduous 
or  "milk"  Teeth  by  the  permanent  Teeth  that  succeed  them,  which  is  the 
most  important  developmental  change  that  occurs  during  the  period  of  Child- 
hood, normally  commences  in  the  7th  or  8th  year:  the  germs  of  the  new  teeth, 
however,  are  formed  long  previously,  having  their  origin  in  a  process  of  gem- 
mation from  the  tooth-sacs  of  the  temporary  teeth,  which  takes  place  at  a 
very  early  period  in  the  development  of  the  latter.  The  three  permanent 
Molars  on  either  side  of  each  jaw,  however,  have  no  such  origin  :  since  they 
do  not  replace  temporary  teeth.  The  first  pair,  which  usually  make  their 
appearance  behind  the  temporary  molars,  eitiier  contemporaneously  with,  or 
a  little  anteriorly  to,  the  first  shedding  of  the  deciduous  teeth,  are  really 
*'  milk  "  teeth,  so  far  as  their  origin  is  concerned,  since  they  are  developed 
from  primitive  tooth-sacs :  on  the  other  hand,  the  second  true  molars,  which 
afterwards  come  up  behind  them,  are  evolved  from  tooth-sacs  which  hold 
the  same  relation  to  those  of  the  first,  as  the  tooth-sacs  of  the  other  perma- 
nent teeth  do  to  those  of  the  deciduous  teeth  which  they  replace ;  and  the 
third  true  molars,  or  derites  sapientice,  bear  the  like  relation  to  the  second. 
Although  the  eruption  of  the  true  molars  is  so  long  postponed,  yet  the 
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foundation  of  them  is  kid  at  an  earlier  period  i  for  the  p^pilli  of  the ^k 

di^ti  Dullish  able  at  the  IGth  week  a^r  eoDceptlou.  that  of  the  seeioi  it  tb 
7th  moDth  after  birth,  and  that  of  the  third  at  the  0th  year  la  lliefii»> 
cessive  replacement  of  the  "milk"  teeth  by  the  "permanent**  «el,  •  fWT 
re^nlar  order  iij  usually  folio weiL  The  middle  Incisors  are  BntibediM 
renewed,  and  then  the  lateral  Incisors.  The  anterior  '*  milk  ^*  Mukt»MSt 
follow ;  and  th^e  are  replaced  by  the  anterior  Bicuspid  teeth.  AlwMil  i 
year  afterwards,  the  posterior  "  milk  "  Molars  are  ahed,  and  ar*^  r,.rJ*.*-lig 
like  manner  by  Bicuspid  teeth.     The  Canines  are  the  laJit  o!  i* 

teeth  to  be  exchanged  ;  in  the  sueeeediDg  year,  the  aieoond  pa*r  ^ u  in-  %fm 
Millars  appear^  but  the  third  pair,  or  dented  mipit'ntifv,  are  Beldc^ni  detckfd 
until  three  or  fiiur  years  sub^quentK%  aud  often  much  later. 

871.  It  has  been  propo^sed^  (and  from  the  evidence  adduced  In  it«fcf«rt 
the  proposition  would  &eem  entitled  to  considerable  attention  »  ti»  wdo^fS^ 
guccessive  stages  in  the  8ef*ond  Dentition,  as  standards  for  e^tifftiitiuf  tW 
phy*;ical  capabilities  of  Children^  especially  in  regard  to  iho^*  *k 

which  the  Factory  Law^  rentier  it  of  the  greatest  importance  t  ne: 

namely,  the  ages  of  nine  and  thirirrn  jear^.  Previously  to  tbr  tanner, a 
Child  is  not  permitted  to  work  at  all ;  and  up  to  the  latter,  it  mav  h-*  ^y 
employed  during  nrne  hours  a  dny.     The  neeeasities  or  th<  if 

Parents  are  continually  inducing  them  to  misrepresent  the  &'-»-  b3* 

dren  \  and  it  bus  been  found  de^rable,  therefore  to  sepk  by 

whirh  the  eapabiUty  of  the  Child  may  be  determined,  wit  '-* 

of  its  age*    A  slnndard  of  Height  ha^^  been  adopted  by  tt 
this  purpr>se:  but  upon  grounds  which,  phy^iologrmlly  er*ri-)N  ■l^ 

errotieous;  since,  m  k  well  known,  the  tailed  children  «np  U  \ht 

wen kl lest  {§  8tii^).  According  to  Mr.  Saunders,  the  drgf^-*^  nt  n^um^  «l 
the  iNfCt*nd  Dentition  may  he  regarded  m  a  much  mor<t  correct  ^nambiJ^ 
thp  degree  of  general  developmeut  of  the  organic  fnum*  and  of  iu  phycir^ 
pi)wer^;  and  it  appeare  from  his  inquinea>  that  it  may  l>e  relied  ift  fti  i 
guide  to  the  real  age  in  a  large  proj*ortion  of  cartes;  whilsst  no  wrioiamr in* 
jnrious  mistake  enn  ever  arise  from  its  use.  It  may  happen  that  !*k^?  ^ 
eouiitiiytioujil  causes  may  have  slightly  retarded  the  dcvidopmer 
Teeth  ;  iu  which  case  the  age  of  the  individual  would  mthcr  l>e  ij: 
mated,  and  no  harm  could  ensue  ;  on  the  other  hand,  instann^s  of  preitmlvrt 
development  of  the  Teeth  very  rarely,  if  ever»  o*Tur;  m  (Hit  t).if^^  i^  littk 
dftDger  of  imputing  to  a  Child  a  capability  for  eKcrtion  -  doeiati 

possess,  a.«  the  test  of  height  is  continually  doing.     M^>r'    '  ••»  ail- 

vance  in  Dentition  should  occur,  it  might  probably  be  ?  tr* 

of  a  corresponding  advance  in  the  development  of  thr  wii^^^t-  o?-:,ihmii,  m 
that  the  real  capubility  would  be  such  as  the  teeth  rof»rcw:ni  it.— Tlit  M- 
lowing  is  Mr,  8a uu derm's  statement  of  the  Ages  at  which  the  **|ieniiaii«it'' 
Teeth  respectively  appc^ar:  The  first  true  Mobir?  usual ly  pn«i^tii  th««*tt«lT^ 
towards  the  end  of  the  seventh  year,     *»     -  lit 

from  the  gum  at  G,  or  more  frecjueutly  ai  uji 

of  the  wliole  of  them  may  be  regarded  a^^  an  ftlu  >:  rif  ibe 

Child  being  7  year^  old.     In  other  iui^ranccs,  wh»  r.  .♦  ikfe  W 

the  mouth  is  freely  developed,  it  is  fair  to  reckon  the  two  n^  baving  i 
from  their  capsule^^;  Pince  the  development  of  the  other  must  \w  < 
as  retarded.     This  rule  only  holds  good,  however,  in  n^gard  to  teeth  to^ 
same  row ;  for  the  development  of  the  t^tb  lo  either  jaw  must  not  be  mi 
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from  that  of  the  correspondiDg  teeth  in  the  other.  With  this  understanding, 
the  following  table  will  probably  be  very  near  the  truth : 

Centrnl  Incisors  developed  at 8  years. 

Lateral  Incisors, 9    *' 

First  Bicuspid, 10    " 

Second  Bicuspid, 11     *< 

Canines 12    to  12} 

Second  Molars, 12j  to  14 

The  following  are  the  results  of  the  application  of  this  test,  in  a  large  num- 
ber of  cases  examined  by  Mr.  Saunders.  Of  708  children  of  nine  years  old, 
630  would  have  been  pronounced  by  it  to  be  near  the  completion  of  their 
ninth  year;  having  the  central,  and  either  three  or  four  lateral,  incisors  fully 
developed.  Out  of  the  remaining  178,  it  would  have  indicated  that  126 
were  8^  years  old,  as  they  presented  one  or  two  of  the  lateral  Incisors  ;  and 
the  52  others  would  have  been  pronounced  8  years  old,  all  having  three  or 
four  of  the  central  Incisors.  So  that  the  extreme  deviation  is  only  12 
months ;  and  this  in  the  inconsiderable  proportion  (when  compared  with  the 
results  obtained  by  other  means)  of  52  in  708,  or  7i  per  cent.  Again,  out 
of  338  children  of  13  years  of  age,  294  might  have  been  pronounced  with 
confidence  to  be  of  that  age ;  having  the  Canines,  Bicuspid,  and  second 
Molars,  either  entirely  developed,  or  with  only  the  deficiency  of  one  or  two 
of  either  class.  Of  the  44  others,  36  would  have  been  considered  as  in  their 
thirteenth  year,  having  one  of  the  posterior  molars  developed ;  and  8  as 
near  the  completion  of  the  twelfth,  having  two  of  the  Canines,  and  one  or 
two  of  the  second  Bicuspid.  In  all  these  instances  the  error  is  on  the  favor- 
able side, — that  is,  on  the  side  on  which  it  is  calculated  to  prevent  injury  to 
the  objects  of  the  inquiry ;  in  no  instance  did  this  test  cause  a  Child  to  be 
estimated  as  older  or  more  fit  for  labor  than  it  really  was.^ 

872.  The  period  of  Youth  is  distinguished  by  that  advance  in  the  evolu- 
tion of  the  Generative  apj)aratus  in  both  sexes,  and  by  that  acquirement  of 
its  power  of  functional  activity,  which  constitutes  the  state  of  Puberty.  Of 
the  principal  changes  in  which  this  consists,  in  the  two  sexes  respectively,  an 
account  has  already  been  given  (§§734,740) ;  and  it  is  merely  requisite  here 
to  add,  that  this  augmented  development  can  only  be  rightly  regarded  as 
preparatory  to  the  exercise  of  these  organs,  and  not  as  showing  that  the 
aptitude  for  their  exercise  has  already  been  fully  attained.  It  is  only  when 
the  growth  and  development  of  the  individual  are  completed,  that  the  pro- 
creative  power  can  be  properly  exerted  for  the  continuance  of  the  race;  and 
all  experience  shows  that  by  prematurely  and  unrestrainedly  yielding  to  the 
sexual  instincts,  not  merely  the  generative  power  is  early  exhausted,  but  the 
▼ital  powers  of  the  organism  generally  are  reduced  and  permanently  enfee- 


^  The  value  of  this  tei^t,  as  compared  with  that  of  Height,  is  manifefited  by  a 
striking  example  adduced  by  Mr.  Saunders.  The  heis:ht  of  one  lad,  J.  J.,  aced  8 
years  and  4  months,  was  4  feet  and  }  of  an  inch  ;  that  of  another  boy,  aged  8  yoars 
and  7  months,  was  only  8  feet  'I\  inches.  According  to  the  standard  of  height 
adopted  by  the  Factory  Commissioners  (namely,  3  foet  10  inches),  the  taller  lad 
would  have  been  judged  fit  for  labor,  whilst  the  shnHer  would  have  been  rojectod. 
The  Dentition  of  the  latter,  howevor,  was  further  advanced  than  that  of  the  former ; 
for  he  had  two  of  the  lateral  Incisors,  whilst  tho  former  had  only  the  central ;  and 
the  determination  of  their  relative  physical  powers,  which  would  have  been  thus 
formed,  would  have  been  in  complete  accordance  with  the  truth.  The  elder  boy, 
though  shorter  than  the  other  by  r>J  inches,  possessed  a  much  greater  degree  both  of 
corporeal  and  mental  energy,  and  his  pulse  was  strong  and  regular  ;  whilst  that  of 
the  younger  lad,  who  was  evidently  growing  too  fast,  was  small  and  frequent. — An 
instance  even  more  striking  has  come  under  the  Author's  own  observation. 


Med  ;  $o  that  any  Inteut  preiii&pos^ittoD  to  dieeaae  b  extnmdjr  lUbk  H 
manifest  it^^elf ;  or  ihe  bodily  vigor,  if  far  a  dtne  retained  with  littW  dekri^ 
raiinn  earl}-  urulergoea  a  marked  diaiiaulion. 

87S.  Afler  the  attaiiitnent  of  Pnbertr,  do  marked  altermtioci  takopliet 
m  the  orgTttn&m,  $ave  ihe  contlDuaaee  of  its  increase  in  sCaCyre«  UfoallT  im 
a  few  years  longer  (§  784) ;  whieh  increase  is  tbe  eliief  mar'* -^* 
excess  of  the  germinal  capacity^  that  h«s  not  yet  expen 
building  up  fjf  ihe  fabric.  But  so  long  a^  this  increase  is  going  vm^  ui^tv  i 
wunt  of  that  i^ntidity  and  compactness  of  the  organism  wh»cli  §emm  tialf  «V 
tainable  when  growth  has  ceased  ;  and  the  attainment  of  whidi,  besi^eHB^ 
tial  {(}  the  highest  manifestation  it  of  Tigor  and  endurance^  maHu  im  tmi 
completion  of  H^  development.  Of  this  we  have  the  be«t  illu^rrattoD  [ 
Ottifeoii^  ^YMiem  ;  whose  completion,  being  postpjneiJ  until  all  further  i 
has  eeai^il,  may  he  fairly  couriered  as  marking  the  final  £tage  in  ihed 
opmeot  of  the  organ ij^m,  and  as  therefore  characterizing  the  period  of  Ai 
eeiw?e, — Commencing  with  the  Vertrhmi  {Mumn^  w©  find  tbat  wbtWt  tJn  ' 
**  body "  and  "  neuml  arehes "  of  each  vertebra  become  coDsoHdji!r<l  In  ^siHt 
ebild hood,  the  spino^i^  and  tmnsver^e  processes  are  cocnplele^  r>ai 

** epiphyses/^  the  cMssific^tion  of  which  does  not  commence  tintti  u  rij, 

and  the  6nal  union  of  which  with  the  body  of  tbe  bone  may  n-  -M 

the  age  of  twenty-five  or  thirty  years.   About  the  same  time,  tbcji  ^^  x-^nmA  i 
and  added  to  each  surfatie  of  the  body  of  the  veriebra  a  smontb 
plate  of  solid  bone,  which  covers  a  portion  that  was  pn?viou?lj  nnt^  i 
fissured,    Duriug  this  peritxi,  the  consolidatiou  of  iheSaeruui  i*  |  ** 

the  coniponent  vertebra;  of  which  remain  separate  up  to  about  t  ■ 
year,  and  then  begin  to  unite  from  below  upwards,  the  union  of  : 
ml  being  completed  by  about  the  twenty-fifth  or  the  thir^ 
at  the  same  time  thin  osaeous  plateis  are  formed  on  either  si.. 
ma^s  which  seem  to  represent  the  epiphyses  of  the  transirer^-  priH 
component  vcrtebne,  and  like  them  are  finally  joined  on  to  the  b>dy  ( 
bone.  The  osBiification  and  waleseenee  of  the  Oiccygeal  Tertelinp 
place  at  a  still  later  period,  Pllach  rib  in  like  manner  has  two  etiinlir* 
for  the  head  and  the  other  for  the  tubercle;  the  ossification  of 
soon  after  puberty,  whilst  their  union  with  the  body  of  the  boti^  .  . 
picted  until  mm^  years  afterward?.  The  five  pieces  of  which  thr 
consists,  though  themselves  completely  ossified,  remain  separate  tmlil 
Xh^  ageof  puberty ;  when  their  union  commeoces  from  below  upward*,! 
the  sacrum,  not  being  always  completed,  however,  even  in  old  agv,  by 
junction  of  tbe  finst  piece  to  the  rest  of  the  bone.  The  yssificalixiii  off 
Eusiforra  cartilage  d^jes  not  commonly  begin  until  after  the  a|z< 
and  it  is  usual!  v  not  entirely  completed  even  in  very  ndvari*  * 
ossific  union  of  tbe  separate  elements  of  the  BcntM  nf  thr  Sknll  \i^  7'J4,5 
is  u.«*nally  completed  withiu  a  few  years  after  birth  ;  but  tht^n^  ar«i  «^toc  i^ 
which  not  unfreijuently  remain  distinct  during  the  greater  portion  <%(  Ufc  a 
which  may  even  never  coalesce;  such  is  the  case  with  thr  two  hnlvi»  of  tliil 
Frontal  bone,  which  often  remain  permanently  dividf^l  by  a  i>mtintiattoii«/ 
the  sagittal  suture,  and  with  the  Styloid  process  of  the  tempofal  b«>iML  Ifi 
the  Upper  extreiniiks  we  find  tbe  Scapula  presenting  three  epiphyiwi,  ium  i^ 
the  coracoid  prooeas,  one  for  the  acromion,  and  one  for  thn  lowt^r  aogW"^ 
the  bone;  the  oesificatioti  of  which  begins  soon  after  puberty,  their  m*  i« 
with  the  body  of  the  bone  taking  place  between  the  a|j«?s  of  twcnty*twu  iii4 
twenty*five  years.  The  Clavicle  has  an  epiphysis  at  iLi  internal  eiwi,  mhvk 
l>egius  to  form  between  the  eighteenth  and  twentiedi  jimf>  '  nmttd  Ut 
the  rt^t  of  the  bone  a  few  years  later.    The  conaolidation  '  tai^nti  it 

completed  rather  earlier;  the  large  piece  at  the  upper  tod,  wUicb  is  1 
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by  tbe  coalescence  of  the  ossific  ceutres  of  the  head  and  two  tuberosities, 
unites  with  the  shaft  at  about  the  twentieth  year ;  whilst  its  lower  extremity 
is  completed  by  the  junction  of  the  external  condyle  and  of  the  two  parts  of 
the  articulating  surface  (previously  united  with  each  other),  at  about  the 
seventeenth  year,  and  by  that  of  the  internal  condyle  in  the  year  following. 
The  superior  epiphyses  of  the  Radius  and  Ulna  unite  with  their  respective 
shafts  at  about  tne  age  of  puberty ;  the  inferior,  which  are  of  larger  size,  at 
about  the  twentieth  year.  The  epiphyses  of  the  Metacar[Mil  and  Phalangeal 
bones  are  united  to  their  principals  at  about  the  twentieth  year. — In  the 
Lower  extremities  the  process  of  ossification  is  completed  at  nearly  the  same 
periods  as  that  of  the  corresponding  parts  of  the  upper.  The  consolidation 
of  the  Ilium,  Ischium,  and  Pubis,  to  form  the  Os  Innominatum,  by  the 
ossification  of  the  triradiate  cartilage  that  intervenes  between  them  in  the 
acetabulum,  does  not  take  place  until  after  the  period  of  puberty ;  and  at 
this  time  additional  epiphyses  begin  to  make  their  appearance  on  the  crest 
of  the  ilium,  on  its  anterior  inferior  spine,  on  the  tuberosity  of  the  ischium, 
and  on  the  inner  margin  of  the  pubes,  which  are  not  finally  joined  to  the 
bone  until  about  the  twenty-fifth  year. 

874.  The  rapid  increase  in  Viabiliiy  which  shows  itself  in  both  sexes  up 
to  the  age  of  puberty,  its  rapid  decline  from  that  point,  and  its  subsequent 
increase  in  the  male  up  to  the  age  of  thirty,  have  oeen  already  pointed  out 
(§  784\  The  disorders  to  which  the  organism  is  most  subject  during  the 
iseveral  periods  which  have  now  been  considered,  are  by  no  means  the  same 
for  each.  In  early  Childhood,  when  there  is  a  great  demand  for  the  activity 
of  the  Digestive  and  Assimilative  functions,  and  these  have  to  be  exercised 
upon  nutriment  to  which  their  organs  are  not  yet  accustomed,  we  find  de- 
rangements of  those  organs  to  be  among  the  most  common  of  all  maladies ; 
these  may  be  serious  enough  in  themselves  to  constitute  dangerous  and  even 
rapidly  fatal  diseases  ;  but  even  when  they  do  not  take  these  acute  forms,  a 
foundation  is  often  laid,  in  habits  of  perverted  Nutrition  thence  arising,  for 
disorders  of  a  more  chronic  nature  (especially  those  depending  on  the  Tu- 
bercular diathesis,  §  378),  which  may  not  manifest  themselves  for  many  years 
afterwards.  The  peculiar  activity  of  the  nervous  centres,  which  is  prolonged 
from  Infancy  into  early  Childhood,  involves  a  continued  liability  to  derange- 
ments of  their  nutrition  or  of  their  functions ;  and  thus  it  happens  that  in 
young  children  of  scrofulous  temperament,  it  is  either  in  the  mesenteric  glands, 
or  in  the  brain  or  its  membranes,  that  tubercular  deposit  first  takes  place. 
The  second  Dentition,  like  the  first,  is  often  accompanied  with  a  great  deal 
of  constitutional  disturbance ;  especially  in  such  individuals  as  are  suffering 
from  defective  Nutrition,  or  from  an  irritable  state  of  the  Nervous  System. 
In  the  former  case  there  is  a  special  proneness  to  Tubercular  disease;^  in  the 
latter,  to  Epilepsy,  Chorea,  or  some  other  form  of  disorder  of  the  nervous 
centres,  the  connection  of  which  with  Dentition  is  shown  by  its  abatement 
when  that  epoch  has  passed.  A  large  part  of  the  sickness  and  mortality, 
however,  which  presents  so  high  a  rate  during  the  whole  period  of  Childhood, 
is  due  to  various  forms  of  Zymotic  disease,  especially  the  Exanthemata  and 
Infantile  Remittent  Fever,  and  to  their  sequelce^ — The  attainment  of  Puberty 

>  It  is  a  very  significant  circumstance,  that  of  the  many  specimens  of  the  Anthro- 
poid Apes  which  have  been  brought  alive  into  this  country,  not  one  has  survived  its 
second  dentition  ;  and  that,  in  almost  every  case,  it  has  been  by  tubercular  disease 
that  their  lives  have  been  thus  premHturely  cut  off. 

»  The  effects  of  affluence  and  poverty  on  the  duration  of  life  at  this  period  are 
remarkably  shown  by  the  deductions  of  Caspar  of  Berlin,  who  states  as  the  result  of 
his  inquiries  that  of  1000  children  born  in  the  families  of  affluent  persons,  911  at- 
tained the  Age  of  15  years;  whilst  of  1000  paupers,  only  584  survived  to  that  age. 
(B^lard,  Physiologie,  1862,  p.  594.) 
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in  the  Male  sex  is  uot  uj^ually  attended  with  any  Fpeeific  t^Oflciief  tn^ 
ease :  nor  would  it  pn^bably  he  in  tbe  Female,  if  her  tmxie  t>r  Irfr  i 
acconiaot  with  the  rules  of  health.  AJ though  disorder  of  tbe  MeQUniil 
til  nation  h  one  of  the  most  common  pbenomejia  of  female  youth,  yd  il  « 
undoubtedly  to  be  looked  upou  more  frequeutly  as  a  ^ymploin  of  }?eiiitmld»^ 
feet  of  Dutritioti  (and  especially  of  an  impoverished  couditioD  of  the  hjijoil), 
than  aa  it8elf  conaiitutiug  a  t^ieease.  The  eitraordinary  refluctioo  id  tlii 
probability  of  life^  indicatiDg  a  large  mortality^  duriog  the  yeant  lihickiB- 
mediately  8ueeeed  puberty,  seems  lo  depend  in  great  degree^  io  llit  Mili, 
upon  the  premature  use  of  his  generative  powers,  and  upOD  hi§ 
upou  the  active  employments  of  life  before  his  couFtitution  had  reaavivl  tbi  I 

|-invigoratian  which  insults  from  the  completion  of  ht^  bodily  dgyelopyi; 

^^Trhilst  in  ihe  Female  it  is  very  commonly  attributable  to  tht*  ace 
of  unhealthy  influences,  which  begin  to  '4ell  *'  upf:»n  Xh  f  bermtm* 

when  its  germinal  capacity  no  longer  ministers  to  it«t  »■  ^eneratioow  b  i 

is  then,  in  both  sexes,  though  from  cause§  whose  irn mediate  nature  biffflfrj 
ent^  that  the  Tubercular  diathesis  iB  prone  to  develop  itjseU  «Ir1»  rir,-«r«rl 
intensity,  and  ihat^  by  fixing  upon  the  Respiratory  orjrans,  it  tJif 

most  rapidly  fatal  alterations  in  structures  whose  integrity  is  e^-  i.  i...  ..^iSe. 
875*  I'erhd  of  JAtfwrt/y*— The  ceissation  of  growth,  and  the  ixinifileoao  rf 
the  developmental  processes,  which  lutlicate  the  attainment  of  MfiMk^ml^mff 
Bcconipanied  by  a  marked  increase  in  the  general  vigor  of  the  orH^Qtsiii,  ii4 
by  a  sf»ecial  augmentation  in  the  power  of  emfurftticr  in  the  exerebe  of  tip 
Auimal  faculties.  With  the  exception  of  those  parts  of  the  fabrir  whtm 
•yt  11  i  ty  was  con  ii  d e<l  to  th e  ea  r i  i e r  pe ri ods  of  i ts  d e  v e hi p m eo  I ,  we  6 Of !  < 

■organ  now  prcsseniiug  il*  greatest  capacity  for  sustained  activity  ■  and  I 
it  i«  from  the  character?  winch  each  presenLst  at  this  f>erii»d,  that  we  f 
ideas  of  its  ttfpical  |>erfecti«m  of  structure  and  comp<i»itioo,     AIL  the  [ 

lehanges  which  the  orgaiHi^m  ha^  undergo »ne^  both  as  a  whole  and 
separate  parts,  cnucur  itJ  the  attainment  of  UiU  |ierfi.-etion,  as  we  have  I 
cially  eaen  in  regard  to  the  evolutlou  of  the  m>Iid  frame  work  of  thie  I 
and  ever>*  subsei|ueijt  change,  m  we  shall  presently  jwrceive  (STT^   ;ti%  Jt 
a  deterioration  from  it*     The  whole  nmtj*  of  dtn*elapfuent,duric  .*i 

appears  t^i  be  directed  towards  tlie  fnmuiatante  of  the  ot^nie^iii   .»  **..  t3ie 
which  it  had  acquired  at  its  commencement ;  by  the  regeueratioii  nf  its 
sues  as  fast  as  they  undergo  disintegration,  and  by  the  reu 'v  '•   *     *    ' 
force  in  pro^xirtiou  as  this  is  expendt'd.     There  i»  no  hu. 
for  the  production  of  new  organs^  ami  com  pa  ni  lively  liftle  !>>r  irit^  atigm'i>t4  , 
tiou  of  those  already  ei^isttng;  the  iucrea^^e  tif  the  Uierine  and  Miutifl 
struetnr^^,  during  the  period  of  gesliitiou,  being  the  m<m  uuy  'H-n- 

pies  of  formative  power^  and  these  presi-niing  ibenii^lves  in  tbt  .ni 

there  is  leai^t  of  nervo-muscular  activity  and  of  general  vigor.  We  thtiflU 
infer,  then,  that  tbe  "germinal  cairn  city'*  k  now  on  the  decline:  am!  dm 
further  appears  from  the  diminished  energy  and  comnlet^uf^-  I  - 

the  repa  ra  ti  ve  processes  a  re  pe  rfo  rm  et  1 ,  as  co  m  j  Jtired  wi  tli  t  h  e  i  , 
they  are  executed  during  the  periwl  of  growth.     There  is  t 
demand  for  alimentary  material  (allowance  being  made  J 
bulk  of  the  body)  than  during  the  previous  periods  j  and  i 
life  upon  a  constant  supply  of  aliment  is  far  less  chisse,     I\r-it.  r,.  , , 
nary  rate  of  waste  or  degeneration  of  tissue  is  now  much  less  rapid 
ing  the  period  of  growth  ;  for  we  have  seen  that  decay  aud  ^  r 
latier  cas^e,  are  among  the  very  conditions  of  incrense;  whili<t  i 
they  proeee<K  for  the  moBt  part,  only  from  the  exp;  :   • 
powers  of  the  tissues,  con#efjuent  upon  their  functional 
upon  tbe  degree  io  which  the  Animal  powers  are  excjt;iscd,  tUa4  tli«  UiOiaiiJ 
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ibr  food  chiefly  depends  in  the  Adult ;  the  sole  purpose  of  the  Organic  or 
Vegetative  operations  bein^  (so  to  speak)  to  keep  the  apparatus  of  Animal 
life,  now  fully  developed,  in  working  order.  The  relative  activity  of  the 
different  parts  of  this  apparatus  is  now  somewhat  modified.  The  observing 
faculties  no  lon^r  possess  the  same  pre-eminence;  the  emotional  sensibility  is 
less  readily  excited ;  but  the  intellectual  powers  now  act,  in  the  modes  which 
have  become  habitual  to  them,  with  a  sustained  vigor  and  completeness 
which  they  never  previously  possessed.  And  so,  whilst  the  muscles  are  not 
80  easilv  excited  to  contraction,  and  new  combinations  of  movement  are 
acquired  with  far  more  difficulty  than  during  the  period  of  growth  and  de- 
▼elopment,  the  force  which  they  can  generate  by  their  contraction  is  aug- 
mented, and  this  force  can  be  kept  up  for  a  much  longer  time  in  adults  than 
in  younger  subjects. 

876.  The  duration  of  the  period  over  which  this  "  maintenance  "  may  be 
protracted,  without  any  sensible  deterioration,  depends  in  great  degree  upon 
the  due  observance  of  all  the  conditions  of  health.  If  the  various  mental 
and  bodily  faculties  are  duly  exercised,  without  being  overtasked, — if  an 
amount  of  sleep  adequate  to  their  periodic  renovation  be  regularly  taken, — 
if  a  sufficient  but  not  excessive  quantity  of  wholesome  food  be  ingested  at 
appropriate  intervab, — if  the  functions  by  which  the  blood  is  prepared,  and 
those  by  which  it  is  kept  in  purity,  be  duly  performed, — if  all  such  noxious 
agents  as  foul  air,  strong  alcoholic  liouors,  tobacco-smoke,  be  kept  at  a  dis- 
tance,— and  there  be  no  constitutional  predisposition  to  disease  on  the  one 
band,  nor  any  exposure  to  extraneous  morbific  causes  on.  the  other, — it  may 
be  fairly  anticipated  that  the  bodily  and  mental  vigor  may  be  sustained  with 
little  deterioration  during  a  long  succession  of  years,  ^he  circumstances 
that  most  tend  to  premature  decline,  are,  on  the  one  hand,  excessive  exertion 
either  of  the  mental  faculties  or  of  the  generative  power ;  or,  on  the  other, 
undue  indulgence  in  food,  or  in  stimulating  drinks,  or  in  any  practice  that 
tends  to  disorder  the  Organic  functions,  especially  by  exciting  them  to  undue 
activity.  Every  one  who,  in  any  of  these  modes,  may  "live  too  fast," 
18  almost  certain  to  pay  the  penalty  in  an  abbreviation  of  his  term  of  vigor- 
ous activity  ;  which  may  be  either  brought  to  a  sudden  and  final  close  by 
fatal  disease,  or  may  be  prematurely  reduced  by  more  gradual  decay.  And 
this  tendency  will  of  course  be  more  decided,  the  greater  is  the  amount,  and 
the  larger  the  combination,  of  those  departures  from  the  Laws  of  Health 
which  give  rise  to  it. 

877.  Period  of  Decline, — The  decline  of  life  exhibits  a  much  more  obvious 
diiyinution  of  the  whole  vital  power  of  the  organism ;  for  not  only  is  its 
formative  activity  now  greatly  reduced,  but  its  nervo-muscular  energy  and 
general  vigor  progressively  diminish,  and  its  generative  power  becomes  en- 
feebled, or  ceases  entirely  (§§  1Z\  742).  Of  this  diminution  in  formative 
power  we  have  evidence  in  the  entire  absence  of  any  attempt  at  new  develop- 
ment, in  the  less  perfect  and  more  tedious  manner  in  which  the  losses  of 
substance  occasioned  by  disease  or  injury  are  recovered  from,  and  in  the 
gradual  deterioration  of  the  organism  in  general.  The  tissues  which  are 
rendered  effete  by  their  functional  activity,  are  not  any  longer  replaced  in 
their  normal  completeness ;  for  either  the  quantity  of  new  tissue  is  inade- 
quate, so  that  the  bulk  of  the  organs  is  obviously  reduced  ;  or  their  quality 
is  rendered  imperfect  by  the  production  of  structures  in  various  phases  of 
degeneration,  in  place  of  those  which  had  been  previously  developed  in  the 
fullest  completeness.  The  inferiority  of  Nervo-muscular  energy  and  of  gen- 
eral vigor  are  thus  evidently  the  result  of  the  deficiency,  and  not  (as  in  the 
period  of  growth)  of  the  excess,  of  formative  power,  and  in  proportion  as 
the  "  waste "  of  the  tissues,  consequent  upon  their  functional  activity,  is 
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more  rapid  than  their  reti ovation^  a  progressive  lo&s  of  substance  mofit  talc# 
place.  The  forms  of  Degeneration  most  commonly  met  with  "i  a«iraneetJ 
agi?,  are  the /(if #y  and  the  eaicareom.  The  former  (§  351)  is  extreme?! y  prone 
to  show  it!!ielf  in  those  organs  whose  integrity  of  structure  is  peculiarly  im- 
portant to  health,  and  whose  deterioration  interferes  directly  with  the  r*W 
properties  of  their  component  tissues,  Thu.^  we  observe  it  in  the  Mu^^ukr 
apparatus  genemlly,  but  preeminently  in  the  walls  of  the  Heart;  and  m 
proportion  as  its  contractile  fibre  hag!  been  replaced  by  particles  of  fat»  munt 
the  vital  energy  of  any  muf*cla  be  lowered.  So,  again,  we  find  the  mme 
degeneration  iu  the  Liver,  Kidney,  and  other  part?  of  the  Glandular  appa- 
ratus; the  proper  secreting  action  of  which  h  impaired  in  the  ratio  of  the 
Bubatitution  of  fat  for  the  proper  Glandular  elements.  But  it  may  also  lend 
to  ma'it  serious  deraugements  of  the  vital  functions,  by  its  interterenc*^  with 
the  purely  mechanical  actions  of  certain  part^  of  the  organism  ;  thus,  fatty 
degeneration  of  the  walls  of  the  Bloodvessels  is  one  of  the  most  frequent 
causes  of  those  extravasations  of  blooti  in  the  nervous  centres,  which  give 
rise  to  the  apoplexy  ami  to  the  various  forms  of  paralysis  so  common  amonw 
the  aged  ;  aud  the  same  change  occurring  in  the  Bimes^  gives  them  that 
peculiar  brittleness  which  they  frequently  eichibit  in  advanced  t>eriiifl.^  iif 
Iife<  That  general  decline  of  the  vital  powers,  which  has  received  the  namo 
of  •*  climacteric  disease/*  appears  traceable  to  the  same  source/ — The  ten- 
dency of  the  calcai-eous  degeneration  (which  specially  affects  the  Cartilage 
inous  and  Fibrous  tissucj*)  is  almost  exclusively  to  interfere  with  the  tm-rhm^ 
tea/  adaptations  of  J:he  organism  ;  producing  an  injurious  rigidity  In  vari*tii» 
structures  which  require  a  greater  or  less  amount  of  flexibility  fi*r  the  Dormal 
performance  of  their  tunc  Lions.  Thus  it  is  very  commou  for  the  cnrlilair*^ 
of  the  ribs  to  become  ossified  in  advanced  life,  so  as  to  interfere  with  the  frrt 
movement  of  the  walls  of  the  thorax  ;  and  the  thyroid  cartilages  of  <»td 
people  are  frequently  converted  into  bone,  produciug  n  rough ncsss  of  tb« 
voice,  and  deficiency  of  the  power  of  modiilaling  it.  The  iolervertebnl 
eulBtance  (which  is  partly  cartilaginous  and  partly  fibrous)  not  unfrequeotlir 
becomes  j4(.ilidified  iu  the  lumbar  region,  as  do  also  the  spinal  ligameni«,  so 
that  several  of  the  lower  vertebne  are  firmly  auchylosed  to  each  other  and 
to  the  sacrum  ;  and  a  like  change  oilen  takes  place  in  the  pelvic  articulft- 
tious,  so  that  the  pelvis  and  the  lower  part  of  the  spine  become  one  con  tin* 
uous  mass  of  bone,  destitute  of  flexibility  or  yieldingncga  in  any  |Mirt,  la 
like  manner  the  cranial  sutures  often  become  obliterated ^  and  cak^reou.* 
dejxjsits  occur  in  the  duplicatures  of  the  dura  matter  forming  the  falx  and 
teutorium,  A  large  amount  of  this  kind  of  change  may  take  place  withijut 
any  serious  interference  with  the  orgauic  functions,  although  it  tends  to  cur* 
tail  the  Animal  powers,  Wheu  the  calcareous  degeneration,,  however,  extends 
itself  to  the  vital  organs,  the  interruption  which  it  occasions  in  their  actio 
may  l>e  faial ;  thus,  next  to  fatty  degeneration,  there  is  probably  no  me  _ 
frequent  cause  of  failure  of  the  heart's  action,  or  of  extravasation  from  th# 
bloodvessels.  In  old  persons,  than  ossification  of  the  valvular  apjiaratus  of 
the  former,  depriving  it  of  the  flexibility  which  is  eesential  to  its  proper 
action,  or  the  fibrous  walls  of  the  latter,  imparting  to  them  a  hnltleo^Jii 
which  predisposes  to  rupture.* 

878,  Thus,  then,  with  the  advance  of  Old  Age,  the  oi|^niam  becoo 
progressively  more  and  more  unfit  for  the  active  pedbf maiies  of  it»  f i 

1  See  Gulliver  in  th<^  Trtinsact,  of  Rny.  Med.-Chir  Stn?.,  1843;  unci  ii. 

and  Surg,  Journ,,  184fl;    Mr.  BHriow'a  General  ObayrvgUons  tin  Fatty  li;^ :i, 

in  Lhp  MeiJicftl  Time^  nnd  Gnxnup,  ifiiy  16th,  18ii2. 

*  A  gf>iKl  accmmtof  thfse  eh^nije*  will  be  found  in  the  Pmetic*!  Tf«»ti»o  on  th* 
Diiease^  and  InHrmkiei  of  Advanced  Llfei  by  Ditoiel  MicUchAn,  M,D.,  \MB, 
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operations ;  a  gradual  weakeniDg  is  observable  in  the  Mental  as  well  as  in 
the  Corporeal  energy ;  and  a  retardation  becomes  obvious  in  the  current  of 
Organic  life.  The  mind  is  far  less  active  than  in  the  periods  of  Maturity ; 
the  perceptions  are  dull,  the  feelings  comparatively  obtuse  (save  wheVe 
8ome  dominant  emotion  has  gained  possession,  through  the  previous  habit 
of  yielding  to  it),  the  intellectual  powers  cannot  be  so  readily  put  in  action, 
,  and  the  imagination  loses  its  vividness.  There  are  few  instances  in  which 
any  great  works,  either  literary  or  artistic,  have  been  executed  after  the  age 
of  threescore.  Still  the  experience  of  a  long  life  gives  value  to  the  judg- 
ment ;  and  the  counsels  of  the  old,  where  the  bearings  of  the  question  can 
be  fully  understood,  deserve  the  respect  of  the  young,  more  especially  in 
cases  where  temporary  ardor  of  feeling  tends  in  the  latter  to  supersede  the 
dictates  of  their  calmer  reason. — ^The  mental  torpor  is  correlated,  there 
seems  no  reas<m  to  doubt,  with  changes  in  the  condition  of  the  Nervous  sub- 
stance, which  impair  its  original  activity;  and  like  changes,  occurring  in 
the  Muscular  substance,  diminish  its  capacity  for  physical  exertion.  Hence 
there  is,  on  the  one  hand,  a  marked  diminution  in  the  demand  for  food ;  on 
the  other,  a  like  diminution  in  the  rate  of  the  excretory  processes,  as  is  seen 
especially  in  the  exhalation  of  carbonic  acid  (§311,  in)  and  in  the  excre- 
tion of  Urea  (§  411):  and  in  accordance  with  all  these  reductions,  there  is 
a  greatly  diminished  power  of  sustaining  the  heat  of  the  body,  the  temper- 
ature of  which  consequently  becomes  liable  to  a  serious  depression  from  ex- 
ternal cold.  This  retardation  of  vital  activity  gradually  becomes  more  and 
more  marked,  until,  if  neither  accident  nor  disease  should  intervene,  the 
current  stops  of  itself;  the  formative  power  seems  to  undergo  a  progressive 
exhaustion,  until  no  assistance  from  artificial  heat,  no  supply  of  the  most 
nutritious  food,  can  any  longer  avail  for  the  generation  of  new  tissue ;  the 
nervo-muscular  energy  gradually  declines,  until  at  last  even  those  actions  on 
which  the  circulation  and  respiration  entirely  depend  can  no  longer  he  |)er- 
formeil ;  and  with  the  cessation  of  these  functions,  the  Life  of  the  entire 
organism  becomes  extinct. — Such  we  may  consider  to  be  the  mode  in  which 
Death  normally  occurs.  Various  abnormal  influences,  however,  remain  to 
be  considered,  which  may  bring  about  this  final  result  at  an  earlier  {)eriod, 
and  in  diflerent  modes  (chap.  xxi). 


CHAPTER   XXL 

OF  DEATH. 

879.  We  have  seen  it  to  be  inherent  in  the  very  nature  of  Vital  Action, 
that  it  can  only  be  sustained  during  a  limited  period  by  any  Organized  body; 
for  although  tbe  duration  of  certain  structures  may  be  prolonged,  and  their 
vital  properties  retained,  almost  indefinitely,  yet  this  is  only  when  the  with- 
drawal 01  all  extraneous  agencies  has  reduced  them  to  a  condition  of  complete 
inactivity.  The  Organized  fabric,  in  fact,  is  at  the  same  time  the  imtrument 
whereby  Vital  Force  is  exercised,  and  the  subject  of  its  operation;  and  of 
this  operation,  decline  is  no  less  a  constituent  part  than  development,  and 
Death  is  its  necessary  sequence.  Hence,  in  the  performance  of  each  one  of 
those  Functions  whose  aggregate  makes  up  the  Life  of  Man,  the  particular 
organ  which  ministers  to  that  function  undergoes  a  certain  loss  by  the  de- 
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qVuw  and  deatti  of  ita  component  tissues;  and  this  the  more  rapidly  in  prfh 
portion  to  the  aetivity  of  the  changes  which  are  etiect*;d  by  tht^ir  itie^ru* 
mentality*  But  if  the  regenerative  proceaeea  be  aki  performed  wiih  *\m 
vigor,  no  detenoratioo  of  the  organ  is  roapifested,  since  every  lo«us  of  mh^ 
stance  b  compensated  by  the  production  of  an  ecjuivaleot  atnoulit  of  new  i 
similar  tisjsue.  This  regenerative  power,  however,  gradually  diiiutji; 
with  the  advance  of  years;  and  thus  it  hap|)ena  that  the  entire  ot^oism  pm- 
gresgively  deteriorates  (§  877),  and  that  Death  at  lawt  supervenes  from  a 
general  failure  of  the  vital  powers,  rather  than  frora  the  perversion  or  ceisa* 
tiou  of  any  nue  classj  of  actions  in  particular. 

880,  But  Death  may  occur  at  any  period  of  Life,  from  Borae  local  intei^ 
rupcion  produced  by  disease  or  injury  in  the  regular  sequence  of  vital 
actions;  such  iuiermption  extending  itself  from  the  part  in  which  it  com- 
mences to  the  organism  in  general,  in  virtue  of  that  intimate  mutual  de- 
pendence of  one  function  upon  another,  which  is  characteristic  of  all  the 
nighcr  orders  of  living  beings.  The  death  of  the  body  ba  a  wfaole^  which 
may  be  appropriately  designated  Somixtic^  deaths  In^comes  a  necessary  eonse- 
qnence  of  the  death  of  a  certain  part  of  it,  or  Mdecxilar  death,  tmly  when 
the  cessation  of  activity  in  the  latter  interferes  with  the  elaboration,  the 
circulation,  or  the  depuration  of  the  Blood,  which  supplies  not  merely  the 
nutritive  pabitlum  to  every  part  of  the  organism,  but  &\m  the  oxygen  which 
is  essential  to  the  activity  of  the  Nervo-muscular  apparatus.  Thui*,  even  in 
the  higher  animab,  the  death  or  removal  of  the  lira  lis,  although  they  may 
constitute  (as  in  Man)  a  large  proportion  of  the  fabric,  is  not  necessarily 
fatal  J  because  it  involves  no  interruption,  either  in  the  nutritive  operations 
of  the  viscera,  or  in  tiie  sensorial  functions  of  the  brain.'  On  the  other  hand, 
the  destruction  of  a  certain  minute  portion  of  the  Nervous  centres,  or  5Ucb 
a  lesion  of  the  Heart's  structure  as  would  be  trivial  in  alnifist  any  other  organ, 
may  Ik?  the  oct-agion  of  immediate  death ;  because  these  changes  arrest  the  Res- 
piratory movementjs,  or  interfere  directly  with  the  action  of  the  Heart  m  m 
to  bring  the  flow  of  blood  to  a  i^taud*  It  sometinjcs  hapfKmsi,  however,  that 
life  may  be  prolonged  ai'ter  the  dciith  or  removal  of  mm\e  im[>ortant  or^an, 
ijj  consequence  of  the  power  which  some  other  po^essea  of  discbai-gin^  iti 
functions;  thus  we  find  that  in  Man  the  kidneys  seem  occasionally  io  take 
upon  tbetnselves  the  elimination  of  the  constituents  of  bile  from  the  blood 
(fe  385) ;  and  in  the  Frog  the  skin  can  perform  part  uf  the  offic*©  of  the  hings, 
so  as  to  effect  the  aeration  of  the  blood  in  a  sufiicient  d^ree  to  prohiog  liib 
for  some  time,  unless  the  temperature  be  elevatjed,* 

8S1,  But  although  the  vital  activity  of  every  part  of  the  body  is  depen- 
dent upon  a  due  supply  of  circulating  fluid,  yet  this  dej)endenc€  Is  usually 
not  so  close  as  to  involve  the  immediuk  suspension  of  vital  activity,  or 
Molecular  Death,  in  every  part,  whenever  the  general  Circulation  sbaH  have 
been  brongbt  to  a  stand.     For  we  have  distinct  evidence  of  the  per^isteoce 


^  This  tprm  wm  first  sugfitested  by  Dr,  Prichurd,  in  plin'c  af  ibo  leM  iieeufiit«  %mm 
"fyftemic  *'  which  wat  previously  in  UM*  (Sa*  Cyrbp,  «f  Aoiil.  and  PhynaL,  vd,  I, 
p.  79L) 

'  The  Author  hn*  been  !nfornn?d  by  Dr.  D»niell  Ihnt  it  h  not  U  n\\  ynccmimi^ei  ] 
Negrof**  who  are  in  tlJt^  )mt  fttrtg**  of  the  ndynamie  fevc^rs  of  the  AfHean  const,  f 
deiilh  und  decomposliion  to  cit^nd  gtrtdmilfy  uiiwnrds  from  the  eairt^tni* 
trunk  ;  !^o  ihiit  the  f^jrmer  may  be  in  m  iilHte  of  iiUnlute  piJtrt«*cc*nci%  bcfi-r 

ration  and  eircuhitian  have  l>een  brought  to  «  stund,  ind  be  Icuri**  f' ,. .  *- 

fton^  or  PhilrtdeJpbiii,  tUnt  be  hta  more  than  ance  witnesied  the  ^nm- 

*  Tbnt  auch  cunnot  Uike  place  in  Mar^  is  due  not  merely  to  iho  uf  l^-u, 

Rditptation  of  bift  gkin  f*>r  the  nerntion  of  tbe  blood,  hut  ^ho  to  thi^ 
tyjM)  of  his  circuhilioh,  which  cttusre  tb«  arre*t  of  blood  la  the  ptiln 
p  rod  uce  a  &iii  giiii  tv  u  n  u  t  lb  e  e  ri  t i  re  c  u  r  r^n  I, 
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of  vital  changes  in  various  organs  and  tissues  of  the  body,  after  the  death 
of  the  body  at  large ;  as  is  manifested  in  the  performance  of  ciliary  and  of 
muscular  movements,  in  acts  of  secretion  and  perhaps  even  of  nutrition/  in 
the  maintenance  of  the  local  circulation  (§  261),  and  in  the  generation  of 
animal  heat  (§  424) ;  and  the  fact  is  even  yet  more  remarkably  manifested 
in  the  reunion  (even  after  the  lapse  of  some  hours)  of  parts  that  have  been 
entirely  severed,  such  as  fingers  or  toes,  noses  or  ears,  by  adhesion  between 
the  cut  surfaces  when  brought  into  apposition,  which  could  not  take  place  if 
the  severed  part  were  already  dead. 

882.  The  permanent  and  complete  cessation  of  the  Circulating  current, 
which  essentially  constitutes  Somatic  Death,  may  be  directly  or  indirectly 
consequent  upon  several  distinct  causes.  In  the  first  place,  it  may  be  due  to 
&ilure  in  the  propulsive  power  of  the  Heart,  which  constitutes  Syncope. 
Thb  failure  may  occur  either  (a)  in  consequence  of  a  loss  of  the  proper 
irritability  of  the  Muscular  tissue,  or  (6)  through  the  supervention  of  a 
**  tonic  spasm,"  the  organ  remaining  rigidly  contracted  without  its  usual 
alternation  of  relaxation.  The  phenomena  attending  death  in  the  two  cases 
are  not  dissimilar,  when  the  loss  of  irritability  is  sudden  and  immediate  (as 
when  it  arises  from  violent  impressions  on  the  nervous  system) ;  for  the  in- 
dividual suddenly  turns  pale,  falls  back  or  drops  down,  and  expires  with 
one  gasp.  But  under  the  former  condition,  the  heart  is  found  flabby,  some- 
times empty,  sometimes  distended  with  blood,  both  cavities  being  equally 
filled  ;  whilst  in  the  latter  the  heart  is  contracted  and  hard,  containing  little 
or  no  blood,  as  when  in  the  state  of  rigor  martis. — The  cause  of  the  loss  of 
irritability,  when  sudden,  usually  lies  in  the  influence  of  a  "  shock  "  trans- 
mitted through  the  Nervous  system,  and  originating  either  in  some  severe 
lesion  of  its  central  organs  or  of  its  peripheral  expansion  (§  244),  or  in  a 
deficiency  of  its  supply  of  blood  or  diminution  of  its  usual  pressure  (such 
as  is  produced  by  rapid  detraction  of  blood,  especially  in  the  erect  posture, 
by  the  rapid  removal  of  the  fluid  in  ascites  without  the  substitution  of  arti- 
fidal  pressure,  or  by  suddenly  rising  into  the  erect  posture,  afWr  prolonged 
recumbency,'  still  more,  after  long  stooping),  or  in  some  powerful  mental 
emotion,  either  exciting  or  depressing.  A  more  gradual  eflect  of  the  same 
kind  is  produced  by  severe  lesions  of  the  internal  organs  (such  as  rupture  of 
the  uterus),  which  often  prove  fatal  by  the  general  "  collapse  "  thus  induced, 
rather  than  by  the  disturbance  which  takes  place  in  their  own  proper  func- 
tions ;  and  this  seems  to  be  the  usual  modus  operandi  of  corrosive  poisons, 
whose  effect  upon  the  heart's  action  resembles  that  produced  by  severe  burns 
of  the  surface  in  children.  The  influence  of  the  proper  sedative  poisons, 
however, — such  as  digitalis,  tobacco,  aconite,  and  upas, — seems  to  be  directly 
exerted,  through  the  blood,  upon  the  tissue  of  the  heart  itself;  and  the  same 
is  probably  the  case  with  some  of  those  "  morbid  poisons,*'  whose  introduc- 
tion into  the  system  gives  rise  to  diseases  of  the  most  intensely  adynamic 
type,  such  as  Maligant  Cholera,  in  which  the  "  collapse  "  is  out  of  all  pro- 

>  Thus  Mr.  T.  Bell  mentions  (History  of  British  Keptiles,  p.  61),  that  having  been 
engnged  in  tho  careful  dissection  of  the  poison  apparatus  of  a  large  liattlesnuke, 
although  the  animal  had  been  dead  for  some  hours,  and  the  head  had  been  token  off 
immediately  after  death,  yet  the  poison  continued  to  bo  secreted  as  the  dissection 
proceeded,  so  as  to  require  to  be  occasionally  dried  off  with  a  bit  of  spongo. — A 
growth  of  Hair  is  said  to  have  been  noticed  in  several  instances  after  death  ;  and  if 
the  temperature  of  tho  surrounding  medium  be  not  too  low  for  the  vital  activity  of 
the  hair-bulbs,  there  seems  no  adequate  reason  why  this  should  not  take  place. 

'  Hence  it  is  that  great  caution  should  be  exercised  in  allowing  patients  who  are 
convalescent  from  acute  diseases  to  rise  into  the  erect  position,  many  cases  of  fatal 
syncope  having  been  thus  induced.  The  state  of  general  debility,  and  the  continued 
recumbency  both  favor  this  result,  especially  in  persons  advanced  in  life. 
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pnriioD  to  any  IocaI  l^an.     But, 


agam 


the  Itm 


-UhOit^ 


gradual 
fatty  deg«  lie  ration  or  by  simple  atrophy;  and  ting  ia^t 

to  deficiency  of  blood,  as  happens  m  chronic  elarvatii' --.it^^    f  ^ 

hatistion,  in  which  the  failure  of  the  cireulaiioti  seems  due  lo  t! 

of  the  heart's  power  and  to  the  lowering  of  the  quaiitity  at  -T 

blood,  acting  as  concurrent  eaui#es,  the  conditiou  Hwu*  lud- 

priately  designated  Agfitenia.     lu  all  cases  it  is  tu  be  oh 

the  Vital  powers  have  been  previoitsly  depn^ssed,  a  much  r^\  i  [^n.  awa 

on  the  !Nervons  system  is  aaeijuate  tu  prwluoe  Syncope,  umn  >ii»uiil  beie- 

quired  when  it  is  in  a  state  of  full  vig4»r,— The  eau^es  of  the  Unvus  tmam^ 

the  heart  have  not  been  clearly  made  out ;  but  it  serms*  (*r    '      '         '    t^ 

more  common  form  of  Syncupe,  by  ageneies  operating  thi  m 

system;  thus  it  has  supervened  upon  the  iuge^tiuii  of  a  Itirgn 4|aA4iUty if  I 

cold  water  into  the  stomach. 

683.  Somatic  Death  may  be  occasioned,  ffemndiy^  by  an  u  in  Am 

flow  of  blood  through  the  capillaries  of  the  luugj&i  odo*i  ^ 

(S  3 '2 3) ;  and  this  may  be  consequent  ujjon  a  dbonlert?*!  ^tai**  iU  ihe  I 
themselvesj  or  upon  suspension  of  the  respiratory  movrTiirnt-  ihriMi'li  i 
tions  of  the  Nervous  centres.     It  is  in  this  mode  that  i.  •  «f 

the  Nervous  System  produce  death ,  except  when  a  eu-  ...  ...  m- 

pressiou  occasions  a  cessation  of  the  hearths  power;  ttius  tu  Aj  i^ 

cotie  Poisouiug,  etCj  death  results  from  me  pamlyzed  mm^n  ir^  i  die 
Medulla  Obhmgata  ;  whilst  iu  Convulsive  diseases,  the  fatal  r^ulf  jeetumQ; 
ensues  upon  a  spasmodic  flxation  of  the  respiratory  mujti'I*^* — Titnl^,  So- 
matic death  may  be  ocea?*ioued  by  a  disordered  condition  of  the  B&wtfMtf 
(§  204),  which  at  the  same  time  weakens  the  power  of  tli»*  Httirt,  imfl  " 
the  activity  of  the  Nervous  system,  and  prevents  the  ^M^rffinnrtfu-i*  cjf 
changes  in  the  systemic  Capillarieitj  which  afford  n  ry  I 

circulation.     This  is  death   by  Nt^rwtnm.^^Fot  ith 

result  directly  from  the  agency  of  Odd,  which  st:. 
tions  of  the  system.    Where  the  cooliug  is  due  to  u 
low  external  temperature,  which  acti*  first  upon  the  r 
is  reason  to  think  that  the  congestion  of  the  internal  ve 
occasions  a  torpid  condition  of  the  Nervous  centres^  aud   '  nintini 

of  the  Circulation  is  immediately  due  to  Asphyxia.     Bui  -^Tfi^ 

L9  gradual,  and  the  loss  of  heat  is  almost  equally  rapid  thr  ob- 

vious that  the  stagnation  must  be  universal,  and  that  n' ■  ^  'JJ 

in  any  one  [jart  is  the  occasion  of  the  tor|>or  in  the  funei  i  :* 

It  11^  in  this  manner  that  death  ordinarily  results  frcjtn  .-^f. 
by  the  weakening  of  the  heart's  action^  as  commouly  sup, 
of  this  have  been  already  stated  (§  ^l^il), 

S84.  As  a  genera.1  rnlQ^  we  find  that  the  more  active  the  rhftr»e»%i  ^yA 
normally  take  place  iu  any  tissue  during  lite,  the  ut  iJi 

Muheulnr  Death  follow  Somatic  Death,  the  recjuisite  <       .  .ial  i 

action  being  no  longer  supplied  to  it.     Thus  we  ob^ervo  thtit  in  i't^ld-bifi 
animals,  the  supervention  of  iMolecular  upon  Somatic  tlfath   b  i 
speedy  than  it  is  iu  Birds  and  Mammals,    Ihis  seem^t  thie  to  twn  ctiUMS.   li 

i><is>i  riband  of  A  I 
ri>  reCAiu 


Ln^ti 


the  first  place,  the  tissues  of  the  former,  being  at  alt  tim*^^ 
lower  degree  of  vital  activity  than  those  of  the  latter,  are  '. 
it  for  a  longer  time ;  according  to  the  principle  already  1 
secondlyjas  the  maintenance  of  a  high  tempifrature  is  an  r 
of  the  vital  activitv  of  the  tissues  of  Warm-bloi>dc<i  animaU 


1  See  Dr.  Q.  J.  fi.  WiUUms'^i  PHaclpt«i  af  M«di6iA«,  34  •dit,  p.  66a. 
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iDg  of  the  body  after  Somatic  death  is  calculated  to  extinguish  it  speedily ; 
and  that  this  cause  has  a  real  operation,  is  evinced  by  the  influence  of  arti- 
ficial warmth  in  sustaining  the  vital  properties  of  separated  parts. — The 
rapidity,  however,  with  which  Molecular  death  follows  the  cessation  of  the 

Seneral  circulation,  will  be  influenced  by  a  variety  of  causes;  but  especially 
y  the  degree  in  which  the  condition  of  the  solids  and  fluids  of  the  body  has 
been  impaired  by  the  mode  of  death.  Thus  in  Necrsemia,  Asthenia,  and 
death  by  gradual  cooling,  Molecular  and  Somatic  death  may  be  said  to  be 
simultaneous ;  and  the  same  appears  to  be  true  of  death  by  sudden  and  vio- 
lent impressions  on  the  Nervous  system  (§  244).  But  in  many  cases  of 
death  by  causes  which  operate  by  producing  a  more  gradual  Syncope  or 
Asphyxia,  the  tissues  and  blood  having  been  previously  in  a  healthy  condi- 
tion, Molecular  death  may  be  long  postponed ;  and  we  cannot  be  quite  cer- 
tain that  it  has  supervened  until  signs  of  actual  decomposition  present  them- 
selves. 

885.  When  Molecular  death  takes  place  in  an  isolated  part,  it  must  result 
from  some  condition  peculiar  to  that  part,  and  not  primarily  aflecting  the 
body  in  general.  Thus  we  may  have  Gangrene  or  Mortification  of  a  limb 
as  a  direct  result  of  the  application  of  severe  cold,  or  of  an  agent  capable  of 
producing  chemical  changes  in  its  substance,  or  of  violent  contusions  occa- 
sioning mechanical  injury;  or,  again,  from  an  interruption  to  the  current  of 
nutritive  fluid  ;  or,  further,  from  some  ill-understood  stagnation  of  the  nutri- 
tive process,  which  manifests  itself  in  the  spontaneous  death  of  the  tissues 
without  any  assignable  cause,  as  in  some  cases  of  senile  gangrene.  Some- 
times we  are  enabled  to  trace  this  stagnation  to  a  disordered  condition  of  the 
circulating  fluid ;  as  in  the  gangrene  resulting  from  the  continued  use  of  the 
"ergot"  of  rye  or  wheat;  but  we  can  give  no  other  account  of  the  almost 
invariable  commencement  of  such  gangrene  in  the  extremities,  than  we  can 
of  the  selection  of  lead,  introduced  into  the  blood,  by  the  extensors  of  the 
forearm.  If  Mortification  or  Molecular  Death  be  once  established  in  any 
part,  it  tends  to  spread,  both  to  contiguous  and  to  distant  portions  of  the 
body.  Thus  we  have  continually  to  witness  the  extension  of  gangi-ene  of  the 
lower  extremities,  resulting  from  severe  injury  or  from  the  use  of  the  ergot, 
from  the  small  part  first  aflected,  until  the  whole  limb  is  involved ;  and  this 
extension  is  easily  accounted  for,  by  our  knowledge  of  the  tendency  of  or- 
ganic substances  in  the  act  of  decom]K)sition,  to  produce  a  similar  change  in 
other  organic  substances  subjected  to  the  influence  of  proximity  to  them. 
And  the  propagation  of  the  gangrenous  tendency  to  remoter  parts,  is  ob- 
viously due  to  the  perversion  of  the  qualities  of  the  Blood,  which  results 
from  a  similar  cause.* 

88G.  It  is  quite  certain  that  an  apparent  cessation  of  all  the  vital  functions 
may  take  place,  without  that  entire  loss  of  vitality  which  would  leave  the 
organism  in  the  condition  of  a  dead  body,  liable  to^e  speedily  disintegrated 
by  the  operation  of  chemical  and  physical  agencies.  The  state  of  Syncope 
is  sometimes  so  complete  that  neither  can  the  heart's  action  be  perceived  nor 
any  respiratory  movements  be  observed,  all  consciousness  and  power  of 
movement  being  at  the  same  time  abolivshed  ;  and  yet  recovery  has  sponta- 
neously taken  place,  which  could  scarcely  have  been  the  case  if  all  vital 
action  had  been  suspended. — It  is  not  a  little  remarkable,  that  certain  indi- 
viduals have  possessed  the  power  of  voluntarily  inducing  this  condition.  The 
best  authenticated  case  of  this  kind  is  that  of  Col.  Towosend,  which  was  de- 

*  On  the  proximate  causes  of  Death,  see  especially  the  Art.  Death,  by  Dr.  Symonds, 
in  the  Cyclop,  of  Anat.  and  Phys.,  vol.  i ;  the  first  chapter  of  Prof.  Alison's  Outlines 
of  Pathology  and  Practice  of  Medicine,  and  Dr.  C.  J.  B.  Williams's  Principles  of 
Medicine,  8d  edit.,  pp.  53(>-o57. 


fitcribed  by  Dr.  George  CbejTie,'  who  was  hi  nisei  f  the  witne.^  of  th^  fiwl 
But  statements  have  been  receotly  made  respecting  the  perfonjianoes  Dftvf- 
tain  Itidiiia  FakeerK,  which  are  far  more  extraordioary ;  It  Imng  tlemon- 
strated,  if  these  a^ertions  are  to  be  credited,'  chat  the  Huuma  fjrguiii^m 
jnay  not  only  be  voluntarily  reduced  to  a  stale  resembling  pn^ftmnd  «>j1- 
lapse,  10  which  there  appears  to  be  nearly  a  complete  euiipeiision  of  all  iti 
vital  operations,  but  may  continue  in  that  couditioD  for  m^m&  day?  or  even 
weeks,  until,  in  fact,  means?  are  taken  to  produce  resusciialioiu— An*iiber 
form  of  apparent  deAth,  the  existence  of  which  ap|)ears  to  be  well  am!it*M* 
ticated,  is  that  sometimes  de^^ignated  a*  "  Trance"  or  "  Calulf-fMy/'  in  whirh 
there  ie  a  reduetioQ  of  all  the  Organic  Fnuctioni*  to  an  exirejuely  low  eh\\ 
but  in  which  conseiousnem  is  still  preserved,  whilst  the  p^jwer  of  \'o)urilary 
intj%^ementi  is  su^spended ;  so  that  the  patient,  though  fully  aware  of  all  that 
is  being  said  and  done  around,  is  unable  to  make  the  lea^  %*Uibleor  audible 
sign  of  life,*  It  is  impossible,  in  the  present  «tate  of  our  knowleilge,  tu  j^ive 
any  satisfactory  account  of  these  etatei^;  but  sipme  li|^bt  appears  tti  be  thmwn 
upon  them  by  certain  phenoniena  of  artiticial  surnimmbu!i8m/'bypuyijc"or 
"mesnjenc"  (§  *>8G);  for  in  this  condition,  there  ib  sometimes  uu  extraordi- 
nary retardation  of  the  regpimtory  muvemeot^  and  of  the  pulsjuious  of  the 
heart,  which  if  carried  further,  would  produce  a  state  of  complete  colla[>*e; 
and  its  self-induction  is  suspected  by  Mr.  Braid  to  be  the  secret  of  the  (jer- 
forniance  of  the  Indian  Fakeers  just  referred  to. 

887.  The  signs  by  which  reul  is  certainly  distinguishable  from  tipparfnl 
Death  are  not  numerous^  a  large  proportion  of  those  commonly  reli<?il  oa 
being  fallacious;  but  they  are  conclusive. — ^In  the  first  place,  it  is^  to  Ik*  r*'- 
marked  that  no  reliance  is  to  be  placed,  for  the  reasons  already  menttunrfl, 
upon  the  a[>parent  cessation  of  the  Heart's  action  and  of  the  Ile^pim^jry 
raovemeuts;  since  the  reduction  of  these  to  so  low  a  condition  that  they  ana 
DO  longer  dii^tiugnisliable,  is  by  oo  means  incompatible  with  the  perBisteoi 
of  vitality.  It  hfis  been  suggested,  however,  that  the  pereistenee  of  tl 
circulation  in  itis  feeblest  degree  may  be  rendered  manifest  by  the  applica 
tion  of  a  ligature  to  a  fiuger,  which  wdl  become  swollen  on  the  di&tal  aide  " 


*  Bee  hu  TrmiU^  on  Ni*rvo«s  Difcjisps,  p.  807. 

'  See  4*  collfcti"!!  «*f  tb^tio  vn»f*&,  dirpclly  ablnined  from  Britifh  offifer*  who  hid 
bpisn  eye-witnes^Mg  of  ihem  in  Indin,  by  Mr*  Briiid,  In  his  Ohserv»tior^* on  Tr»iti-^*or 
llunuin  Hibernation,  1850,^ — Ir*  one  of  Ihtjfe,  vouehod  for  bv  Sir  ClwiiJu  %\    \\%>io 
(rurNu-rly  puililittjil  wgeEit  Ht  thf  Coiirtof  Ritnjwl  Slnf^h),  the  f'akoer  wa-  buH.*l  '.r.  tfj 
U ri d er g r ou n d  € 0 1  h  lu J d«.« r  ftl r R- 1  gti li r d i n n & h i p,  for  *i JT  week9 ;  the  b* >dy  li mt  bin- 1 ■. 
du|^  up  by  Ri)iije«i  Sliigh  during  Ihe  period  of  interment,  mid  had  lM!<'(i  f*»utnl 
fiHtue  jK^Ailion  Hg  wben  tlrat  buried — In  another  ett?e,  nwrmtt^J  by  Liciit,  Boiii'jr: 
Narrative  of  »  Jnurnt*^  in  Knjwarra,  in  1835^  the  nmn  biid  been  burii-d  for  t^j 
in  VL  grikv^  lined  with  inttM>nry  and  covered  with  lj*Pi*e  »Ub«  (if  sUmi.\  Jind  sir, <.>_•, 
guarded;  nnd  he  assured  Lit^tit,  Boileau  Ihul  he  was  rendy  In  submit  to  oti  itil«*prnriii(if 
«  twelvernonlh's  duration  ifdcftin'd. — In  a  third  caso,  nnVrated  by  Mt.  Braid,  thr  rriil 
wuri  made  under  the  direct  superinlendene©  of  a  Brilish  offieer^  m  puri*:Ml  of  ninf^dxji 
having  been  siipulitted  f*ir  on  ih**  part  of  the  devotei* ;  but  this  wji?*  ulKirienedtotlir't^ 
at  the  desire  of  the  offlct*rj  who  feared  hH  he  should  incur  bin  mo  if  the  rf*uH  ^u 
fataL— Tb(j  np[>«Brance  of  the  body  whtjn  Aral  disinlerred^  ifid^flcrib^^it  In  nil  in*t»nc«i 
m  hiivin^  been  quitt  curpse-Uke^and  no  pupation  could  be  detttiv^d  nt  the  heart  <ir  in 
theartene!*j  tbt>  means  of  Pfsloration  employed  were  chiefly  WMrnith  tt»  ibo  vrrk^  i 
and  friction  to  the  body  and  limbs.— It  maty  he  remarked  that  the  y      -^   ^  •       •  -  • 
protraction  of  iuch  a  naie  (supposing  that  no  deception  vitiate?  tl: 
the  narratives  referred  to)  can  be  much  better  conijirehended  ai>  ocl'..:  . 
than  a*^  takini^  place  in  lhisco»intry  j  since  the  warmtb  of  the  tropical  ninv 
6*>i I  w o u  Id  pre ve n  t  any  se ri oua  1  osa  of  h tsat »  »uc h  a^  ni  ust  soon  oec o  r  i n  a  c oi . : 
when  the  proceflseR  whereby  it  U  genernted  are  brought  to  a  stand. 

'  Several  inch  cases  are  recorded  in  Br,  H.  Mayo's  Lctt^ri  i»n  tb«  Tnitlu oOOtoilMd 
in  PopuUr  Superstillona,  and  ali^  by  Mr,  Braid,  op.  ciL 
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the  heart  still  continues  to  act.*  A  surer  test,  however,  is  afforded  by  the 
oonditioD  of  the  Muscular  substance;  for  this  gradually  loses  its  irritability 
after  real  Death,  so  that  it  can  no  longer  be  excited  to  contraction  b^  elec- 
trical or  any  other  kind  of  stimulation ;  and  the  loss  of  irritability  is  suc- 
ceeded by  the  appearance  of  cadaveric  rigidity.  So  long,  then,  as  the  muscle 
retains  its  irritability  and  remains  free  from  rigidity,  so  long  we  may  say 
with  certainty  that  it  is  not  dead;  and  the  persistence  of  its  vitality  for  an 
unusual  period  affords  a  presumption  in  favor  of  the  continuance  of  some 
d^ree  of  vital  action  in  the  body  generally ;  whilst,  on  the  other  hand,  the 
entire  loss  of  irritability,  and  the  supervention  of  rigidity,  afford  conclusive 
evidence  that  death  has  occurred.     The  most  satisfactory  proof,  however,  is 

S'ven  by  the  occurrence  of  putrefaction;  this  usually  first  manifests  itself  in 
e  blue-green  coloration  of  the  cutaneous  surface,  especially  the  abdominal ; 
but  it  speedily  becomes  apparent  in  other  parts,  its  rate  being  usually  in 
some  degree  of  accordance  with  the  external  temperature,  though  also  much 
influenced  by  the  previous  condition  of  the  solids  and  fluids  of  the  body, 
these  having  been  sometimes  le'ft  by  diseased  actions  in  a  state  that  renders 
them  peculiarly  prone  to  disintegration  (§  80). 

888.  With  the  final  restoration  of  the  components  of  the  Human  Organ- 
ism to  the  Inorganic  Universe,  in  those  very  forms  (or  nearly  so)  in  which 
they  were  first  withdrawn  from  it,  the  Corporeal  Life  of  Man,  of  which  it 
has  been  the  object  of  the  foregoing  Treatise  to  sketch  the  leading  features, 
comes  to  a  final  close.  But  the  Death  of  the  Body  is  but  the  commence- 
ment of  a  new  Life  of  the  Soul ;  in  which  (as  the  religious  physiologist 
delights  to  believe)  all  that  is  pure  and  noble  in  Man's  nature  will  be  refined, 
elevated,  and  progressively  advanced  towards  perfection ;  whilst  all  that  is 
carnal,  selfish,  and  degrading,  will  be  eliminated  by  the  purifying  processes 
to  which  each  individual  must  be  subjected,  before  Sin  can  be  entirely  sub- 
jugated, and  Death  can  be  completely  "  swallowed  up  of  Victory." 

1  See  also  Norris,  Humphry  and  Turner's  Journal  of  Anat.  and  Physiology,  vol. 
i,  p.  217. 


NOTE 

ON  MR.  SORBY'S  SPECTRUM  ANALYSIS  OF  THE  BLOOD. 


In  addition  to  the  observations  made  in  the  text,  it  may  be  remarked  that 
the  scale  of  measurement  adopted  by  Mr.  Sorby  is  obtained  by  means  of  two 
small  NicoFs  prisms  and  an  intermediate  plate  of  quartz.  Mr.  Sorby  ob- 
serves in  his  paper,  contained  in  the  "  Proceedings  of  the  Royal  Society/'  for 
1867,  that  if  white  light  passing  through  two  such  prisms  without  the  plate 
of  quartz  be  examined  with  the  spectrum  microscope,  it  of  course  gives  aa 
ordinary  continuous  spectrum,  but  if  a  thick  plate  of  quartz  or  selenite  be 
placed  between  the  prisms,  with  the  axis  of  45°  to  the  plane  of  polarization, 
though  no  difference  can  be  seen  in  the  light  with  the  naked  eye  the  spectrum 
is  entirely  changed.  The  light  is  still  white,  but  it  is  made  up  of  alternate 
black  and  colored  bands,  evenly  distributed  over  the  whole  spectrum.  Tbe 
number  of  these  depends  ujK)n  the  thickness  of  the  depolarizing  plate,  so 
that  we  may  have  if  we  please  almost  innumerable  fine  black  Hues,  or  fewer 
broader  bands,  black  in  the  centre  and  shaded  off*  at  each  side.  Heuce,  as 
the  number  of  divisions  depends  on  the  thickness  of  the  interference  plate, 
it  became  necessary  to  determine  what  number  should  be  adopted.  Tbe 
number  12  was  selected  for  the  number  of  divisions  purely  for  the  sake  of 
convenience.  This  number  is  easily  counted,  and  the  sodium  line  D  comes 
very  accurately  at  3J.  The  centre  of  the  bands  is  black,  and  tht»y  are 
shaded  off  gnuhially  at  each  side,  so  that  the  shaded  part  is  about  e<jual  to 
the  intermediate  bright  spaces.  Taking  then  the  centres  of  the  black  hau<b 
as  1,  2,  3,  etc.,  the  centres  of  the  bright  spaces  are  H,  2J,  3},  etc.,  the  lower 
edges  of  each  i,  1?,  etc.,  and  the  upper  11,  2\,  etc.  We  can  easily  divide 
these  quarters  into  eighths  by  the  eye,  and  this  is  as  near  as  is  requin*<l.n>r- 
res|)onding  as  nearly  as  possible  to  jo^th  part  of  the  whole  spectrum  vi>il>le 
under  ordinary  circumstances  by  gaslight  and  daylight.  Ahsorption-ban(is 
at  the  red  end  are  best  seen  by  lamplight,  and  those  at  the  blue  end  hy  day- 
light. On  this  scale  the  position  of  some  of  the  principal  liue^  of  the  >o!ar 
spectrum  is  about  as  follows : 

A  ...     J  B  .     .     .  1  }   .     .     .  C  .     .     .  2i  D  .     .     .     :4 

E  .     .     .  6H  b  .     .     .  6j^^  .     .     .  F  .     .     .  7i  G  ...  10; 

Mr.  Sorby  further  remarks,  that  in  order  to  describe  spectra  he  has  devis^ 
a  simple  notation,  employing  types  in  constant  use,  by  which  it  is  ea-y  to 
give  a  single  line  in  all  the  essential  particulars  that  would  otherwise  rLSjiiire 
a  long  and  tedious  description,  or  a  number  of  drawings  and  woodcuts.  The 
intensity  of  the  absorption  is  expressed  by  the  following  types: 

Not  ftt  all  shaded, Blank  space. 

Very  slitrhtly  shaded, ...  Dots  with  wide  space. 

Decidedly  shaded, Dots  closer  totjether. 

]More  shaded, Very  close  dots. 

Strongly  shaded,  but  so  that  a  trace  )  mu        u      u  ^ 

of  color  is  still  seen,      .     .     .     .}  -"■  Ihree  hyphens  clce. 

Still  darker, —  Single  dash. 

Nearly  black Double  dash. 
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Except  when  specially  requisite,  only  the  symbols  •     .     ., ,  — ,  are 

employed  for  the  sake  of  simplicity,  and  then  as  signs  of  their  relative 
ratner  than  of  the  absolute  amount  of  absorption,  and  it  is  assumed  that 
there  is  a  gradual  shading  off  from  one  tint  to  the  other,  unless  the  contrary 
is  expressed.  This  is  done  by  a  small  vertical  line  over  the  figure,  which 
shows  that  there  is  a  well-marked  division  between  them.  Definite  narrow 
absorption-bands  are  indicated  by  *  printed  over  their  centre.  This  will  be 
better  understood  by  a  description  of  the  spectrum  of  deoxidized  Hsematin. 

^  hi 


a  ^ 


TS 


--                                      1  I            5| 

I        -S                   -^  %        Ib 

es                 S                                   b  S                S  ® 

2                 •§                  W)                —  bO                 «^ 

S           I*          2           §  §          1^ 

3          >          5          S  5          o 

4i— 6                  5}.  .  .6f  9.  .  10-- 11— 

The  reader  will  now  be  enabled  to  understand  the  accompanying  notation 
of  the  figure  on  page  249. 

1.  Sorby's  standard  spectrum. 

2.  Oxidized  haemoglobin, ^■—^           ^f—S}            8  .-9— 

8.  Haemoglobin  with  CO,, 8}— 4 J            4^—6 J  ,        8.-9— 

4.  Deoxidized  hiemoglobin, 8}....4J--6}           9.-10 — 

6.  Bloodstain  several  years  old, 1| .  .  .  2j^           S^.-i 

6.  Acid  solution  of  hsematin, 1)  .  . .  2jl           Si. -4 

7.  Ammoniacal  solution  of  hsematin, .     .     .     .  3^.-4 

8.  Deoxidized  ammoniacal  hsematin,  .     .     .     .  4 — 5    6f-- 6}  9.-10 — 
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weight,  730  ;  his  psyebo.pbysioal  law,  797 

Feinberg.  on  suppression  of  cutaneous  respira- 
tion. 526 

Fellenberg,  Dr.  C,  on  reoedence  of  near- point 
I      with  advancing  age.  750 

Felts,  on  migration  of  white  corpuscles  460  ; 
on  pigments  of  bile  and  blood,  478  ;  on  jaun- 
dice. 480 

Fernet,  M  .  on  gases  of  blood,  258.  259 

Ferrier.  Dr.,  on  electrical  excitation  of  cerebral 
convolutions.  099 

Pick  and  Wislicenus,  MM.,  on  elimination  of 
nitrogen  by  the  urine,  38.  101,  505 

Fick.  Prof.  A.,  on  secretion  of  gastric  juice, 
157  ;  on  action  ofspartein  on  heart.  317  ii'de  ; 
his  spring  kymograph.  338;  on  beat  dysp- 
nosa,  5.'{7  ;  on  cochlea.  783  ;  on  work  on  non- 
nitrogenous  diet,  842 ;  on  nerves  of  touch, 
referred  to,  725  not^  ;  on  sense  of  touch.  728  ; 
on  sensations  of  temperature,  731 ;  on  ri.se  of 
temperature  in  rigor  mortis,  535.  810;  on 
elasticity  of  muscle,  812 ;  on  absolute  mus- 
cle force,  840 

Figuier.  on  glycogeny,  484 

Finlayson,  Dr.,  on  temperature  of  infants,  530 

Fischer,  on  trophic  nerves,  873 

Fleifcbmnnn,  on  faeces,  182  note 

Flemming  on  cartilage,  68 

Fl^s,  Dr.,  his  case  of  atrophy  of  liver  and  pan- 
creas, 173 

Flint,  Dr.  Austin,  on  cholesterin  and  sterco- 
rin,  97;  on  the  state  of  the  rectum  previous 
to  defecation,  141  note;  on  secretion  of 
bile,  176;  on  stercorin,  182;  on  semilunar 
valves  of  heart,  308  ;  on  bile-ducts,  474  ;  on 
jaundice,  480  ;  on  effects  of  exercise  on  urea, 
506  ;  on  salts  of  urine,  515  ;  on  excitation 
of  cerebral  hemispheres,  702 

Flogel,  on  muscle.  802  vole 

Flourens,  M.,  on  enlargement  of  arteries  with 
pulse,  329;  on  noeud  vital,  374:  on  reflex 
action.  636 ;  on  removal  of  cerebrum,  656, 
657  note;  on  functions  of  corpora  quadri- 
gemina.  667  :  on  auditory  nerve,  655,  658 ; 
on  cerebellum,  675 

Flower,  Prof.,  on  comparative  anatomy  of  liver, 
470 

Fud^r^,  on  inanition,  127 

Folet,  M.,  on  temperature  of  paralyzed  parts, 
545 

Fontana,  on  regeneration  of  nerves,  558  7wte 

Ford,  Mr.,  his  case  of  absorption  in  ovarian 
dropsy.  203 

Ford,  Hutson.  on  alcohol  in  blood,  254 

Fordyce  and  Blagdon,  Drs..  their  experiments 
on  endurance  of  beat,  538 

Forscher,  on  nerve  regeneration,  558  7tote 

Forster,  on  perimetritis,  750 

Foster,  Dr.  M.,  on  amylolytic  power  of  pan- 
creatic fluid.  171  ;  on  development  of  blood- 
corpuscles,  251  ;  on  cardio-motor  ganglia, 
307,  309;  on  heart  of  snail,  312;  on  i;lyco- 
gen.  485  ;  ou  presence  of  amyloid  subtitance 
in  entozou,  485  ;  on  development  of  bird, 
924-968 

Foster  and  Bulfour,  Drs.,  on  development  of 
fowl,  924,  944 

Fothergill,  on  digitalis,  3\7  note;  on  tempera- 
ture in  disease,  535 
\  Fourc'tult,  Dr.,  on  cutaneous  asphyxia.  526 

Fournio,  on  excitation  of  cerebral  convolutions, 
)      701 
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Foville,  M.,  on  fanciion  of  cerebellum,  678;  ! 
on  condition  of  brain  in  insanity,  704 

Fowler,  on  innnition,  124 

Fox.  Dr.  Wilson,  on  development  of  muscle, 
808  tiote 

Franke,  on  onlorifio  valae  of  starch,  435 

FranklanJ,  Dr.,  on  disintegration  of  muscle, 
101  ;    on   effective   energy   of  various  sub-  ; 
stnncetf,  435  ;  on  work  performed  bj  body,  ! 
430  I 

Franklin.  Sir  J.,  on  temperature,  530 ;  his  case 
of  Inctntion  by  male.  973  vole 

Frantzel,  M.,  on  nerve  cells,  referred  to,  558, 
864 

Fraser,  Dr.  T.  R.,  on  physiological  action  of 
Calubar  bean,  307,  316  ;  on  action  of  various 
compounds  on  nerve  and  muscle,  821 

Frericb?,  Prof.,  on  digestion  of  gelatin,  103; 
on  composition  of  saliva,  145  ;  on  action  of 
pancreatic  juice,  171  ;  on  composition  of  bile, 
476;  on  meconium.  481  vote;  on  glycogcny, 
483;  on  kidney,  referred  to,  481  Jtote;  on 
excretion  of  urea,  507,  512 

Frey,  Prof.,  on  structure  of  lymphatic  glands, 
207.  208 ;  on  lecithin.  86  ;  on  protagon.  87  ; 
on  bloodvessels  of  Peyerian  glands,  211;  on 
biliary  ducts,  473,  475  ;  on  kidneys,  referred 
to,  490  nnte  ;  on  neuroglia,  601 

FriedlUnder,  on  action  of  heart,  306 

Friedlehen,  M.,  on  composition  of  thymus 
gland.  226 

Fritccb,  on  electrical  excitation  of  brain,  698 

Frohlich,  on  influence  of  position  on  pulse, 
320 

Frommnnn,  Dr.  C,  on  structure  of  spinal  cord, 
referred  to,  603  vote 

Fu(ljik<iw?ki,  on  proportion  of  iron  in  haemo- 
globin. 254 

Fuike.  Dr.  Otto,  on  colorless  corpuscles  in 
blood  of  splenic  vei.n.  229  ;  on  nbsurption  of 
fat,  11M»  ;  on  absorption  of  peptone,  199;  on 
per.«]Mr<tion,  522.  523;  on  regulating  me- 
chanism for  heut.  537;  on  temperature  of 
brjiin,  54rt  ;  on  reaction  of  nerve,  579;  on 
efiVctH  of  woorara  on  motor  and  sensory 
neives,  317  nottt  821 


Qaetpben.^,  on  glycogeny,  490 

Gairdner,  Dr.  \V.  T.,  on  contractility  of  bron- 
chi.il  tube^,  3fi7  ;   on  kidneys.  490  note  i 

Qalabin,  on  spbygmograph.  330  ;  on  spbygmo-  I 
gra|.-hic  traeingf'.  331,  332 

Gall,  on  amntive  function  of  cerebellum,  680;  ' 
on  comparative  development  of  cerebrum,  • 
697  I 

Galhv.'iy.  Mr.  Brooke,  on  unhealthy  influmma- 
tions.  4;'>S  note 

Gam^'ee.  Mr.,  on  effects  of  consumption  of  dis-  : 
ea.-ed   meat,    115;  on   bile.    176;   on  specific  t 
heat  of  blood,  234  :  on  influence  of  nitrites  j 
on  blood,  250  ;  on  rnpidity  of  blood  current, 
341  ;   on  temperature  of  blood,  529  I 

Garcia,  on  falsetto  voice,  8j4  ■ 

Garrful,  A.  11.,    on  active  dilatation   of  heart.  I 
299    notr ;   on    cardiographic    tracings,    301 
)ioti  :  on  sphygmograph,  330  7iotf  I 

Gairod,    Dr.,  on  salines  of  blood    in  cholera, 
209  ;  on  uric  acid  in  blood,  508  ;  on  sweat- 
in-,  524  i 
Gelatin  Commissions,  report  of,  103 
Geltow«»ky,  on  action  of  quinine  on  white  cor- 
puscles, 243                                                           i 


Gendrin.  on  matomtion  of  ova,  894 
Genersieh,  on  lymphatie  system,  2M  wnt; « 

effects  of  movement  on  flow  of  lyapk.  Ml 

vole 
Qenth,  on  oxcretion  of  orie  acid,  508;  of  nhi, 

515 
Gerbor,  on  moleealar  b«M  of  chyle,  211  Mff 
Gerlacb,  on  strnctare  of  kidney,  referred  tt, 

490  notr,  493  ;  on  spinal  cord.  597.  6ol ;  «• 

oerebrum,  688  ttote ;  on  nerves  of  to«eh,n> 

ferred  to,  725  note 
Ghert,  Von,  on  effects  of  exertion  on  rtffin^ 

tton  end  circalation,  374 
Giannnzsi,  on  vomiting,  135  ;  on  prettartn- 

der  which  the  orine  is  secreted.  520  ;  on  *tb- 

pathetic  nerve,  864  ;  on  conditions  affctiis| 

the  secretion  of  saliva.  150;  on  lyB|4utict 

of  glandular  organs,    referred  to.  3M.  oi 

mammary  gland.  970  *»oU 
Gibb.  Dr.  Q.,  on  the  laryngoscope,  referred  ti, 

849  vole  * 
Gilbert  and  Lawes.  Meinrn.,  on  the  mode  of  fU- 

tening  animnls,  432.  433 
Gilchrist,  Dr.,  on  water  dressing,  452  ire(e;«t 

effects  of  section  of  vagi.  376 
Gillette,  on  deglutition,  130  ;  on  trophic  oervii, 

871  vote 
Gillibert  and  Favre,   MM.,   on   peripiratioa, 

522 
Gird  wood,  Mr.,  on  periodical  discharge  of  ota, 

894.  899 
Glaisher,  Mr.,  bis  balloon  aseenU.  323,  394 
Gluge  and   Thiernesse.  on    anion  of  seaeoiy 

with  motor  nerves.  574 
Gmelin,  on  bile,  175 

Gobley,  on  myelin,  87 ;  on  area  in  blood.  2M 
Goethe,  on   development  of    blood-cor*as?:e<, 

251 
Goldstein,  on  effect  of  temperature  on  re*pirt- 

tion,  371);  on  heat  dyspi  oei.  5'{7 
Golgi,  on  fatty  degeneration  of  inu!>cle.  439 
Goll,  on  rapidity  of  flow  of  urine.  4^9 
Goltz,  on  movements  of  intestine.  i;i9  .  nr  !B- 

fluence  of  nervous  system  on  ab«f>r|>tion.  1\' . 

on  action  of  poisons  on  heart,  317  n>-te    •« 

erection,    359  :  on   migration    of  white  eor- 

puscles.  461  ;  on  nervou.-*  centre  i»f  blnddn. 

520,  643  :  on  section  of  seinir:n>ular  caaali. 

659  ;   on  va.«o-motor  riervej*.  s»»y  //..// 
Goltz  and  Frenstberg.  on  the  uteri  tic  crritre.f 44 
Goodra-in,  on  coagulation  of  fibrin.   27h 
Good^ir,  Prof.,  on  absorption  by  intestinal  nlli 

189  ;   on  structure  of  kidney  reiVrred  t*».  4*» 

note ;  on  structure  of  decidua.  905  .  on  \\% 

of  chorion.  903 
Gordon,  on  ventricles  of  heart.  294 
Gorup-Besanez,  v.,  on   |>an<Te:itic  juice.  K^, 

on  action  of  bile  on  starch.  174  ;   on  lyDf-h. 

212;    on    thymus  gland.    226;    on    c<d«riB| 

matter  of  th«  bl<*od,  248  ;   on  C'»Tu|M>'^ilt'>a  i 

the  blood.  252  ;  on  gayest  of  bUtod.  261 .  m 

composition  of  the  bile,  47ti ;   on  urine.  5*2 

on   com{)osition   of  nervous   tt««ue.  5!>9 .  «t 

reaction  of  milk,  974  m.tfi 
Gott.«tein.  on  cochlea,  783 
Giafe,  A.  Von,  on  movements  of  the  eye,  931 

fwtt ;  on  glycogeny,  487 
Qriife,  Prof.    Von,  on   paralysis  of  fiftb   oerrti 

61rt  ;   his  ca*e  of  paralysis  <»f  the  third  oer*, 

747;  his  case  of  removal   of    iris,    74?.  «• 

Calabar  bean,  753 
Gratiam.  Prof,  on  colloids.  82.  190  ;   on  gattrir 

juice,  156,  166;  on  osmosis,  194 
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OrandeaiL  M.,  on  effeotn  of  injecting  nlU  into  i  Hndlicb,  on  oereb«IIom,  674  not^ 

blood.  99.  307  I  Hneckel,  on  protista,  58 

Omndrj,  M..  on  eorpustonla  taotfis.  725  not^.      j  Hafiz,  on  trophic  nerves,  873  710^0 
Oranvllle.  Dr.,  on  beat  of  ateras  in  parturition.    Haighton,  on  nerve  regeneration,  558  nots 

689  ^wte  '  Hale8,  on  nbRorption,  referred  to,  217  ;  on  dy- 

Oratfolet,  M.,  on  snpm renal  capsules,  223;  on        namico  of  oirculntion,  335;  on  the  force  of 

apbaeia,  705  the   heHrt's  eontrnction,    33A  ;    on    rate   of 

OfATea,  Dr.,  on  limit  of  confusion  in   toacb,        blood's  morement  in  c.-ipillaries,  34A 

727  I  Halford.  Dr.  0.  B  ,  on  influence  of  snake-poi- 

Omj,  Mr.  H..  on  structure  and  derelopment       son   on   blood,   269-27A,  288,  291  ;    on   the 

of  spleen,  218;  on  development  of  supra-        movements  and  sounds  of  the  heart,  299,  304, 

renal  bodies,  223  ;  of  thyroid  body,  227  ;  on        305 

faootions  of  spleen,  etc.,  229;  on  blood  of    Hall.  Dr.    G.   Radclyffe,  on   rital  capacity  of 


portal  and  hepatic  veins,  263 ;  on  develop- 
ment  of  eye,  962  iwttt 

Oreen,  Dr.,  on  protracted  lactation,  979  not^ 

Oreenhow,  Dr.,  on  diiiense  in  town  districts, 
386  ;  on  treatment  of  burns.  452 

Oreirory.  Dr.,  his  case  of  suggested  dreaming, 
718  notB 

Ortfhant,  on  gaxes  of  blond,  258,  403  ;  on  vitnl 
eapacity  of  chest,  385 ;  on  amount  of  tidal 
air.  386 ;  on  urea  in  bluod,  511,  512 

Orenacher,  on  muMle.  802  nota 

OriflBth,  Mr.,  on  the  composition  of  milk,  977 

Orohe,  on  spermatoxoa,  H85 

Grooer,  on  formation  of  fat,  433 

Oroai,  M.,  his  case  of  fissure  of  the  sternum, 
953 

Orore,  Prof.,  on  the  correlation  of  the  physical 
forces,  37  note 

Omby  and  Delafond,  MM.,  on  cells  of  intes- 
tinal villi.  190  liottt 

Oriinewaidt  and  Scbroeder.  on  composition  of 
gastric  fluid,  156  ;  quantity  of  gastric  fluid, 
159  nute 

Grunmach,  on  muscle,  802  nota 

Griitsner.  on  secretion  of  saliva,  151  ;  onchem- 
Ifltry  of  contracted  musi'le,  811 

Gieheidlen,  on  quantity  of  blood,  2.32  ;  on  vaso- 
motor centre,  327;  on  origin  of  urea.  512; 
on  albuminuria.  497 ;  on  renction  of  nerves, 
660.  679;  on  muscle.  808  note;  on  sponta- 
Deoos  generation,  8K0  : 

Gabler,  on  relation  between  coloring  matters  ' 
of  blood  and  bile,  477 

Gttillot,  M.,  on  amount  of  milk  secreted,  981 
noie 

Guislain,  M.,  on  influence  of  emotions  on  nu- 
trition, 877 

Gall.  Dr.,  on  uses  of  pleinses  of  nerves,  572 
noie 

OulliTer,  Mr.,  on  molecular  base  of  chyle,  212, 
313  ;  on  spleen,  220  ;  on  thymus  glnnd,  225  ; 
on  red  corpuscles  of  blood,  235,  237 ;  on 
quantity  of  lymph,  referred  to,  216  ;  on  col- 
orless eorpuwles,  242 ;  on  coagulation  of 
blood,  272-274  ;  on  bufly  coat,  276  ;  on  elas- 
ticity of  lungs,  '367  ;  on  temperature  of  ^th,  I 
*  639  ;  on  post-mortem  rigidity,  827  ;  on  fatty 
degeneration  of  arteries,  439  not^ ;  on  dis- 
appearance of  t>permatosoa  in  disease,  886     I 

Oondlach,  on  formation  of  fat,  432  | 

Ganning,  on  vaso-motor  centre,  326  , 

Gonther,  ongangliated  cordof  articulata,  604 


lungs.  385  ;  on  decuMation  of  posterior  pyra- 
mid<>,  608  ;  on  ciliary  ganglia,  617  note 

Hall.  Dr.  J.  C,  on  protracted  gestation,  913 

Hall.  Dr.  M..  on  deglutition,  132  ;  on  action  of 
sphinctertt.  142;  on  circulation  in  acardiac 
fcetus.  349  //&//f/  on  stimulus  to  respiratory 
moveujent,  378  ;  his  mode  of  artiflcial  renpi- 
ration,  407  vote;  on  reflex  action  of  Hpinal 
cord,  636,  642,  644  ;  on  muKCular  ten»<ion, 
648;  on  articulate  sounds,  860  noie;  on 
stammering,  861 

Haller,  on  quantity  of  blood  in  the  body,  232  ; 
on  relative  capacity  of  cardiac  yentricles, 
294  ;  on  rapidity  of  muscular  moveiuents, 
843  ;  on  re8|>iratory  pulse.  354  ;  on  vicarious 
secretion  of  urine.  4H7,  468 

H  illwacbs,  on  hippuric  acid.  509 

Hambert^er,  on  action  of  intercostals,  370 

Uiimmarsten,  on  lymph,  213  ;  on  tension  of 
carbonic  acid  in  blood  and  lymph,  213;  on 
flow  of  lymph,  461 

Hammond.  Dr.,  on  diet  of  gum,  lOl  ;  on  diet 
of  albumen,  102,  495  nofe ;  on  effects  of  al- 
cohol, 118;  on  effects  of  tobacco,  119;  on 
aotiun  of  carroval  on  heart.  316  ;  on  condi- 
tion of  circulation  in  brain  during  sleep.  358  ; 
on  nutrition,  428 ;  on  urine,  600  ;  on  muscle, 
842 

Hampein,  on  albuminuria,  497 

Hanket,  M.,  on  velocity  of  sensory  impulses, 
583 

Hannover,  Dr.,  on  exhalation  of  carbonic  acid, 
393;  on  elimination  of  carbon  by  skin,  525  ; 
on  optic  chiaflroa,  653. 

Uarless,  Dr.,  on  mn.«icolar  contraction,  810 ;  on 
effect  of  withdrawal  of  water  from  nerires, 
580  :  on  effect  of  ether  on  mutor  nerves  and 
on  muscles,  821 

Harley,  Dr.  G.,  on  appearance  of  salts  in  sa- 
liva, 145;  on  quantity  of  saliva,  147;  on 
quantity  of  gastric  juice.  159  ;  on  effrcts  of 
ablation  of  suprarenal  bodies,  223  ;  on  gly- 
cogeny,  483,  488  ;  on  effects  of  strychnia  on 
absorptive  power  of  bluod  for  gases,  826  ;  on 
coloring  matter  of  urine,  512  ;  on  superfceta- 
tion,  916  niAm 

Hartung,  on  the  pneumogastric  nerve,  1.34  noie 

Harvey,  Dr.  Alex.,  on  relative  influence  of  male 
and  female  parents.  920  nou ;  on  influence 
of  fcetal  blood  on  maternal,  920 

Harzer,  on  onmosis,  195 

Hussall,  on  thymus.  225 


on  termination  of  nerve-fibres  in  ganglia,  604  !  Haf>se,  on  spleen,  219  ;  on  structure  of  ear,  w- 

vote  I      ferred  to,  783 

Guttmann,  on  action  of  potassium  bromide  on  1  Hostings.  Dr.,  on  capillary  circulation,  353  ; 

heart,  316  on  animal  heat,  532 

Goy,  on  influence  of  sex  on  pulse,  319 ;  on  in-    Haufi^htun,  Prof  S  ,  on  work  done  by  heart, 

fluence  of  muscular  exertion  on  pulse.  319      |      302  ;  on  work  done  by  muscles  of  re^pira- 
Goyot,  M.,  on  treatment  of  wounds  by  hot  uir,  ■      tion,  373  ;  on  amount  of  work  done  in  and 

462  I      by  the  body,  436,  437  ;  on  excretion  of  urea, 

67 
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bt^b,  50?  ;  on  th«  »ound  accompanjrLiig  mtii- 

encr>£y  of  tnuwi**,  %'d^ 
Rflv^Ts,  on  brmt,  71 

IlH3rg!4rUi,  Dr.,  an  mHalltit  Imetofn,  B7B  ttoiw 
Hertion    Mr.,  oa  »«ai  of  oxidiiUg  pr«c««i«i, 

Hi^idenlif'tiii,  M.,  on  uelb  of  wt^Vit&ry  gtuadft, 

cr«i.t»<^  Cfiilf,  K>il ,  on  reploraliva  erarr«ol»  of 
^Ir^Uifitj,  84.1;  on  t«mpfrntfire  of  h«fiH, 
2]U  ;  on  g%?^9  of  bkail.  3&U  i  on  Rction  of 
vooriira  on  heiirt,  *il7  wufc  ,  on  Tnpo-iUf>tor 
CenlTtf^  327;  on  elruciure  iif  livpf,  472;  un 
prFA9ur»  &t  bi|i«,  477 ,  on  iiettwnof  oene^  on 
hv9t,4S2;  on  kynry  4U:i  ,  uti  ietn|i^riilur« 
of  biftin*  fi2S;  on  unimttl  beiit,  544  mwT.?,  54ft 
fwft :  on  fSjieJioo  of  nurvet^  5ft«  ^  on  Ij**  nf 
inu^eultLr  cootrncslitm,  5ill  j  on  funcLion  «f 
ipim^l  ik^^^^sot;  nert*',  024  nofr ;  on  mu»- 
sitftt,  811  i  lib  itiUioomt^tor,  SlHi  uq  raeo> 
nan  (or  nerves,  8HW 
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Mathieu  and  D'Urbiiin,  MM.,  on  gases  of 
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Plosx.  on  ferment  of  blood.  254  ;  on  albuminous 
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pugar  in  various  parts  of  the  body,  483 
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ovulation.  897  not« 

Prnvat,  on  action  of  compressed  air  on  pulse, 
321 
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Preu85en,  on  the  cause  of  variation  of  sex,  965 

Provost  and  Dumas,  MM.,  on  fertilising  power 
of  spermatozoa,  887  tiote 

Prevost,  on  action  of  veratrin,  820 ;  on  fifth 
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blood,  259  ;  on  Daltonism,  775  note 
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Ritter.  on  notion  of  blood-corpitscles  in  respi- 
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Robin.  M.,  on  development  of  cellii,  59  ;  on 
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Rnge.  on  gases  of  larpre  intestine,  184 
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Ttddt.     M  .  <*S 

Tomes,  Mf..  uu  ^euiufal  of  booo  bj  »!kmiffbtm~ 

4:tS 
Toiu^B«l.   Prot,   on  |nia«0fi*  of  «llt««4« 

pnlM.  ^21 
Tomtii,  on  L^mpb,  317,  2t8;  0m  ta«lil»««f 

*lef,  735 
Tardk,  Vf.nt  on  jiirttelarc  of  fivrt* Hbrv^  ^M  { 
Towne.  Mf.,  on  the  rt«r«o*eop«,  727  mm 

pairlijil  AiniiHm*tii  f»r  tb«  rvUoo,  i<Ms  Tfl 
ToWDSrnd,  Col.,  tut*  ut,  lOJiS 
Tojrnbee,  Mr  ,  nn  iitrii(?|iit**  nf  >  *  — 

to,  4U0  «<i/f ;  cm  Bi«inbrjifin 

n&uMlet.  rt!t7.  7HH 
Traill,  Dr  .  cm  f«t  ia  tbe  bl^ml.  SM 
Tf nobis,    M.»   on    iKJlion    "f  nirli  nle    c-tUi 

hi* Art.  .tiA  Mnf#;  hit  <-• 

tura,  '12S»  Jli40;   r»n  «kt 

on  nrrtil   r "  -    - 

4117 ;   tin  rr 
Tretirinoi,  1' 

2^1 
Trojif  ky,  on  valoelty  of  motor  iwyiilioo  >*S 
TrottfflMii},  M..  on  «Q«ptndo<l  loet«lli»n^  t7l  • 
Trubartt   ou   dgttun    of  poi*0»  9m    lUoH 

tttttf 
Trui«ob«l,  on  affnrftt  of  itomn^li,  1^ 
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TsebauMow,  on  mOTements  of  pigment  eells, 

63 
Tteherinoff,  M..  on  glyoogeny,  484,  489 
Taehesobicbin,  M.,  on  temperature  of  the  body, 

bU,  644 
Torek.  Dr..  on  pathologieal  cbanges  in  epinal 

eord.  AU5 
Torley,  Mr.,  bis  ease  of  ezoeuiTe  sexaal  desire, 

683  ttote 
Tamer,  Prof.,  on  bronchial  system  of  Tessels. 

366 ;    on    arrangement  of   oonvolations   of 

brnin,  686  ;  on  piucenta,  904 
Tyndall,  Prof.,  on  germs  in  air,  411,  450;  on 

•ound.  780,  787  vote 
^yson,  on  glycogeny,  490  no(e  ;  on  kidney,  495 


Unaer.  Prof. ,  on  reflex  action,  636 

Urbain  (D'),  on  gases  of  blood,  258,  259,  260, 

394 
Urbant8ohit«ob,  on  *' Deaf  spots,"  795 
UfohakofT,  on  perimetry,  750 
Uspensky,  on  reflex  action.  635 
Ustimowitsoh,  on  renal  ciroalation,  498 


Valentin,  Prof.,  on  inanition,  123 ;  on  move- 
ments of  stomach,  134;  on  bile  in  feces. 
183;  on  pancreatic  juice,  171  ;  his  estimate 

'  of  amount  of  blood,  232  note;  on  amount  of 
blood  discharged  from  heart,  318  ;  on  rtite  of 
blood's  movement  in  capillaries.  346  ;  on 
erectile  tissue,  359 ;  on  excitability  of  mn- 
oous  surface  of  trachea  and  bronchi,  381  ;  on 
quantity  of  air  respired,  386 ;  on  ontaneous 
respiration,  526 ;  on  post-mortem  rise  of 
temperature,  535 ;  on  glosso-pharyngeal, 
620;  on  roots  of  pneamogastrio,  621;  on 
spinal  accessory,  624;  on  hypoglossal,  624; 
on  cephnlic  nerves  generally,  626  ;  on  olfac- 
tory nerves,  652 ;  on  behavior  of  spinal 
eoitl  in  regard  to  electric  currents,  626  ;  on 
sense  of  touch,  728,  730 ;  on  sense  uf  taste, 
738 
>  Yanlair,  on  stercobilin,  182,  478;  on  pigments 
of  bile  and  urine,  510 

Tanner,  his  estimation  of  the  quantity  of  blood, 
232 

Vanxetti,  on  trophic  nerves,  872 

Vasey,  on  locomotion,  833 

Yerdeil,  on  cemposition  of  ashes  of  blood,  254 

Yerloren,  M.,  on  derivation  of  force  from  fari- 
naceous compounds,  437,  842 

Vernois  and  Becquerel,  on  the  composition  of 
milk.  978 

Yerson.  on  stracture  of  thyroid  body,  227  ;  on 
structure  of  villi,  190.  192 

Yesalius,  on  action  of  intercostals,  370 

Vierordt,  on  food.  111  ;  on  quantity  of  blood, 
232 ;  on  amount  of  blood  expelled  by  ven- 
tricles, 318;  his  heematoohometer,  340;  on 
rate  of  circulation,  319  ;  on  dynamics  of  cir- 
culation, 334 ;  on  rate  of  circulation  in  cap- 
illaries, 346  ;  on  retipiratory  movements,  369, 
384  vole ;  on  amount  of  tidal  air,  386  ;  on 
percentage  of  carbonic  acid  in  expired  air, 
387 ;  on  circumstances  aflr**oting  this,  387- 
393 ;  on  worlc  performed  by  body,  436 ;  on 
spectrum  notation,  478 ;  on  tactile  sensi- 
bility, 728;  on  rapidity  of  accommodation, 
750 

Villemin,  M.,  on  inoculability  of  tubercle,  463 
noit 


Villermd,  M.,  on  influence  of  season  on  mor- 
tality of  children,  548 

Vintsohgau,  on  sense  of  taste,  738  ;  on  conver- 
sion  of  starch  into  sugar  by  saliva,  148 

Virchow,  Frof.  R.,  on  development  of  oonneo- 
tive  tissue,  65  ;  on  myelin.  87  ;  on  lymph, 
212  ;  on  hssmatoidin  crystals,  248 ;  on  con- 
nective tissues,  345  ;  on  giant  cells  of  horn, 
438;  on  fatty  degeneration  of  uterus  after 
parturition.  439  ;  on  inflammatory  processes, 
453-454,  463;  on  the  relation  between  the 
coloring  matter  of  blood  and  bile,  477 ;  on 
corpora  amjlaoea,  486  ;  on  reuruglia.  601 

Vivenot,  on  eff'eots  of  compressed  air  on  heart, 
321,  394 

Vogel,  on  the  urine,  507 

Vogt,  his  cases  of  paralysis  of  fifth  pair,  620 

Voit,  Prof.,  on  defecation,  141  ;  on  action  of 
bile  on  fats,  172  ;  on  quantity  of  bilr.  176  ; 
on  rectal  absorption,  180  ;  on  quantity  of 
biliary  acids,  182,  481  note;  on  fasces.  185; 
on  respiratory  movements,  371  ;  on  elimina- 
tion of  carbonic  acid,  393;  on  elimination  of 
nitrogen,  399;  on  nutrition,  421-425;  on 
uraemia,  497;  on  the  effects  of  coffee,  120;. 
on  origin  of  urea,  505  ;  on  influence  of  coffee 
on  urine,  hX^noie 

Volkmann,  Prof.,  on  sounds  of  heart.  304  ; 
on  amount  of  blood  discharged  from  heart, 
318;  on  rate  of  pulse  in  the  uged,  319  tuAt^; 
on  the  influence  of  stature  on  the  pulse, 
319;  on  dilatation  of  arteries  with  pulse 
wave,  329  ;  his  haemodromometer,  340  ;  on 
rate  of  movement  of  blood  in  arteries.  340  ; 
his  kymographion,  336  ;  lateral  pressure  of 
blood  within  arteries,  336  ;  on  rate  of  blood's 
movement  in  capillaries,  346 ;  on  contrac- 
tility of  lungs,  367  ;  on  discrimination  of 
sensory  impressions,  573 ;  on  spinal  cord, 
605;  on  motor  roots  of  poeumognstrio,  622; 
on  improvability  of  sense  of  touch,  732  ;  on 
phenomena  of  exhaustion  in  muscle,  811 
note;  on  perceptibility  of  different  degrees 
of  illumination,  779,  798 ;  of  temperature, 
798 

Von  Ammon,  Dr.,  on  influence  of  passion  on 
mammary  secretion.  876  vote 

Vrolik,  Prof,  on  double  monstrosity,  444  note; 
on  varieties  in  form  of  pelvis,  994 

Vulpian,  M.,  on  nerves  implicated  in  degluti- 
tion, 131;  on  action  of  woorara  on  heart, 
317  luAe ;  on  vasomotor  centre,  327  notf ; 
on  vasomotor  nerves,  329.  869,  873;  on 
structure  of  capillaries,  345  ;  on  helieine  ar- 
teries, 359;  on  rhythmical  contraction  of 
veins,  355  ;  on  nerve  regeneration.  558  note; 
on  chorda  tympani,  617;  on  glosso-pharyn- 
geal nerve.  62U  ;  on  hypoglossal  nerve.  624 . 
625 ;  on  presence  of  taurocholio  acid  in 
suprarenal  capsules,  480 ;  on  allantois,  937 


Wade,  Sir  C,  his  case  of  trance,  1036  note 

Wagener,  on  muscle,  802  note 

Wagner,  Prof,  on  rhythmical  contraction  of 
veins,  355 ;  on  resections,  448 ;  on  motor 
roots  of  pneumogastric.  622  ;  on  the  cere- 
bellum, 675  ;  on  tactile  papillee,  725,  726  ;  on 
spermatoxoa,  886 

Waldeyer,  Dr.,  on  teeth,  79;  on  development 
of  bone,  74 ;  on  lenon  of  semicircular  cai- 
nals,  658  note;  on  cochlea,  783;  on  ovaries, 
889 


1064 


INDEX   OF   AUTHORS   RBFERRED    TO. 


Wnlker.  Mr.  A.,  on  iDtermarriage,  917  noU; 
on  rigor  mortis.  828 

Wallace.  Mr.  Alf.  RasKell.  on  the  faamt  of  the 
Malay  Archipelago,  1011  tiote' 

Walkhoff,  on  daciu*  arteriosus,  942  note 

Wallace,  Dr.  Claj.  on  adaptation  of  eye  to 
distances,  747  nt4e 

Waller.  Dr.  Aag..  on  migration  of  white  eor- 
puecles,  266,  460 ;  on  effects  of  section  of 
nerves  on  their  structure,  569  ;  on  regenera- 
tion of  nerve  structure,  648 ;  on  influence  of 
symptithetic  on  walls  of  arteries.  326;  on 
effects  of  division  of  the  sympathetic,  867 ; 
on  ending  of  gustatory  nerves,  736  tutte  ;  on 
heat,  546  ;  on  pupil,  759;  on  decussation  of 
the  optic  nerves.  762  tiottt 

Walshe.  Dr.,  on  cancerous  cachexia,  464  note 

Walther.  Dr.,  on  death  by  cold,  535,  538 

Ward.  Mr.  N.  B..  on  post-mortem  movements 
in  cholera  patients,  827 

Wardrop.  Mr.,  on  influence  of  passion  on  mam- 
mary secretion,  876  fiote 

Warnecke,  on  urea.  507 

Wartmano  and  Seebeek,  on  Daltonism,  775 
note 

Waters.  Dr.,  on  the  structure  of  the  lungs, 
363,  364 ;  on  cause  of  respiratory  murmur, 
372 

Walson,  Dr.,  on  absorption  of  vapor,  202 

Weber,  Profrs.,  on  arrent  of  heart's  action  by 
stimulating  pneumogastrics,  309 ;  on  effects 
of  electro- magnetic  current  on  small  arteries. 
326;  on   diiinieter  of   capillaries,   344;  on 
rate  of  blood's  movement  in  capillaries,  346  ; 
on  effects  of  electricity  in  capillary  circula- 
tion, 350  ;  on  erectile  tissue.  359  ;  on  struc- 
ture of  liver,  473  ;  on  perceptivity  of  nerves 
for  beat.  580  :  on  .«ize  of  pulmonary  air-cell.'«. 
365;    on    tootiie    pnpillo).    725;   sensibility,' 
727:    on    afipreoiiiliun    of  weight,    730;    on' 
appreciation  of  tempernture,  730;  on  sensi- 
bility of  tongue,  727.  735  ;  on  special   con- 
ducton)  for  temperature.  731  ;   on  perception  , 
of  .«ound$>,  7W  :   on  elasticity  of  muscle,  812  :  ' 
on   centre   of  gravity  of    the  body,  831  ;   on  ' 
movement?  of  locomotion,  833  ;  on  mechani- 
cal p(»wer  of  muscle,  839;   on  sounds  of  vi- 
brating  reeds.  851  :  on  vesicula  prostatica,  ' 
951  Hot^ :  on  varieties  of  form  of  pelvis,  994 

Weigelin,  M.,  on  excretion  of  urea  after  exer-  , 
tion.  506 

Weikart,  on  urea,  502  | 

Weil  on  action  of  digitalis  in  increasing  reflex  ; 
excitability,  635  i 

Weinmann,  on  quantity  of  pancreatic  fluid, 
1P9 

Weiske,  on  salt.«j  of  bones,  434  j 

Wei??,  on  glycogen  in  muscle,  95  ;  in  liver. 
485-488;  (»n  relative  capacity  of  ventricle? 
of  heart.  294;  on  quantity  of  lymph,  216; 
on  the  rate  of  its  movement.^,  216 

Weissraann.  on  hippuric  acid.  509  | 

West.  Van.  on  rapidity  of  motor  impulses,  582 

Wiederhold.  on  expired  air,  401 

Welcker.  his  method  of  determining  the  quan- 
tity of  blood.  2.32  ;  estimate  of  aerating  sur- 
face in  lungs.  388 

Wells,  Dr.,  on  color  of  blood,  262 

Wells,  Dr.  J.  Soelberg,  on  the  eye,  referred  to, 
748  /f(tfr 

Wenzel.  on  teeth,  79  I 

AVeston,  Mr..  exi)eriment8  made  on  during  ex- 
ercise, 506  I 


Westphalen,  on  quantity  of  bile.  17S 

Wey  land,  on  action  of  Tarions  poisoai  oa  h«rt, 
317  not^  ;  on  mueealar  eontraetion,  821 

Weyrieh,  on  insenaible  perspiration,  387,  4M, 
523  ;  on  tension  of  watery  vapor  in  exyiif4 
air,  400 

Wheatstone,  Prof.,  on  binocular  Tisien.  7t4- 
767;  on  estimation  of  sise,  769:  oa  thi 
pseudosco|>e,  770 ;  on  falaeCto  voice,  S»4 

Wbewell.  Prof.  W..  on  aatigmatism.  753 

White,  Mr.,  his  case  of  reprodnctioa  of  itpw- 
numerary  thumb.  448  ftofs 

Whitehead.  Mr.,  on  menstrual  fluid,  893 

Willan.  on  abstinence,  127 

Willemin,  on  cutaneous  absorption.  203 

Williams  Dr.  C.  J.  B..  on  destruction  iif  bl«e4- 
corpuscles.  267;  on  elimination  nf  b«iM 
poisons,  292  wotf  ;  on  force  required  to  pr»> 
pel  the  blood,  293  note  ;  on  »oondf  of  heut, 
304;  on  venous  circulation.  356;  hifci^ 
ments  on  the  tonicity  of  bl<»odve«seb.  HA; 
on  contractility  of  bronchial  tubes,  3M :  m 
animal  heat.  532 ;  on  death  from  neerwais, 
10:i4  note;  on  proximate  causes  of  dcitk, 
1035  tfou 

Williams,  Dr.  R.,  on  morbid  poisons,  211, 
292 

Williams,  Dr.  T.,  on  the  structure  of  the  liagi, 
363 

Willis,  Dr.,  on  functions  of  cranial  aervci, 
574,  624 

Willis,  Mr.,  his  artiflcial  glottis,  852  ;  on  vowel 
sounds.  859 

Wildon.  Mr.  E.,on  sudoriparoos  glaodiis.  Ul 

Winiwarter,  on  cochlea.  783 

Winkler,  M.,  on  muscular  fibree  of  heart,  892 
fiofe 

Winogradoff.  on  diabetes.  4SS 

Win-'low,  on  relative  capacity  of  ventric'*«  >f 
heart,  294  ;  on  action  of  interc<'«t.il$.  ^T# 

Winterniti,  on  temperature  of  %i.*cera.  b^ 

Wintrich,  on  influence  of  vagu^  on  laD|>. 
367 

Wislicenus  and  Kick.  MM.,  on  excretion  ff  ni- 
trogen by  the  urine,  lUl;  on  sens-iti'm  vi 
heat,  731 

Wistingbausen,  on  influence  of  bile  on  pre- 
mising absorption,  174,  195 

Wittich,  Von,  on  pepsin.  84  ;  on  irflaen^'e  *€ 
syinpalhetic  on  salivary  glands.  1  4*«  oo  fer- 
ment of  saliva,  146;  on  ferment  of  bile  i>. 
on  glycogeny,  484 ;  on  vasomotor  nervsc 
8H9  note 

Wohler.  on  excretion  of  soluble  palt«.  5H 

Woinow,  on  perception  of  color  by  retina.  TT5 
itote 

W«ilf,  on  secretion  of  bile,  176 

Wolf  berg,  on  gases  of  blood.  2.SS  ;  on  re-pirv 
tory  processes,  399 

Wolff,  on  osseous  tissue,  70;  on  developarst 
of  vessels.  933 

Wollnston.  Dr..  on  the  sound  accompanjiag 
muscul.ir  contraction.  812 

Wood,  on  action  of  veratriaon  heart.  317  nau. 
on  the  heat  centre,  547 

Wrisberg,  on  quantity  of  binod,  232  ;  on  vie^ 
rious  secretion  of  urine,  46S 

Wunderlich,  on  evolution  of  heat,  529.  5S1 
on  post-mortem  rise  of  tem{>erature.  5.13.  oi 
local  variations  of  temperature  in  dtseait, 
546 

Wundt.  on  pancreatic  juice,  168  ;  on  action «f 
ox\gen  on  heart,  307  ;  on  influence  of  vaftf 
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on  heart,  309 ;  on  inflaenoe  of  woorara  on  i  Toung.  Dr.  Peter,  on   the  development  of  the 

hMirt.  S15 ;  onelattioity  of  arterieg.  323  7wttt;  i      eye  in  the  ohiok.  962  Mo/tt 

OB  inflaenoe  of  respiration  on  blood  pressure,    Young,  Dr.,  on  fundamental  oolors,  775 

SS9 ;  on  notion  of  intereostal  musolen,  370  ;  j 

o«  eleetrioal  phenomena  in  nerves,  583  ;  on  i 

aztenaibility  of  muscle,  813 ;  on  reaotion  of  i  Zaieslcy,  M.,  on  origin  of  nrinary  constituents, 

moMle  in  rigor  mortis,  828 
Warti,  on  lymph,  213 
Wyn,  0. .  on  biliary  duets,  473  7UH« 


511 

Znnarelli,  on  fat  in  the  blood,  268 
Zander,  on  snoous  enterious,  179 


Wywodtoff,   M. ,  on  lymphatics  of  lungs,  re-  i  Zenker,  on  the  relation  between  the  coloring 
ferred  to,  206,  366  |      matter  of  blood  and  bile,  477 

,  Zeviani,  on  yicarious  secretion  of  urine,  468 
!  ZSIIner,  M.,  example  of  optical  illusion,  771 
Tarrell,  Mr.,  on  afsnmption  of  male  plumage    Zuckerkandl.  on  Eustachian  tube,  789  iwt$ 
by  female,  282  i  Zundt,  on  animal  heat,  537 
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Aberration,  ohromatio  and  gpberieal,  745 

Abortion,  913 

Abscesses,  formstlon  of,  459-403 

Absolote  amount  of  beat  produced  in  tbe  body, 

435 
Abstolute  muscle  force,  839 
Absorbent  Cells,  191,  20ft 
Absorbent  Glandnlss.  207 
Absorbent  Vessels,  I8tf 

Absorption,   general  nature  of  the  function, 
18ft;  organs  effecting,  18ft,  192 
From  Alimentfiry  Canal,  by  Bloodvessels, 
192.   193;    by  Lactenls,   188;    circum- 
stances nffecting  rate  of.  195 
From   Body  in  genttral.  by  Lymphatics, 
200 ;  by  Skin,  201  ;  by  Sanguiferous  sys- 
tem. 193  ;  by  Lungs.  401 
Of  Albumen.  201 ;  of  Fats.  199 ;  of  Salts, 

197;  of  Solid  Bodies,  199 
Of  Vnpors,  202 
Of  EffeU  Tissues,  345 
Abstinence  from  Food,  duration  of  life  under, 

127 
Acardiao  Foetus,  mor9ment  of  blood  in,  349 
Accessory   Nerve,   origin  of,  Oil,  022;  func- 
tions of,  ft23 
Aecommodntion  of  the  Eye,   phenomena  ac- 
companying, 740  ;  action  of  ciliary  muscle 
in,  749  ;  time  required  for,  750 
Acidity  of  Gnstric  Juice,  cause  of,  150 
Acidity  of  Urine,  causes  of,  510 
Arids  of  Bile,  477 

Aconitina,  action  of.  on  heart,  310  note^  317 
Acoustics,  theory  of,  781 
Adaptation  of  the  Eye  to  objects  at  different 

distances,  740-750 
Adipose  tissue,  structure  of,  00  ;  uses  of,  07  ; 
development  of,  07 
.  Adhesion,  reparation  of  wounds  by,  448  ;  sec- 
ondary, 449 
Adolescence,  characteristics  of,  1020,  1020 
JEsthesodio  substance,  029 
Afferent  nerve-fibres,  500 
African  Races,  1000 
After  sensations,  729,  744,  772 
Age,   influence  of,  on   composition  of  blood, 
255  ;  on  rate  of  pulse,  319  ;  on  excretion  of 
carbonic  eoid,  389  ;  on  nutritive   activity, 
417;  on   excretion  of  urea,  502;  on  power 
of  calorification,   530;   on   rate  of  growth, 
909  ;  on  rate  of  mortality.  1029 
Ag^s,  different,  characteristics  of,  1015  ;  foetal 
life.  1017;  infancy,  1019;  childhood,  1020; 
youth,  1025;  adolescence,   1020;  maturity, 
1028;  decline,  1029;  old  age.  1030 
Air.  composition  of,  387  note;  total  quantity 
breathed,  387 ;  effects  of  rarefaction  of,  on 


Man,  394  ;  alterations  in,  by  Respiration, 
387  (see  Rbspiration);  effects  of  insufficient 
supply  of,  404  ;  amount  required,  409  ;  ven- 
tilation of,  409;  effects  of  breathing  impure, 
408-413 

Air-cells  of  the  Lungs,  304 

Air-sacs  of  the  Lungs,  304 

Alalia.  700 

Albinoism,  988 

Albumen,  compounds  of,  81  ;  importance  of, 
in  diet,  104-110;  digestion  of.  103;  feeble 
dialysing  power  of,  197 ;  assimilation  of.  80  ; 
gastric  digestion  of,  157;  pancreatic  diges- 
tion of,  173  ;  normal  proportion  of,  in  Blood, 
253  ;  variations  of,  in  disease,  249  ;  uses  of, 
80,  431  ;  transudation  of,  457,  495 ;  conver- 
sion of,  into  fat,  433 

Albuminous  constituents  of  food.  104  ;  impor- 
tance of  admixture  of,  with  oil  and  starch, 
108;  digestion  of,  158.  100,  173, -181;  influ- 
ence of,  on  excretion  of  urea,  428,  505 ; 
metamorphosis  of,  in  the  body,  435 

Albuminuria.  490 

Alcohol,  quantity  of,  consumed  in  England, 
lift;  injurious  results  of  habitual  use  of, 
118;  rapid  absorption  of^  through  animal 
membranes.  194  ;  its  tendency  to  produce 
fatty  degeneration,  439 ;  on  kidney,  508, 
518 ;  use  of,  in  fever,  541 

Alfourou  Race,  1013 

Aliment,  100.  see  Ptod 

Alimentary  Canal,  development  of,  933,  943 

Alkalies,  effect  of,  on  urine,  510 

Alkaline  Phosphates  in  blood,  254;  in  urine,  514 

Alkaline  Sulphates  in  urine,  513 

Alkalinity  of  Blood,  importance  of,  378 

Alkalinity  of  Urine,  causes  of,  517 

Allantoin,  91 

Allantois,  development  and  uses  of,  937 

Alveolar  passages  of  lungs,  304 

Alveoli  of  lungs.  304 

Amanita  muscaria,  action  of,  284 

American  Races,  ^010 

Amnesia,  700 

Amnion,  development  of,  928 ;  liquor  of,  932, 
938 

Amphioxus,  nervous  system  of,  500 

Amylaceous  substances,  digestion  of,  184,  171, 
179 

Amyloid  substance  of  the  liver,  87,  see  Gly- 
cog^ny 

Analgesia,  041 

Andaman  Isles,  Minoopie  Race  of,  1013  iiote 

Aneemia,  state  of  blood  in,  200 

Ancon  breed  of  sheep,  990  note 

Anelectrotonus,  580 ;  extrapolar  centrifugal, 
588  ;  extrapolar  centripetal,  588 
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Animal  Heat,  528,  see  Ile^t,  Animal 

Antero-hiternI  columns  of  spinal  cord.  628 

Antiarifl  Toxioaria,  action  of,  on  Heart,  316 

Antiperistaltic  action,  nature  of,  133 

Aorta,  development  of,  933-936 

Apefl.  differences  between  man  and,  39 

Aphakia.  706 

Aphides,  multiplication  of,  29 

Apncea.  375 

Apoplexy,  predisposition  to,  266 

Apparatus,  Pettenkofer's  respiration,  414 

Apparent  Death,  1035 

Apyrenoemata,  237 

Arab  Race.  1004 

Arciform  fibres  of  Medalla  Oblongata,  608 

Archtfncephala,  40 

Area  Germinativa,  931 

Area  Pellucidn,  932 

Area  Viimsular,  933 

Areolar  ti.^nue,  63 

Arian  Race,    1002 

Arreft  of  Development,  417;  of  eirculntioK 
apparntuii,  938  ;  of  sexual  organs,  950  ;  of 
the  sternum,  953  ;  of  visceral  arches  of  face, 
958 

Arrow  Poison  of  Borneo,  action  of,  on  heart, 
316  noU 

Arsenic,  action  of.  on  heart,  316  note;  elimi- 
nnti'>D  of.  from  body,  283 

Arseniuretted  Hydrogen,  action  of,  on  Blood. 
402 

Arterial  Blood,  differential  characters  of,  257- 
261;  cause  of  color  of,  261  ;  absence  of,  a 
cause  of  muscular  contraction,  296.  825 

Arterial  Syvtem,  first  development  of,  933  ;  sub- 
sequent changes  in.  938 

Arteries,  movement  of  Blood  in.  323  ;  properties 
ot  cojit.-*  of,  323  ;  irritnbility  of,  324  ;  con- 
tractiliiy.  324;  influence  of  chemical  and 
other  stimuli  upon.  325  ,•  influence  ot  nerves 
upon.  326  ;  elasticity  of,  324  ;  pulsation  of, 
32rt.  329;  influence  of  nervous  system  on, 
32H  ;  hiieral  prrssure  of  blood  in,  336  ;  rate 
of  movement  of  blood  in,  340 

Arthritic  diathesis,  110 

Articulate  Sounds,  production  of.  856,  862; 
vowels.  Sort,  857  ;  consonants,  859 

Artiticial  triottis.  852 

Arytenoid  Cartilages.  845;   movements  of.  845 

Asphyxia,  nature  of,  375;  patholoiry  of.  404; 
in  relation  to  capillary  circulation,  35(>  ; 
death  by.  404  ;  phenomena  of,  406  ;  gases 
contained  in  the  blood  in,  407  note 

Asphyxia.  Cutaneou.-,  526,  541.  542 

Assimil 'tion.  187;  performed  by  Liver,  476; 
by  Absorbent  system,  209  ;  by  Vascular 
glands.  218 

Associated  movements,  830-8:i8 

A>thenia,  death  by.  1034 

Asthma,  spasmodic  contraction  of  bronchial 
tubes  in.  366 

Astiifmatism,  753 

Atavism,  918 

Atlantidte.  1003 

Atrophy.  445 

A  tropin,  action  of,  on  heart,  316  note. 

Attention,  effect  of.  on  acuteness  of  Touch, 
732;  on  Ta>«te.  740;  on  Smell,  742;  on  Vis- 
ion, 779;  on  Hearing.  795 

Attention.  Expectant,  production  of  Move- 
ments by.  878  ;  influence  of,  on  Organic  func- 
tions. 870 

Auditory  Ganglia,  611,  649 


Auditory  Nerves,  654  ;  ultimate  distribitioi 
of.  782 ;  effects  of  section  of  658 

Automatic  activity  of  Spinal  Cord,  63'V649: 
of  Sensory  G«nglia.  649-673 

Axile  Bodies,  of  tactile  papilUe,  735 

Axis,  Spinal.  597 

Azygos  Veins,  940 


Balance  of  vital  economy.  421-440 ;  tee  Vkal 

Bconnmv 
Barium,  action  of  salts  of,  on  heart,  316  nau 
Basque  Race.  1002 
Beer,  as  a  beverage,  117 
Berber  Race.  1004 

Bile,  secretion  of.  by  hepatic  eells.  4^9.  47A; 
excrementilioas  character  of, 481 :  eMeatiillj 
formed  from  products  of  disintegratioa.  to4 
in  and  by  the  liver  it«elf.  480 ;  hat  partly 
from  newly  absorbed  materials,  481 :  it*  rt- 
lation  to  fatty  and  albuminous  enmpoaadi, 
481 ;  action  of  calomel  on,  482 ;  infoenec  «( 
nervous  system  on.  482 ;  Tiearioat  seervtiea 
of.  469;  composition  of.  476;  qa«ntitj  eC 
175  ;  its  uses  in  dis^estion.  174  ;  aids  the  ab- 
sorption of  fat.  174;  antiseptic  properties  o( 
174;    its   reabsorptton  from  intestine.  li^S. 
482;  spectrum  of.  478,  479;  origin  of  rhisf 
constituent*  of,  481;  its  preMBoe  in  fseet, 
183,  481  MOU 
I  Bile-pigment,  477 ;  its  panagn  into  aiint,  478 
,  Biliary  eells  470.  473 
I  Bilifulvin,  477 
!  Bilifuscin,  477 
I  Bilihumin,  477 
Biliprascin,  477 
Bilirubin.  477 
Biliverdin.  477 
Blastoderm.  925.  931 
B.ind  per.*(ons.  acuteness  of  touch  in,  73?.  io* 

provement  of  hearing  in,  795 
Blood,  general  character  and  purpo«e«  «f.  t^  . 
quantity  of.  231  :   urea  in.  231.  2-"?3  :  ten- 
perature   of.  in   various  parts.  233;  coinr 
of,  233  ;  specific  heat  of.  234  ;  niicrn.«cft|»ie»l 
characters  of.  234  ;  crystals  of.  244;  "pee- 
trum  analysis  of,   248  ;  pneumatology  oC 
257 
Comp'sition  of  in  Ileatth,  252  ;  modifi<>atioB 
of.  by  age,  255  ;  by  sex.  255  ;  by  fo^d  ao4 
drink.  256  ;   by  lo.*s  of  blood,  257  ;  differ- 
ences of   Arterial  and   Venous.  257;   pe- 
culiarities of  portal  blood.  258.  26 1.  •« ; 
I  of  me>enteric  blood.  263  ;  of  splenic  blnol. 

257,  263  ;  of  hepatic  vein,  264  ;  of  renal 
vein.  2^4 
i  Composition  of,  in  Disrate,  264.  270  ;  inereMt 
of  fibrin,  265  ;  diminution  of  fibrin.  J<5. 
increase  of  red  corpuscles.  266  ;  dimioatioa 
of  red  corpuscles,  267  ;  Incre.'vseof  coloHe« 
I  Corpuscles.  267  :  diminution  of  alhnniea. 

267  ;  increase  of  fatly  matter.  26«  ;  altered 
;  proportion  of  salt.*,   269;   of  water,  Vtf , 

presence  of  poisons  in.  283 
I  Corpnsfles  of,  Re/i ;  form.  site,  and  aspect 
of.  235  ;  composition  of,  235  ;  Inflnnaeeof 
reagents  on.  235,  236  ;  tendency  to  agn^ 
gation  of,  240;  production  and'disintegra* 
tion  of.  250  ;  embryonic  development  oC 
251,  936;  subsequent  development  ^C 
from  lymph-corpuscles,  252 ;  change  of 
color  in,  by  respiration,  262  ;  their  a«ei 
279 ;  variations  in  amount  of,  in 
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2ff6  ;  mutaal  attraction  of,  in  congulation,  t 
240,  270  i  adhesion  of,  to  walls  of  vessels, 
360 
Corpuseha   of,    Cotoriess ;    form,    siie,    and  I 
ai<pect  of.  241  ;  |>eculinr  movements  of,  in  I 
CO  pi  Maries,    241  ;    action   of  rengents   of,  1 
242  ;  numerical  proportion  of,  to  red,  243  ;  | 
development  of.  into  red.  251  ;  their  uses, 
279 ;    their   variations   in   number,    244 ; 
multiplication  of,  in  disease,  267 
Pr^fsur^  of.  against  arteries,  326,  338 
Properlif*  of  PhysiraL  233 
PrtijirrtifS  of   Vital.  270  ;  conguliTtion  of  (see 
Codguhtton),  270  ;  uses  of  fibrin  of,  278; 
uses  of  corpuscles  of,  279  ;  uses  of  futtj  ' 
constituents  of,  67,  433 ;  uses  of  inorganic  | 
components  of,  434  ;   purification   of,  by  j 
ex  cretor  J  processes.  466  ;  competition    of: 
determines  modes  of  nutrition,  280  ;  Life 
of,  280;  self-maintjiining  power  of.  283; 
elimination  of  poisons  from.  283-285  ;  cnn- 
tnminution  of,   by  morbid  poisons,   286-^ 
292  I 

Itat«  of  Propvhion  of  by  heart,  318 ;  rate  i 
of  movement  of.   through  arteries,   340 ;  | 
through  capillaries,  346 ;  through  veins,  i 
353 
Blood-relations,  elTects  of  marriage  of.  919        ; 
Bloodvessels,  Absorption  by,  from  alimentary  ' 
canal,  192,  194;  from  body  in  general,  200;  ' 
influence  of  state  of,  on  oongulntion  of  con-  ! 
tained  blood,  274  ;  see  Arteries,  Capillaries^  ' 
Veins  I 

Bone,  structure  and  growth  of,  70-74  ;  Braohy- ; 
cephnli.  1001  7ioie  ^ 

Borneo  arrow  poison,  action  on  heart,  316  note 
Brain,  of  Man,  compared  with  that  of  Apes, 
53;  arrangement  of  convolutions  of.  52-55,  ' 
686 ;    development  of.  960  ;   see   Cerebrum,  ' 
Ctiehellum.  and  Sensory  Ganglia 
Brunch tal  Arches,  936 

Bread,  bnd  economy  of  exclusive  diet  of,  105 
Breeds  of  Animals,  originntion  of  new,  996 
Brigbt's  disease  of  Kidney,  495  ;  state  of  blood 

in,  268 
Bromide  of  potassium,  notion  of,  on  heart,  316 

Bronchial  tubes,  structure  of,  363  ;  contractil-  j 

tty  of,  366  ;  vessels,  366 
Bronzing  of  the  skin.  223 
Brunners  GInnds,  177 
Brunnonian  movements,  57 
Buffy  coat  of  blood.  276 
Buibu^  arteriosus,  940 
Bushmen,  of  Southern  Africa,  1009 


Cadaveric  rigidity,  827 

CaiTein,  action  of,  on  heart.  316  //of« 

Calabar  bean,  action  of,  on  heart,  316  iiate ; 
effect  of  solution  of,  on  eye,  753 

Calcutta,  black  hole  of.  407 

Calomel,  action  on  liver,  482 

Calorifying  Power,  sources  of,  541,  545 ;  see 
Ihat 

Calory,  definition  of,  544  note. 

Camp  Sumter,  state  of  prisoners  in,  125 

Cancerous  growths,  464 

Capacity  for  progress,  a  cbarncteriFtic  of  Man, 
56 

Capllttries,  structure  of,  343,  344;  diameter 
of,  344  ;  arrangement  of,  346  ;  rate  of  move- 
ment of  blood  through,  346 ;  its  variations, 


347  ;  its  independence  of  heart's  action,  348 ; 
its    regulation   by   conditions   operating   in 
capillaries  themselves,  348-^^52;  influence  of* 
nervous  system  on,  352 ;  influence  of  shock 
on,  353 
Caput  comu  of  the  gray  substance  of  the  spina] 

cord,  structure  of,  599 
Carbonic  Acid  and  oxide  gases,  action  of,  on 

heart.  310  note 
Carbonic  Arid,  in  Blood,  258.  259;  sources  of 
production  of,  in  system,  311,313;  action  of, 
on  heart.  316  nt^e ;  its  exchange  for  oxygen 
in  respiration,  387  ;  circumstances  affecting 
quantity  generated,  388,  392 ;  carbonic  ox* 
ide,  action  of,  on   heart,  316   note;  seat  of 
origin  of.  397  ;  extraction  of,  from  skin.  395  ; 
elimination  of,  in  atmosphere  of  nitrogen  or 
hydrogen,  396 
Cardiac  plexus  of  Sympathetic,  863 
Cardiograph,  301,  302 
Carnivorous  animals,  excretions  of,  420 
Curroval,  action  of  poison  of.  on  heart,  316 
Curtilage,  structure  and  growth  of,  68 
Casein  of  Milk.  83,  976 
Castration,  influence  of,  on  growth  of  hair  and 

horns,  282 
Catalepsy,  cases  of,  1036 
Cathelectrotonus,  587  ;  extrapolar  centripetal, 

588;  extrapolar  centrifugal.  588 
Caucasian  Race,  988,  1001  ;  variety  of  color  in, 

989 
Cells,  structure  and  mode  of  increase  of,  58 
Cells,  pavement  or  tessellated,  60 
Cells,  columnar  or  cylindrical,  61 
Cells,  spheroidal,  61 
Cells,  chalice,  cup,  or  goblet,  62 
Cells,  pigment,  62 
Cells,  nerve,  553-557 
Celtic  Race,  1002 

Cephalic  (ianglia  of  Invertebrate.  561 
Cephalic  Nerves,  general  character  and  rela- 

lions  of,  615 
Cerr.belhim,  peculiar  to  Vertebrata.  673  ;  struc- 
ture and  relations  of,  673;  relative  develop- 
ment  of,  in  different  animals,  674  ;  results  of 
experiments  on,  675  ;  pathological  phenom- 
ena of,  677 ;  functions  of,  679-685 
Cerebrin,  86 
Cerebro  spinal  fluid,  694 
Cr.iehroSpiiittl  System,  see  Nbryous  System, 
Cf-rebeilnm,  Cerebrum,  Medulla  Oblongata, 
Setifory  Ganglia,  Spinal  Cord 
Ceiebrnm,    peculiar   to  Vertebrata,  56.3,  685  ; 
arrangement  of  convolutions   of,   52.   54, 
686 ;  structure  of,  686  ;   its  inferiority  in 
lower  Vertebrata,  696;  its  relative  size  in 
different  animals,  693;  its  vast  predomin- 
ance in  Man,  693 ;  its  anatomical  struct  ure, 
686-692;    its   weight,  693;   its   supply  of 
blood,  693;  lymphatics  of,  693  note;  de- 
velopment of,  961 
Functions  of,  694  ;  its  relation  to  intelligence 
as  contrasted  with  Instinct,  695  ;  electrical 
excitability  of  hemispheres,  698  ;   Hitzig's 
experiments  on,  698 ;  Ferrier's  experiments 
on.  699  ;  motor  centres  in,  699-701  ;  effects 
of  its  removal,  703;  information  deducible 
from  its  pathology,  703  ;  its  functional  con- 
nection with  Sensory  Qanglia,  707 
Cervix  cornu  of  the  gray  substance  of  the  spinal 

cord.  599.  600 
Chalazse,  924 
Chalice-cells  of  lungs,  363 
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CbvQge  of  tiii^tUr  ret|utrvtl  far  perfeirniiLnQfl  of 

OrfHnio  raDGttonii.  4 IS- 12 1 
Childhood,  ohnruetorbticA  uf,  1020^  dluMesof^ 

1020 
CbirnptinEefi,  eompirijion  of,  wtth  MiiD,  41-&4 
Chloridfl  of  Siidiuiii  iu  blood,  3&4{  in  urino, 

CbloroforlUt  aotiun  of,  on  h«art,.  5lft  i«oii'ff 
Chiorojtit,  jitate  of  blugd  m^  2i^K  ^  treittmenl  of, 

2»VR  /i^/fjt 
Cburdrt  durfiJills.  W&l 
ChoEepyrrbin.  -17^ 

Chaieru,  fliiiU  of  bl«od  In,  Sfifi  ;    Influencft  of 
piltreFQoot  fiiod  in  devebiplngT  11^-124  ;  ip- 
fl nettle  of  iiatiQrfrot  rBaptration  in  d«Vel(ip>^ 
iog,  JWJMIM 
Cho9«>.trriii,  07;  In  Bn^  477;  in  BUnd,  253 
Cbrilic  Acid,  n,  477  ;  Cbol«le  Add,  477 
Cholin.  8tt 
Chundrm.  85 
CburdiB  VooaIci,  rvgulation  of  their  ietkiloQi 

B4h~HAl  ,  DiLture  of  tlmir  udtiun,  &fi0 
Churtovt,  furiniatiuii  of,  Sri^ 
CbroiDfttk  AberrAlion,  745 
Chyle.  cmnpHJeition  of,  213  ;  iiai<^ro««opiQ  ohir- 

iictflrpr+t  ^(1  21-1  ;    uiJ>iidtliitLaii  of,  f  t& 
Gbjriuo,  rormntjon  of,  bj  digegtWg  praoe^t^  167 
CicntrimiU.  U2^ 

Cicalrri»LitiD,  proeeu  of^  44U-463 
CiUnTj  punglion,  617 
Cilinrir  muveoietit,  WOO 
CtHnry  luusel*,  function  of,  749 
CiJio  a^^iniirl  odtiLrv,  4^43 
Cinchoninii.  action  of,  on  HeAtt,  318  wcif*' 
CiitcLT|,4TiO!J.  trM2  i  geiisfiil  pi  (in  of,  292,  2»S ; 
wetiiin  of  li^ari  io,  2!>3-;J22  (seo  Hiwf/J  ; 
Atidon  of  Art^riei  ii».  2V*H-^rtU   (^pe  Ant- 
ritw't  I  n^clion  of  Cjipilbirirs    iri,^    ^4!^    (Kee 
Ctjfitifanf:f]  ;    aolloQ    of   Veio«    in,    353- 
>t57  (tee  Fw^Mj 
P«cu1mritj   of,  Id   Craoiiim,  357*   Onfl ;    in 
Liver,  6b7  ;  la  Latigij^  :U7  ;    id   EriKtile 
tUfiupi,  358 
In  Fu^u*.   enrly   typ*  of*  933  ;    ehanf *  in 
ptaii  of,  VMi  plan  of*  fa  m»ltire   fcieLMj, 

CirtURAtioti.  ltifl(iBDe«  of,  on  fortu  of  sball, 
OU*!  i   on  b«dj  in  gene rn J,  9© a 

Cltireijjont,  kiidpolaoning  at,  116 

Clo^nen,  iM7 

CD,ihg;tjliible  L^'inpb,  effitfled  for  f epurotiont  4£>(l^ 
)U  mtljimujiiUioti,  4^7 

CmrgithtmH  tf  B^wid.  270  ;  esiwntmtly  due  to 
WJlidifioiitiQii  of  rtbrio.  270  ;  im  act  of  iritnl- 
ity.  371  J  ocoji^totm^  diffli'ienoj  of,  272;  re» 
tardMtioti  of.  273f :  effrct  of  eiteroml  Inflo- 
vnces  on,  272  ;  loAofnois  of  re«t,  273  ;  Itidu- 
«tiee  of  WMTintli,  27:^  \  effect  ofneutml  stilts, 
27^;  cfffot  of  exeliitmn  of  ntmniipbere.  27;i ; 
induenee  ut  depre^aed  viulUjf  or  deiith  of 
Tejiirrls,  274  }  iodurncD  of  udmixEure  of  dead 
miitteT,  274;  viirying  proportions  of  «erum 
find  elut,  276;  fGrmatioa  of  haffT  ooMt  in, 
27fJ 

Coecygtiil  gland,  227 

Coehkft,  Hruotare  of,  784 1  fonetiont  of,  791 

Cocblejir  ner%e,  distribution  of,  7S4 

Cob  lino  ganglia,  ^ffedtfl  of  extirptiillon  of,  163 

Ooff«i^,  eompoiition  of,  ISO  ;  effecti  of  ma  of, 
120,  aiH 

Coition,  abartt  of  Mutt  in,  887  ;   of  Ftmitle, 

Cold,  inftrntnut  ot,  wi  tonltU^  ot  m^tIw,  331  ^ 


power  of  reiiating,  Fftrtatton  of.   mXlh  %^ 

5M6  ;    pofr^r  of  generating,  iil^  }  de«(h  hf, 

53^,  i>40.  1034 
Culliigvn,  m 
Colloidf,   prop«rlies  of.  83,  \^t ;    diffution  ol, 

106 
Colon,  a««  of  ffaeeulf  <^f  141 
Colortrum.  ^75,  976,  97S 
Color  of  Blood.  ohtmg*»  ot  231,  233,  21*.  Ml 
Color  of  Skin,  variation  of,  in  Man,  939^7 
ColorA,  wAnt  of  powcir   to  diMritainate.  ITS 

production  of  ootoplomFtitiirir.  775;    mtidili 

ciittuii  af,  bj  jiiKiitpositiuti.  771 
Colorless  corpnpol«>  24  X  :  »*■»  Bhitftd 
Comniiftstires  of  Cerebratn,  (197  ',    abMBCf  (if, 

704 
Complemental  Nntritlon,  do^Irioe  of,  282 
Ooinplen)«ntarj  Color*,  773 
Conc«ptinn,  act  of,  009 
Cond notion  of  *oooroui  ftbrtttions,  TSS 
Oooge«iion.  re  no  as.  cim{if«9  of,  366 
Conin,  acLloo  of,  on  heart,  317  ntft*' ;  on  fbtitof 

nerref,  821 
Con neo live  tisAueR,  63,  295 
CoDicloutiivB?,  fe«t  of.   In   Seoitirj    Qanfllr 

656 
C.in,wn>»tl»l  fnoTeroent*,  649,  6&JI 
Con9tltueot«  of  body,   proportion   of,  io 

other.  421 
ConTernlonf  of  Relief.  77p 
GonvojuttoniT  of   B  »in,    arrnngftttieal  of,  £2, 

68«  ;  funeiloiiR  of.  ^^H 
Cw-ordiniitlon    of    Motemenu.     the    prohibit 

fanntlon  of  tb#  C«r«bellnm»  674-679  j  mHu- 

enpe  of  habit  on.  S29 
Cord,  Spinpil,  «truetura  of,  597-60!^;   m  a  <*»* 

doctor  of  motor  impnlaet  and  Mntorj  iia 

preiflioDf,  627 ;  m  fto  ledvpendont  ovi^trc, 

mt 

Coronnrr  Arterivfl  of  Heart,  tlfe^tiof  tlgalnn 

of,  297 
Corpom    Amylaeea,    of  Virehow ,    48^6 .    lint' 

pif^biana,    of  Kidney,  492-404;  of  Sp[t«B, 

219.  2;r9 
Corporo  Olirjirin,  606 
Corporii  Pyrsioiidnii)*.,   60ft 
Corpfjira  Quadrigeuiina,  (^19;   their  funntw^ff. 

6ft7 
Corpora  Re^tiformia,  A06,  64S 
Corptim  StriHia,  6.M» ;  f^nolion*  of.  65^,  ^yj  , 

oof  inaction  of.  with  Corehruin,  601 
Corpora  Wulffians,  046 
Corpus  CrilloinM,  69),  697;  oaeci  of  deide«e/ 

of.  704 
Corpus  I>enlritum,  674 
Corpus  Luuum,  fnrniation  of.  896 
Corpuscl«A   of    Bloodi    r«d,   33d,    241;  vtitl% 

24t  ;   fee  Mimd 
Corpu»cle5  of  C  fay  I  fl.  fit,  215  ;  their  ti«Aifor> 

tnAilon  Into  blood -oorpuNi: I »««  21  &,  MS 
Correlation  of  forca,  doc^triua  of,  37  mah* 
Couf  bing,  nci  of  38 E ,  332 
Cntnial  rertebfa^,  956 
Oranio^^pltiaJ  Axif»  Ibv  fund&iti«nt&]   portipn 

of  the  Ct<rebny.jrplnfil  Syvtent,   &W7  ;  tle*»l(H»- 

ment  of  U59  ;  «ft«  Medtti/ji   OMutt^uU  aud 

Sfffftai  Coni 
Cranium  of  I4rm,  coenpfired  with  Ihitof  Ap««» 

43-52 ;    peci^JUrlly  of  eiroalotion  In.  3^7^ 

603 
Or»i9«En«ntoiD.  234,  170  ,  proportEoft  of  to  ft- 

Creiiltn  a  ad  Cr«jill&ln,  83,  S9,  &10 
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Critical  •▼Maiitions,  619 

Onirm  Cerebri,  motor  and  sensorj  tracts  of, 
614 ;  effects  of  section  of,  661 

Cmorin,  249 

CrjiDg,  act  of.  382 

Crystals  of  Blood,  244,  248 

OrysUlliD,  86 

Crystalloids,  properties  of,  196 

Cop  cells  of  Inngs,  363 

Carara,  its  etTects  on  mnsoles,  821 ;  on  pan- 
creas, 169;  see  Woorara 

Cntaneoas  Asphyxia,  542 

CntaneoQS  Re«piration,  626,  641 

Cntsneous  Transpiration,  465-458 ;  see  Sudo- 
riparous  Excretion 

Cystin,  91 

Cysts,  piliferons  and  dentigeroas,  444 

Cytodes,  58 

Cytoplasm. 


Daltonism,  776 

Datoria,  action  of,  on  Heart,  317  fiote 

Deaf  and  Dumb,  667,  919 

Deafspots,  795 

Death,  the  necessnry  consummation  of  Life, 
1031  ;  somatic,  1032;  molecular,  1 032;  ap. 
parent  and  real    1036;  signs  of,  1036 

Decidua,  formation  of,  902 ;  its  ibare  in  for- 
mation of  placenta.  904 

Decline,  period  of,  1029 

Defecation,  act  of,  142,  644 

Degeneration,  continaal,  of  liTing  tissues,  415; 
of  mucde,  438 ;  of  bone,  438 ;  of  teeth,  438 ; 
increased  tendency  to,  in  inflammation,  454 ; 
of  lymph  and  its  products,  458 

D^generotiou,  Calcareous,  1030 

Degefuration,  Fatty,  439 ;  favored  by  habitual 
use  of  alcoholic  liquors,  117,  439;  tendency 
to.  during  period  of  decline,  1030 ;  of  Uterus, 
439,  912 

Deglutition,  act  of,  129  ;  nerves  of,  131 

Delphinin,  action  of,  on  heart,  316  note 

Difntition,  first,  75;  second.  1023 

Depressor  nerve  of  Heart,  313 

Determinations  of  Blood,  local,  causes  of, 
347 

Deutencephalon,  development  of,  961 

Development,  a  source  of  demand  for  nutrition. 
416  ;  its  difference  from  growth,  417 ;  arrest 
of.  417.  940.  950.  953,  958;  period  of.  1017 

Development  of  Embtyo,  general  plan  of,  922 ; 
earliest  stages  of,  924  ;  segmentation  of  yolk, 
925;  rotrition  of  yolk,  931;  formation  of 
Blastodermic  vesicle,  931 ;  foundation  of 
VertebrnI  column  and  Nervous  centres,  927, 
932;  development  of  Amnion,  928.  932; 
first  appearance  of  Vessels,  929 ;  Vitelline 
vessels,  933 ;  Umbilicnl  vessels,  933 ;  He- 
patic vessels.  934 ;  Ductus  venosus,  935 ; 
Heart  and  Arterial  system.  935;  Allantois, 
937 ;  second  form  of  circulating  system, 
938 ;  Bulbus  aorticus  and  aortic  arches, 
939 ;  Venous  system,  940 ;  Alimentary  canal, 
943 ;  Liver,  944  ;  Spleen  and  other  vascular 
glands.  221;  Lungs,  946;  Urinary  organs, 
946;  Oenerative  apparatus.  948;  Mammary 
gland,  972 ;  Skeleton,  951  ;  Vertebral  col- 
umn,  953 ;  Skull,  955  ;  Nervous  centres,  960  ; 
Eye  and  Ear,  962.  9()3  ;  organ  of  smelt,  964  ; 
of  the  Extremities,  964 

IMapedesis  of  red  corpuscles,  459 

Dierotous  Pulse,  331 


Diet,  Animal,  104 ;  Vegetable,  105 ;  mixed, 
105;  uf  trainers,  114;  different  scales  of, 
112;  influence  of,  on  composition  of  Blood, 
256 ;  on  Respiration,  389 ;  on  Excretion 
generally,  421 ;  on  composition  of  Urine, 
603 

Diet  scales,  various,  112 

Digestion  : 
Bttecfti,  147 

Gastric,  a  process  of  chemical  solution,  151, 
157,  163;  time  required  for,  164;  action 
on  acoticed  substances,  165 ;  influence  of 
various  conditions  on,  166 
Intestinal,  influence  of  pancreatic  fluid  in, 
170  ;  of  bile  in,  173 ;  of  succus  entericus, 
177  ;  its  universal  eflBcacy,  179 

Digitalis,  action  of,  on  heart,  316  note,  317 

Dingo,  Australian,  breeding  of,  9St6  //of« 

Direction  of  sounds,  judgment  of.  795 

Direction,  visual  sense  of,  762,  778 

Direction,  Centre  of,  762 

Discus  proligerus,  890 

Disdiaclasts,  803  note 

Disintegration  of  Tissues,  415,  438 

Distance,  adaptation  of  eye  to,  746 ;  visual  ap- 
preciation of,  766  ;  auditory  appreciation  of, 
795 

Diuretics,  effect  of,  on  urine,  519 

Diurnal  Variation,  of  pulse,  32 L ;  of  respira- 
tion, 390  ;  of  temperature,  530 

Dolicbocephali,  1001 

Dormant  Vitality,  26  vote 

Dreaming,  709,  713.  716 

Drink,  water  the  natural.  116  ;  influence  of.  on 
composition  of  blood,  256  ;  effects  of  Alco- 
holic, 116,  119,  439 

Dublin  Lying-in  Hospital,  mortality  in,  412 

Ductless  Olands,  structure  and  functions  of, 
218,  230 

Ductus  Arteriosus.  940,  942 

Ductus  Cuvieri,  940 

Ductus  Venosus,  942 

Duration,  relative,  of  different  parts  of  the 
Organism,  438 ;  of  after-sensations,  729,  730, 
771 

Duverney's  Olands,  895  note 

Dyspnoea,  causes  of,  376 


Ear,  external.  794 ;  meatus.  794,  middle,  786  ; 
internal,  786 ;  development  of,  963 ;  see 
Hearing,  Organ  of 

Earthy  Phosphates  in  urine.  500   514 

Economy,  balance  of  vital,  421 ;  see  Vital 
Erottomy 

Effective  energy  of  various  compounds  when 
consumed  in  the  body,  435 

Efferent  nerve  fibres,  557,  571 

Egesta.  chemical  composition  of,  for  one  day, 
423 ;  relative  proportion  of.  discharged  by 
different  excretory  organs.  423,  424 

Ejaculatio  Seminis,  888;  its  independence  of 
sensation,  643 

Elastic  Tissue,  65 

Elastin.  85 

Elasticity  of  Arteries,  324  ;  of  Veins,  350  ;  of 
Lungs.  367  ;  of  walls  of  Chest,  372  ;  of  Mus- 
cular Tissue,  812 

Election,  seats  of,  280 

Elrrtiicitif,  Evolution  of,  in  living  body,  550; 
connection  of,  with  nutritive  and  secretory 
operations,  551  ;  Muscular  current  of.  813; 
disturbance  of,  in  muscular  contraction,  815  ; 
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NerToas  current  of,  583 ;  diptarbanoe  of,  in 
nervGua  action,  584 

Electricity,  Influence  of,  on  coagulation  of  the 
bKood,  272  ;  on  heart,  307 ;  on  arteries,  326 ; 
on  mesooephale,  661 ;  on  brain,  698-703 ;  on 
nerves  of  special  sense,  724 

Electrotonus,  585 

Embryo,  development  of,  921  ;  see  Developing. ft t 

Embryonic  life,  peculiarities  of.  1016 

Bmetin,  action  of,  on  heart,  317  tiote 

Emmetropia,  751 

Emigration  of  white  corpuscles,  459 

Emotions,  excitation  of,  by  muscular  sugges- 
tion, 706 ;  their  action  on  organic  functions, 
875;  influence  of,  on  stammering,  861 

Endosmometer,   194 

Enteric  fluid,  digestive  power  of,  177 

Epidemic  Diseases,  predisposition  to.  in  state 
of  Blood,  285;  from  putrescent  food,  115, 
124  ;  from  putrescent  w.-iter,  116;  from  alco- 
holic liquors,  118;  from  starvation,  125; 
from  insufficient  respiration,  408. 

Epithelial  cells  of  Skin,  serous  and  mucous 
membranes,  60;  of  salivary  glands,  144  ;  of 
gastric  follicles.  152;  of  Villi,  61,  187,  191 

Epithelial  tissues,  exuviation  and  replacement 
of,  438 

Epithelium.  60. 

Epithelium,  ciliated,  61 

Epithelium,  columnar  or  cylindrical,  61 

Epithelium,  cup.  62 

Epithelium,  goblet,  62, 

Epithelium,  ribbed,  61 

Epithelium,  spheroidal.  61 

Epithelium,  regeneration  of.  449 

Epithelium,  tessellated,  60 

Erectile  tissues,  circulation  in,  358 

Erection,  nerves  influencing,  358,  359 

Erect  Vision,  cause  of.  761* 

Ergot,  action  of,  on  Heart,  317  note 

E:<quimaux  Race,  98^  ;  pyramidal  skull  of,  992 

Ethiopian  K.iee,  1006 

Eupnoea.  375 

European  Nations,  1002 

Eu{<kari:in  Lingunge,  1002 

Eustachian  Tube,  functions  of,  788 

Eustachian  Vjilve,  uses  of,  941 

Exvitu  motor  Actions  of  Spinal  Axis,  633; 
their  imiependence  of  sensation,  637-640: 
thfir  adaptive  character,  640;  their  relation 
to  the  Organic  function,  642;  their  subser- 
vience to  locomotion,  646;  their  establish- 
ment by  habit,  646.  | 

ExcKETioN.  general  nature  of,  465;  sources  of  I 
demand  for,  465;  stsitics  of,  466-469;  com  I 
plementary  relation  of  difl'erent  modes  of,  ■ 
466,  467  ;  forms  of,  468 

Exercise,    influence    of,    on    excretion  of  car-  ' 
bonio   acid.   390  ;    on  composition  of  urine. 
504  ;  on  temperature  of  body,  531 

Exhalotion  of  aqueous  vapor,  from  Lungs,  400  ;  | 
fr«iru  Skin,  524:  from  dead  body,  526;  frigo-  ! 
rifio  eflect  of,  5.i6  i 

Exhau.stion,  Mu.<*cular,  laws  of.  823 
Causes  of  Death  by.  540.  54.S,    I0:i3 

Expectant  attention.  870,  878 

Exfiiration,  movements  of,  371  ;  force  required 
for,  :>72 

Externality,  elementary  notion  of.  673 

Extractive,  (.f  Blood.  2M.  255;  of  Urine,  510 

Extrauterine  l<iMati<»n.  898 

Exudations,  reparative,  450 ;  inflammatory,  i 
44y-46l  I 


Exuviation  of  effete  Times,  437 

£^0,  optical  struct  are  of,  746 :  adaptatioa  o( 
to  distance,  746  ;  nervoiw  organisataoa  eC 
see  Retina;  use  of.  in  Vision,  see  Vtmm; 
development  oC  961 

Eyes,  convergence  of  axes  oC  in  object  767- 
769,  837-838  ;  movements  of.  dticete4  by 
visual  sense,  666-669 ;  reUtiun  of  Will  to, 
670  ;  harmony  and  symmetry  of.  834-4i48 


Facial  Angle  of  Man  and  Apet,  47 

Facial  nerve,  deep  origin  of,  612,  613  :  dlitri- 
bution  and  functions  of,  619 

Fasces,  composition  of,  181;  expulsion  of.  141.  , 
643  ;  average  daily  quantity  of.  Is2 

Fakeers,  Indian,  apparent  death  of,  10.16 

Fallopian  Tubes,  development  of,  947-9M; 
passage  of  spermatoxoa  tbroogb,  895 ;  Vi- 
sage of  ova  through,  899;  formation  ofeke- 
rion  in.  901 

Falsetto  Voice,  nature  of;  854 

Farinaceous  constituents  of  food.  94.  100.  147. 
170,  178;  importance  of,  in  prudactiea  «f 
muscular  force,  434 

Faroese  islanders,  diet  of.  115 

Fat,  structure,  uses,  and  development  of.  M- 
68,  434  ;  increase  of,  in  disease.  268  :  amoaat 
of,  in  blood,  253  ;  importance  of,  in  cell 
formation,  434  ;  in  old  age.  1029  :  in  Cbyat. 
emuifeification  of,  171 ;  in  Fieees,  181 :  pie- 
duction  of,  in  Liver.  474  ;  effects  uf.  vkci 
taken  with  meat,  427  ;  pro^lociion  oC  frv« 
sturob,  433 ;  from  albumen,  433  ;  proportioi 
of,  in  brain,  559  ;  in  nerves.  559 ;  in  ■■§• 
cles.  807 

Fatty  degeneration,  439 

Fechners  Psycho-physical  law.  797-79d 

Fecundation,*  seat  ot,  899  ;   act  of.  •.♦00 

Female,  physiological  peculiarities  of.  wt 
S  jT^s :  mental  constitution  of.  969;  length 
and  weight  of.  at  birth.  968  :  subsequent  in- 
crease of,  969  ;  viability  of.  968  ;  pabertvoC 
892;  influence  of,  on  progeny.  Vl7-y2i'  "i 
sex.  965;  share  of.  in  Generation,  see  tits- 
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Fene^tra  ovalis  and  rotunda,  7^9 

Fever,  alterations  of  blood  in.  265;  so  a  reel  of 
predisposition  to,  285,  286  ;  mortality  fron, 
413 

Fihrin,  83,  of  blood,  artificial  formation  of. 
27S  ;  origin  of,  277;  normal  profiurtirtn  oC 
25{ ;  increased  proportion  of.  in  artenal 
blood.  257-261  ;  in  splenic  vein.  263;  aag- 
mentation  of.  in  infl  immation,  265  :  diat- 
nution  of.  in  adynamic  diseases.  266;  lU 
coagulation,  270  (see  CfM/ff-ulotiuf)  ,  ill 
uses,  278  ;  destruction  of,  at  kidney,  21% 

Fibrin  of  Chyle,  213 

Fibrin  of  Lymph,  213 

Fibrinous  effusions  of  Inflammation.  278,  457, 
conservative  nature  of,  449 

Fibrinogenous  substance,  277 

Fibrinoplastic  substance,  277 

Fibrous  tissue.  63 

Fifth  pair  of  Nerves,  origin  of.  612  ;  distriba- 
tion  and  functions  of.  615  ;  its  action  ts 
mastication,  129;  in  deglutition,  130:  ia- 
fluence  tm  salivary  secretion.  \4i^  :  in  respira- 
tion. 378;  its  agency  in  taste,  617,  620;  is 
smell,  652.   742 

Filiform  |>apillsB  of  tongue,  736 

Finnish  Race,  989 
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Fivb,  Brain  of,  compared  with  Man's,  567, 
650 

Flute- pipes,  laws  of,  850 

Foeius,  first  oirculntion  in.  933-935 ;  second, 
938-943  ;  mode  of  determining  oge  of,  1017, 
1018;  sixe  and  weight  of.  nt  birth,  907 ;  de- 
velopment of  organs  in  (see  Dfvelopmeni). 

Food,  the  primary  source  of  neuro- muscular 
energy.  38 ;  cinssiflcation  of  components  of, 
100,  103;  saccharine  constituents  of.  100; 
oleaginous  constituents  of,  101  ;  albuminous 
constituents  of,  102;  gelatinous  constituents 
of,  103  ;  proportions  of  carbon  and  nitrogen 
in  different  articles  of,  105  ;  colorific  and  his- 
togenetic  value  of.  103 ;  most  economical 
combinntinnsof.  105  ;  composition  of  vnrious 
kinds  of.  106,  107;  relative  value  of  animal 
and  vegetable,  109,  110;  quantity  of,  needed 
by  Man,  111,  112;  importance  of  purity  of, 
115;  consequences  of  deficiency  of.  122, 127  ; 
prehension  and  ingestion  of.  127;  relative 
digestibility  of  different  kinds  of,  164 ;  in- 
fluence of  nature  of,  on  composition  of  blood, 
253,  256 ;  on  respiration,  389  ;  on  excretion, 
503.  516 

Foot  of  Man,  compared  with  that  of  Apes,  43 

Form,  mode  of  Acquiring  knowledge  of,  by 
Touch,  729;  by  Vision,  761 

Formative  Pown,  of  individual  parts.  437 ; 
excess  of,  in  hypertrophy,  441 ;  deficiency 
of,  in  atrophy,  445  ;  manifestation  of,  in  re- 
parative process,  447  ;  deficiency  of.  in  in- 
flammation. 448  ;  its  greater  energy  in  ear- 
lier than  in  later  periods  of  life,  448,  1016 

Fornix.  691 

Fourth  pair  of  Nerves,  origin,  612;  distribu- 
tion, «i7 

Fraunhofer's  lines  of  Spectrum,  249 

Friguriflcation,  influence  of  cutaneous  exhala- 
tion in,  524 

Functions,  Vital,  see  Absorption,  Assimila- 

TIOH,  GiRCULATIO!!,  OtC. 

Fungi,  action  of  light  upon,  31 
Fungiform  papiltas  of  Tongue,  736 


Ganglia,  structure  of,  553  ;  see  Nervous  Sys- 

TIM 

Oanglia  of  Sympathetic  system,  863 
Gaol  at  NSmes,  mortality  in.  125  note 
Gases,  found  in  the  alimentnry  canul,  183;  in 

the  blood.  257  ;  in  the  urine,  515 
Gasserinn  ganglion,  615;  its  influence  on  nu- 
trition. 863 
Gastric  Follicles,  structure  of,  153 
Gastric  Jnice^  composition  of,  155,  156  ;  condi- 
tions of  its  secretion,  158,  159  ;  quantity  of 
secreted  daily,  159;  influence  of  nervous  sys- 
tem on.  162.  874  ;  solvent  power  of,  163.  166 
Gelntin.  84 ;  uses  of,  as  food,  1U2  ;  feeble  dia- 

ly^ing  power  of,  196 
Gbhbuation,  general  nature  of.  879,  880 ;  pro- 
visions for  its  performance,  880-882 
Action  of  Maif  in,  882 ;  structure  of  testes, 
882  ;  characters  of  seminal  fluid,  884  :  na- 
ture and  evolution  of  Spermntozon,  885  ; 
es^iential    importance  of   Spermatozoa   in 
fecundation.  886,  887  ;   puberty,  epoch  of. 
887  ;  of  sexual  desire,  887  ;  coition,  888 
Action  of  Female  in,  889  ;  structure  of  Ovum, 
889;    evolution  of  ovum,  890;    period  of 
puberty,  892  ;  menstrual  discharge,  892  ; 
coincident  ovulation,  894  ;  duration  of  pro- 


creating period,  894 ;  her  function  in  co- 
ition. 895  ;  maturation  of  ova,  895  ;  corpus 
luteum,  896;  fecundation  of  ovum.  899; 
consequent  chnnges,  901  ;  formation  of 
chorion,  901  ;  formation  of  decidua,  901 ; 
of  villi  of  chorion,  904 :  of  foetnl  tufts, 
904  ;  of  Phicenta,  904  ;  changes  in  Uterns 
during  gestation,  908;  quickening.  909 ; 
parturition,  act  of,  911;  period  of,  912; 
superfoetation.  916;  see  Lactation,  Mam- 
mury  Gland,  Mtlk 
Influence  of  Parents  on  progeny,  916;  effects 
of  near  retitionsbip  of,  917;  influence  of 
Male  on  subsequent  offspring,  92U  ;  effects 
of  state  of  parents  at  time  of  conception, 
920  ;  subsequent  influence  of  Mother,  879, 
921 ;  influence  of  Ages  of  parents  on  Sex 
of  progeny.  965 
Einhryonie  DevrlupmetU,  see  DeveJopment  of 
Embryo 
Generation,  organs  of,  their  development,  947, 

948 
Germinal  capacity,  variation  of,  at  different 

age^  1016 
Germinal  Matter,  57 
Germiniil  Spot.  890 
Germinal  Vesicle.  890 
Gestation,  ordinary  term  of,  910;  abbreviated, 

913;   protracted,  915 
Ghost  exhibition,  deceptive  effect  of,  on  hear- 
ing, 795 
Glands,  Assimilating,   of  Absorbent   System, 
207;    their   functions,   208;    vasculnr,  218; 
their  functions,  228 ;  salivary,  143;  gnstric, 
151;  pancreatic,    167;    liver,  469;    kidney, 
490;   Briinner's,  177 
Glands.  Secreting,  essential  nature  of,  465 
Globulin,  86 

Gios^o-  P/iaryngeai  ^trye,  origin  of,  612 
distribution  and   functions  of,  620 ;    its  in- 
strumentality in  deglutition,  131  ;  insentte  of 
taste.  620.  655 
Glottis,  regulation  of,  847  ;  artificial,  852 
Glycin,  93 
Glycocholic  acid,  93 

Glycogene  and  Glycogenic  substance.  95,  482 ; 
composition   of,   95 ;   theories  of  origin  of, 
489 
Glycogeny  and    Glycogenic   function   of   the 
liver,  482  ;  influence  of  nervous  sy.stem  upon, 
486  ;  effects  of  medicinal  agents  on,  488 
Goblet  cells  of  lungs,  363 
Gorilla,  comparison  of,  with  Man,  39-57 
Graafian  follicle,  890  ;  formation  of  ovum  with- 
fh,  891,  892;    escape   of  ovum   from,  891; 
subsequent  changes  in,  895 
Granulation  of  wounds,  450-453 
Grape  sugar,  94 

Groy  substance  of  Spinal  Cord,  629 
Growth,  period  of,  1017 

Growth,  a  source  of  demand  for  nutrition,  416  ; 
excess  and  deficiency  of,  441-444;  its  differ- 
ence from  development.  417;  formative  ac- 
tivity during  period  of,  1017 
Giiachos,  their  meat  diet,  104 
'  Guanin,  92 

j  Guiding  sensations.  666 ;   essentini  to  regula- 
tion of  certain  movements,  as  to  those  of  the 
I      eye,  667 ;   those  of  the  larynx,  667,  796 
i  Gum.  effects  of  diet  of.  101 
j  Gustatory  Ganglia.  609 
:  Guftatory  Nerves.  654.  734 
I  Gyri  operti  of  Brain,  687 


1074 


INDEX    OF    SUBJECTS, 


tor  ftctioni^,   647  ;   on  9en9orUmntor  adtifmn, 
^fib,  Ifi^  i  on  imprpfjiUiis  on  skeping  p<»f«orie, 
7(3^    OH   B,mMUiit  of  »lBep  reiiuireil.  7  I  fa  ;    on 
eci-ordinntion  of  mu^eular  movainenl?,  B2^ 
Hin?hiN)b,  tffi*ciB  of,  718 
Uft^mnilTomom^tcir,  34ft 
Hf  mmrljnnmomKer,  *^3# 
HiPinAtTn  orjftUlir  247 
Ilicn)atoehom»t«r,  ^Vt 
ItiMiitiio-crjriitnllin,  Bfl 
IIriManto{tl(»bin  eryfltnls  of  bloo4,  344 
BntDtti  ery«Liil«  of  blood,  347 
HB8mo|;lobif^  8ff 

QiciiiorrbiigeH  prf(iT*|M>?itinn  to.  27B 
finir,  eh  unlets  Pi  of r  in  difi<^r«Qt  Rrscb,  989 
HiiloQv«  arvlfl?rlll^  924 
Bone]  of  ^jifi.  pQftulinr  nttriKu(«-i  of  41 
H;trim>nj  af  Mu^tf'iildr  muvemnul§,  8;iO 
Hm^crsinn  cunula  *:*f  B'lti*.  7t 
Bi'nlmi^  Prottesies,  il*ffer*nt  fwfini*  of,  447 
ilertrin^,  pKy*^(Mil  ponditions  of.  T*fl 
OrgttQ  of,  iU«»8enttft!fftriie(iire.  782.  iisndnp- 
trttion  tit  lawre  of  prnpEL^AtJon  ol  m^ifiAt, 
7H2  i  sifttrtiire  ttnd  ftmiitiotiA  nf  ^^mf\^^m^3 
iip|*ijriHU5,  7ifl  ,  t>f  iMbydnib,  7Wa  ;   of**. 
t«riiiil  ear  nnd  tusiiitUfl.  7M4i  develrj^|>iii«int 
t»f,  »«;? 
Seuii»   of,   77V;    dis^^nminrttion  of   pilob  of 
tonB0,  70 1  ^  ddlimiitn  of  direct  km  Afiiiiutidj, 
7tf&  :  esliiontfi  of  diittnnoe,  7V&  .   fpfltien^e 
of  bub! tun  I  tiltetiljon  on  neulfltaocs  fif,  79^, 
7U7  ^   TAjpiility  of  |]«i  caption  bj,  euntpjireii 
*iih    vbloh,   7^7;    tine  of,  in   rBgiilfttiog 
voic».  HTI.  TtMV 
Heiirt,  itenernL  functinm  of.  2i)2;  oompnrtiioii 
of  Tigiit  with  Wft  v*nlfieJ«,  2^4;  vnlvM  of, 
205  ,  mu^uitlnr  fihr«ff  of,  2W5  ^  nervrg  or  2't'*'  ? 
arrangf  lut^tii  tif    miifijuhtr   Abrt^a    in,    294  ; 
IrrUnifilllj  of.  21^7,  rbyrhmicml  movem^oij 
of.  298;    luovftflpnl*  of,   29H ;  force  eierr.*d 
bj,    ^02^    et^urite   of   blood    tbruugh^    Ma\  ; 
souTiib  of,  ZiH  t  inflosncut  of  nerTouit  tJffl^^l 
iifj,  illNTi ;  eitrUo'mii'tur  ajfttein  of.  aufl  ;   eJfi^etH 
of  i«mp^riiture   oi>,    .1'*I ,    effeot  of  i^nrltiui 
prhiHurkET   on,   ^07 ;    eflecis  of  ^ItfciHeal   <?ur- 
reni*  oti,  itu?  ;  o^rvf^i,  inhibitorj.  au9  j  o^r- 
ri]>  depf ?4£!ar  of,  ^U  ;    nenrs,  ncrelcTittin^, 
314;  aotlon  of  |Hii*onf  on,  Hlb  :   r|u;i nitty  of 
blood  eip^n^d    bj,  -'J  1 7  ;    nurnbrr  of  puls«ii- 
tioni  of.  ;il9  j   |»ei;uliarity  in  contmcrlltHii  of, 
81^,  B2^j  ;  iani  de«re)opdjrt]t  of.  935;  pubit- 
mi^nl  Lthnngiit?  in,  9;^{IL 
Btnt,  impiii-tonoe  ot  in  grovrtb  ftnd  deteHop-^ 
iui9bt,  211,  3th  inRu«ntw  t'f,  on  I'iIk)  nctr»ii^ 
52^  f  on  f^fioi  of  jeviUlion,  980  ;  endufjinov 
of  rxtri*m«ii  of,  ^SB  j:  iu  prnitiiotion  irt  Hu- 
UflD  biRly,  529;  stitirres  of  rnj-i^lioii  of,  529- 
M4  J   rtit*TntioHi  of  in   dbe n^«.  5J{4  ;   librra- 
tion  of.  (ifiBr  denth.  535 ;    simrcfa  of,  539  f 
!«*•  of,  tbpcnofle  of  dentb  by  ^'trirvnlion  ami 
exhiiiD'ltti^iliseitfiei,  biii  ■  imtXin)  de[H!indi;iie« 
of,  oil  ciitiinerlUN  rr^pirfitirm,  641  ,  fib»o]>iit«< 
nmoutii  of,  produced  in  the  body,  4.t5,  542  ; 
lnl!ii«ne<<  of  oefvouA  {irit0U)   oti,   544;   loeitl 
VnrtKtioCN  of,  645  ;    inferior  ponrfr  of  ilener* 
ntinji^,  «t  etirrUjTt  And   luUH  ^oit4d#  of  life, 
647 
HeftI  oentre.  lo<rAl{on  of^  64T 
ll*iii  I « in  Oil*.  8UII 
Hpiirht  111  difTifrpta  Wfe*,  9fl8 
HeDebr^riM   niRer   mid   mldii«   aalioo   of,  on 
b*^rl,  itlO 


1  rr;injjr*i«rni  t*f,  4T| 


r  ttta 


UrparK^  Artery.  47: 
BefMtic  Cellt.  474 
llrpLitie  Piifeoeh^  tti  i 
H«fiAlic*   Tt-io     JTJ    4  7 

with  portiil,  Ifru 
He  pit  in,  4H4  ,    i-re  Gi^ifr^^PHy 
Herbivfirou*  mnituftU^  *]Lert>iiaa«  nf,  S|T 
Rf  redit  '       ''^  niulan  of  nAljdki,  f IS 

llerm*|<!  '^> 

Het*rol    :  ■)»»,  4M 

Hifcroitgb,  itQi  <»i,  :i83 
Hindovtiin.  InnieiiJig**  nnt)  p'tipltot  ll*^ 
Uipptiria  A(^id.  un'  iti  f^frsenee  Ib  tte  B*m4 

254;  ill  l.rrrie,  &tl1     ii^ 
Horftpter.  n^Uure  i>f.  7<^"i 
riot  ten  tot  ItHue,   Hlf>9 
IIoiuu».  ftKunrni  jiif*  of,  Vv  ptnr^t^    ^» 

illllOr  ' 

Ilybridii,  tntiuetieeftf  fii 

Hydroxy nnic   Acid    Gar  a*  liM^ 

3|f!^  ij^/j^if 
flydroQirrboniiceout  comfi«mnilA,  f^4 
Ilyrimsjpn,  aniimo'nid*,     pboi«ii'*'   *'     "M 

pbitlt.  net  ion  of,  402 
KyHrftjjrn.  r«*^pirnilof»  \n,  ^^ 
II  ^  eietion  of,  on  bn^irL  Itl  ^ 

[l\  N  751 

livj    ,       ,    ,     41ft,   442,    t^nndlll***  ^  HIT 

ihowQ  in  production  **f  tuiuuft,  M4;  l*i» 

pernuoiernry  pjirti,  414 
H^pnoiUio.  719 

HviHXihondrU'iiii.  iipcrKtioii  of.  S7f 
llyp{}}cn*tf  >cr  pl«xu«  of  9yia|mtb»tt«.  911 
llifpfi'Hpiidina,  ti5W 

I1y|.>i>gbix«j»l  H^nrrtj  origin  ot  ^\^,  4*l 
Hypoxintblti.  92 

rTyntetin.  eJtnrt^  P^n#ibilitj  lo,  **4 
Bysiertcti)  Incihuria^  4(17 


l<!«liiiideri,    frMdooi    of.     fftim    i%\ 

liiU  ;   lliibl^tiy  of,  to  ijtDotle  «1i*mi*m.  41K 

412 
Idinry.  pr«dominBtie«  of  ln*tlfiel  in,  i»7.  Ms  , 

crtu-eiof.  91ft,  919 
IdiO'iDUiH^iilnr  enntrictlon.  Hid 
lilttmrniitirm.  rnlMtivi*  per«^rpribllltv  aC  Tli     i 
InAniti4>ii.  HU  ,  br»1 1  —  -    - 

42^  J   rff'otn  rtf,  ni. 
Inditi,,  papulntioii  ui,  . 
Indiri'dt  *^ifi#ii.  77tt 
Indw  Eurtfpwun  R;m«,   lflfl2 
InfiKioy,  chftfii   v      *  "     ■ 

InfiiKtj   t«»m(H-  jptiryi 

j(enerntin}(  h  ^       At*4 1 

of,  nl  birtl»,  Vto^,   iwl? 
I*fJtftmtHeiHtitf,   incr«»*a   rtf  Alrrln  «if  | 

266;   ii  ■•    ^    -  •     ,, 

44^;  pf 

rtfpSiSr  DttctnLiupnOtinl   iiy,    4.1'i  ,    Itt  frlft 

hypertrophy   nnd   Atrophy,  4M ,    «»« 
464  ;    ihfni*m*tm  of,  4^4  ;    ttAt^  rtf  tit« 
467;    cliNtiK^trrJiiifi    lifuiitjmi    nf    4i*  [ 
heAltby  lorm*  "f,  IftJJ 

inftiimiiiiitory  elfusiotie,  d i ffrr» p t  eii> f  xlm <C  1 
2H«,  487 

Infundibubi  of  lunfis  SIN 

IniKr^^^tii.  ei^^rci|;<i  etiemlcMl  rOf«ipM4tioo  «C  1^1 
one  day.  42.1  f 

IfthLbitory  Iiiflit«ii09  of  tbe  B«pr?oui  ^H«»«i  ] 


INDEX   OF   SUBJECTS. 


1075 


inUstine,  138 ,'  on  heart,  309  ;  oa  respiratory 
masoles,  381 
iD^e  (poison  d'),  action  of,  on  heart,  317  note 
Inorganic  constituents  of  Body,  98  ;  of  Blood, 
254  ;  their  ases,  434 ;    of  Urine,  601,  502, 
513 
Inosite,  95 
InnaliTation,  143 

Insects,  automatic  actions  of,  561,  562 
Inspiration,  movements  of^  369;  force  required 

for,  372 ;  cause  of  first,  378 
Insptrntion-tetanus.  378 
Instinct,  contrasted  with  Reason,  888 
Intelligence,  nature  of,  as  opposed  to  instinct, 
563 ;    degree  of,    conformable    to  sice  and 
development  of  Cerebrum,  694-698 
Intestinal  Canal,  movements  of,  127;  influence 
of  Sympathetic  nerves  on,  134<-138  ;  influence 
of  mental  states  on,  870;   development  of, 
943 
Intestinal  Juice,  177;  its  use  in  digestion,  178 
Intestinal  Secretions,  influence  of  nervous  sys- 
tem on,  873 
Involuntary    movements,    828;    influence    of 

Sympnthetic  on,  867 
Iris,  structure  of,  759;  movements  of.  in  ac- 
commodation of  Eye.  748.   749;    effects  of 
heat  and  light  upon.  760  (see  Pupil) 
Irradiation  of  impressions  on  retina,  775 
Irrijration  of  the  tissues  effected  by  lymph,  217 
IrriUbility  of  Heart,  297;  of  Arteries,  324;  of 
muscular  tissue,  820--825 


Jaundice  from  reabsorption  of  bile.  468 
Jewish  Females,  period  of  conception  in,  899 

vote 
Jewish  Nation,   1004;   varied  complexion  of, 

989 


Kaffre  Race,  1007,  1008 

Keratin.  85 

Kidnty,  structure  of,  490,  491  ;  tubuli  uriniferi 
of,  492 ;  circulntion  in.  493  ;  Corpora  Mal- 
pighiana  of,  493 ;  secreting  cells  ot',  492, 
493  ;  elimination  of  water  by,  498 ;  of  soluble 
matters  generally,  502 ;  two  factors  occa- 
sioning secreting  action  of,  498;  excretory 
function  of,  498-520;  development  of,  946 
(see  Uriffff) 

Kinesodic  substance,  632 

Kreatin.  88.  510 

Rreatinin,  89.  510 

Kymograph,  336 


Labyrinth  of  Ear,  functions  of,  780-784 

Lachrymal  secretion,  influence  of  mental  states 
on,  873 

Lactation,  970-977  ;  change  of  quality  of  milk 
in  course  of,  975,  976 ;  extraordinary  pro- 
longation of.  978 ;  by  males,  973 

Laetefils,  origin  of,  in  villi.  187;  absorption 
by,  189  ;  glandulse  of,  207  ;  contents  of.  212 
(s«!e  Chyle) 

Lactic  acid,  origin  and  relnti'^ns  of,  96 ;  pres- 
ence cf,  in  gastric  fluid,  155 

Lacunae  of  bone,  70 

Lamina  spiralis,  structure  of,  784 

Laminee  dorsales,  932 

Landeau,  effects  of  siege  of,  921 

Language,  the  expression  of  ideas,  705,  855 


Lang-nages  of  different  races,  essential  con- 
formity in,  1000;  American,  1010;  Bush- 
man. 1009;  Celtic,  1002;  Euskarian,  1002; 
Hindoo,  1006;  Hottentot,  1006;  Indo-Ger- 
manic,  1002;  K>iffre,  10I»8 ;  Malayo-Poly- 
nesian,  1012;  Negro.  1007;  Negrito,  1013; 
Sanskritio,  1006;  Seriform.  1005;  Syro- 
Arabian,  1003 ;  Tiimulian,  1005 

Lanugo  of  foetus,  281 

Lapps,  Race  of,  1005 

Larynx,  structure  of,  844;  muscular  actions 
of,  846;  precise  adjustment  of,  844;  their 
dependence  on  guiding  sensations,  667,  671, 
843 ;  nerves  of,  378,  622-624 ;  production  of 
sounds  by,  853;  theory  of  the  voice,  853; 
falsetto  notes,  854 

Latent  excitation,  period  of,  in  muscle,  815 

Lateral  vision,  776 

Laughing,  act  of,  382 

Laws  of  reflex  action,  635 

Laws  of  unilateral  reflection,  635 

Laws  ef  symmetry,  635 

Lnws  of  intensity.  635 

Laws  of  reflex  irradiation,  635 

Lend,  poisoning  of  water  by.  116  ;  cumulative 
action  of.  284 

Lecithin.  86,  477 

Left-hnndedness,  834 

Leiotriohi.  990 

Leuceemia,  228 

Leucin,  87 

Leucocytes,  movements  of,  60 ;  origin  of,  from 
bone  marrow,  227 

Life,  nature  of,  25  ;  distinguishing  features  of. 
26-29;  multiplication  of,  27.  28  ;  importance 
of  Hent  in  development  of,  29,  30  ;  influence 
of  Light  upon,  31 ;  flnnl  purpose  of,  in 
plants,  32;  various  manifestations  of,  in 
animals,  33,  34  ;  manifestation  of,  in  devel- 
opment, 35 ;  in  production  of  heat,  35.  36  ; 
«ensori-motor  activity,  37 ;  correlation  of  the 
physical  forces  in  the  acts  of,  37-39 ;  of  the 
blood,  251 

Light,  evolution  of,  from  living  body,  549 

Lightning,  death  by,  effect  of  on  blood,  272 

Limbs,  nature  and  development  of,  964  ;  at- 
tempted reproduction  of,  in  foetus,  448 

Limits  of  Vision,  757 

Liquor  Amnii,  932,  938 

Liquor  Sanguinis,  234 

Lithic  acid,  508  (see  Urie  Arid) 

Liver,  structure  of,  469;  general  plan  of,  in 
lower  animals,  469-471  ;  in  Man.  471  ; 
arrangement  of  bloodvessels  in,  471  ;  bil- 
iary ducts  in,  473  ;  parenchyma  of.  474 ; 
lymphatics  of,  475  ;  development  of,  944 ; 
double  function  of,  482 
Assimilating  action  of,  263,  400 ;  production 
of  glycogen  and  sugar  by,  482;  of  red 
corpuscles  by,  485 
Excretory  action  of,  485  ;  formation  of  bile 
by,  476  (see  Bih) 

Lobelina.  action  on  pneumogastrios,  317 

Lochia,  911 

Locomotion,  movements  of,  831     , 

Londonderry  steamer,  case  of.  408 

Loss  of  BInod,  influence  of,  on  compo:>ition  of 
blood.  257 

Luminosity, of  living  body.  550 

Lungs,  structure  of,  363 ;  contractility  of 
bronchial  tubes  of,  366 ;  elasticity  of,  367  ; 
force  required  for  their  distension,  372 ; 
mechanism  of  their  expansion,  368;  capacity 
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i^t  ^^^  1  el*f>ng*9  in,  frum  swrlron  nf  pnvrnDO- 

Luirin,  &y 

LuxUj>  ^imNiutDpUnn  of  foiid,  -12^2 

Ljroi.h.coinpimiMnn  «*f,  a  12;  miero»o«>pto eHur 

pur-uM  by.  2iiV  i  forcrs  e1Tr«tinj^  the  movr* 
uietit  uf,  2l6  ;   |>te«»fite  oT  jigiiiti»l  Ihf  wnlla 
of  ttie  Ijiiipljittii!*.  217  ^  iiitlu^ncv  of  n^TTriUt 
KyMpin  nn  Am^uiii  cif.  21  Kj^   ciiu^«»  4>f  Tarili- 
ltOR«  pre»enii?(i  by,  2tE 
Lytii{>h  Cofpn»fiet,  pb«rnoter«  oC  2J3 
Lyitipb,  Conguliibte.  uiTuFiiin  t^t  \n  mflanamA 
tujii,     457  T    eftnffrvirtivc     Dpitufe    of.    4^2  ; 
(IbrmoQB    HDtl    oarpn^cnlitr   h^rmt   dT,    45B ; 
di5ff«ai»raiioD9  ot  451* ;  forcoitioo  of  put  in^ 
462 
Lyuipb  Path 9.  nuperfielMl  and  dr#p,  2(^8,  2019 
L^mpftiitirA,  uriji^iu  wf,  2ftfl  ,  dbtrtHuLiun  nf^  in 
stotMicb,    i5&,    ifi    ititPiitiiiBs,    |8t!,    |8T;    In 
Uptvoup   ocntiYj,  2iHK  rtOH  not^:  in  Mphen. 
Sai  ;    in    hvt*r,    47.'*  3    li"    bid*j<?jF,    4fl5;    in 
bflOrft,  2^n  ;  in  lungP.  imft  ;  grnnrlula  f#f.  207; 
fihutnrption   by,    2tA;    otinUnls  af^  *It2    {»tt 


Hufluln  LqUa.  TfiS 

MngenUi,  ifctiim  of  flo1a|iciii»  ofi  nn  blocHl-^or' 
pmctefi.  2^A 

MalniennoQi!  of  ttrRaubm,  41&;  during  p*riod 
of  lunturily,  1(928 

Mnliiyo-Pnljn*fliriii  Rfite.  1012 

Mtftfy  rudim^nUiry  iiUni?  In,  QlO ;  ratlitueninl 
lUHmtDary  ^\niid  In,  972  ^  Ini^Ution  by*  V?^  ^ 
iriflurne^  ot  cm  pnigenj.  ti'lT;  (s^n  t«T^  iChd  i 
^\%^  iind  witif^bt  of,  nt  bittb.  M<^  ^  eub{i«- 
qarnt  inet-irdLte'  of,  M%  \  viability  of,  ^^1  \ 
fiiiberiy  t-f,  %%1 ;  hln  obnnietor  as  u«jifip«feti 
with  fpiniilep  tif»l^  ;  »bare  ufi  In  giriterMiion 
(MSP  OrNeHAttiiNS 

^iHlifrriaiii  growih^,  4*t4 

Mii]p>ghUn  B<*diffl,  of  Kidney,   4('2,  lU^ ;    of 

Mtimmarv  Ghitifi.  ftruotuf*  nf,  1*70,  W72,  835; 
ruticlinnail  nativity  uf,  UT7  ;  ihfluffnofl  nf 
mental  stnUi  upon,  B7&  ;  0«t'f«lion  of*  ItlA 
i^et  AhU} 

Man,  Dietmotire  Cbiiricl«r#  ot  !iU;  bund  of 
41,  4*i ;  foiH  of.  42  j  oriinium  ot  4:i  44; 
vprtebml  ctilumu  ipf,  47;  Icjwrr  vxtrrmiiirii 
of,  42h,  51^  f»f\iil  ■ugle  fd,  47  ^  uiyukiji^j  of, 
61^52;  Tire^iut  nppiirntti«  of  &2 ,  br>^in  of, 
52-^5;  ^uburdinntioD  tif  irii^tf?  to  intrtli- 
f(:«'tiG«  uf,  55;  ptMHuliar  Jttlitptnbilrty  ot  ^*f  i 
sloiT  gn^ifth  of,  55;  roeiiLnl  ifiid<ii^mc<iitfr  of 
Mi  iirtieul»t«  sf^eeob  ot  ^6;  piipiiciiy  for 
piFOgrepR,  £(t,  57 

Han.  EpiMlti  of  Life  ot  IIH5  ;  embrjunic  life. 

jijuib,   lu2iV;  adol»stirna«,   |02t(  ^  meloj-ity, 

1028;  decline,  MI2M 
Man,   Viirifltie*  ot  k81-8»4  ;  »«  Color,  Hiilr, 

LitHiftift^^,  P«liip,  liaffi^  SIrult  apd  Varifttes 
M  H  tiv  hry  I  f  * .  o  rg  II  n  ic  ui  n  U  e  r  i  n  11  i  r  ot  4 1 U 
Jklangiipjii,  ticlifjo  of  puijFon  ot  on  henrl,  ^le^ 
Mutiotticte^]-,  difTrrriitiat  aJ{5 
Manit  M»d.,  mrge  of  Tt>icie  ot  S4^  »9ie 
Marringee  (jf  ooivaiitiguif^itj,  ©18,  Wlfl 
Miirrow,  red,  the  arot  of  eel*  furmnlion*  327 
Mnetiontion,  oet  ot  128  j  nerven  ©t  I2tl 
Maturity,  e^arooiwViVm  <»f ,  l<i2a 


Mancfinmp  bri-ed  ofSb^^p.  itM!  nntf 

Me<a,  bnd  eeoootny  of  i<i4jUiF<iv«  dle>t  of.  16*^ 
slfceifl  iff  dirt  tit  on  bnlnticDe  of  riUt  c*9i^ 
oiuy.  4^&,   eflVcU  of  diN>iii«d,  11& 

Slei^onilitn,  TiJt1|ir5  (if.  481    noir 

Metiniiit  Oithftgnitit  »trii^lur«  of  60S-60i, 
l!rny  fnbRintic?  ot  ^15^  origin  of  VHrmisi 
in*fifi?a  hmix,  Oll-»Ai4  ;  tnotor  tmet  «t  ^0%>^ 
fen^ory  trttcl  id,  f«l^;  ppecijil  andurvBicaii 
of,  1^41  1    Kee  Spiff tti  Cf^fd 

Mtfduiljtfy  fold*  or  Imniiiie,  02S 

xMHiifiin,  rt3 

Mfuihrinrt  Oniudos*,  8tl(»,  SW6 

At«-mbriini4  TyinpH»l«  slrncture  mnd  (iw*  eC 
787 

Mi*iLttrtt&lion,  period  uf*  B92  ^  p«r*ietiiii^  nt 
&V4 

MiraencepbnVoti,  faiKrliont  nt  Aft  I  ;  dr^elnp. 
mrnttat  MHO 

M«!cenieTto  Blood.  «t>Feii»1  ebramct^ri  of  i^Jl 

Mementerio  GlandiiliCt  dUuctitrfl  of,  Ittir,  IH 
2I»7,  2I>S 

Mt^ji^LUpriQ  *ta»1e.  TI9 

Me!'ti?Qp1ii»l4^t  effevlf  of  aectian  ot  ^^^  ,  *^*tH 
of  eUctnc  current  nn,  fift3,  flrt-t 

JVIelali  enli-riog  into  eiMnpo»kl.tm  of  Ibt  body,  *• 

Metniu'<r|dHNpifl  ol'  m«tier,  required  in  OrgtBi* 
fauf!li()n!t,  4iH 

M(:ti'i(o»iif  «f  J^torelion,  4H7 

MigrNiiwi  nf  while  f!iir|}ti!*cl«»,  241,  45i^ 

Mttk,  f¥er«t&ry  *»pjjiirititti  ot  ^7*;  «it|>ply  «t 
y72  ;  <?nnjiitiient»  fd.  y74-yHn  ;  mipT«»cop4 
(qmI  clutriititeffl  f*t  1*T^  ■  vuriLitinnjc  in  i(>«if 
proportion*.  UT7  ;  iirfluence  of  merits  t  tU)«i 
on.  875  ;  ¥arteii«i  ot  tti  ditferetit  »nivti4li. 
t^TT  I  relrttittn  ot  to  blood,  li»8n  ;  reabiorp* 
tion  ''t  ^f^i  f  vif^ftrioiiii  serretioti  ot  Vhj  , 
((U II nitty  ot  secreted,  875  ;  ^^eatiga  of  m«ll- 
cinos  etc.,  into,  w7o 

Milk.  I?«gur  ot  fl5.  WT" 

Millbnnli  iVifuii,  fvurvy  nt,  125 

MilLuti  P  R^iigent,  H2 

Mini'o|iio    Eiie»  of  tb«  ^^rdaoAftii    I^iefl.    It  13 

Mi?in   of  Mim,   iu  di»iiD<:lif«  «bjiniri#ri*tiet, 

55.  b*VA\  it*  tnl^it«*nci(!>  on  Orj^tioic  Tumi* 
tion».  HM,  873  j  rnriutitjo  ©t  »t  dill«rvtil 
p-rioda  wflife,  KWl».  *>t«r  »*1W 

Kiiiotiunjil  iitiivily  ot  5*"'8,  7wfi,  8fl» 

Idio  dyn^^fuie  ^ctiiity  ot  5fl8 
lilted  dM,  economy  ot    1^4  ;    imporii 

|i»5 
Mod^llltsg  proo«i^  450;   tn«'inj  of  pr 

451 

MoUpotHrDenfk  1032 
Mongidhin  Riicfl,  in  Europe,    100S  ;    {«  lodiA* 

Ml  04,   1005, 
Mooplni'sllicff,  by  exct^ft.  441  :  hit  ftrf**!  nf  A»- 

velnpiupiiU  417,  W4*l,  »50.  "    -    "^- 
Mort^^id  Poi^ooj*.  2^.t  («■*  /'  idd> 

M.jrlsiJilyH  pr**enltblp,  of  K-  ^  '  i 

Jvfortnlity.  rrbtlivt.  »t  differvnt  mnlmmui,  MS, 

(It  differ* oUigei,    lOJl] 
Motber,  iiitluene^  of  meritnf    '^  ^        '    .'r  fivui^ 

^i(j,  R21  ;  on  tQUffliBiiry  »> 
Motor   nvrvfj,    liiTf*  of   trim  ■  1  hruoi^b 

557,  571  ;   PM  E^rpfvt  Nrrt'r'j^i*fm 
Motor  Tmct  of  Mvdalln  Oblong»(ii,  <II4 
iMuein,  &5 

Mule,  flbaraeterfi  ot  f)I7  i  t|«rlll|j  of,  Wd  Mff 
Moflelv.rods,  804 
MuMttrin,  »otioii  ot  on  be«ri,  310  nmt 
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Mafolef,  limited  term  of  life  of.  419,  809  ;  de- 
generation of,  419,  420;  hypertrophy  of, 
808 ;  atrophy  of,  809  ;  electric  current  of, 
703 

Mofical  tones,  theory  of.  780 

Maocalar  apparatus  of  organic  life.  801 ;  of 
animal  life,  801 

Muscular  Tissue,  Tarious  forms  of.  801.  802  ; 
structure  of  anstri:ited.  801  ;  structure  of 
striped.  802 ;  divtribution  of  motor  nerve.5 
in.  806 ;  distribution  of  blood  to  striped 
form  of.  809  ;  lymphatics  of,  806  ;  chemical 
eorapojiition  of,  806 ;  chemical  changes  in, 
induced  by  exhnustion.  809 ;  development 
of.  808  ,  nutrition  of.  809;  limited  Munition 
of.  419,  809  ;  elongated  and  contracted  con- 
ditions of.  810;  phenomena  accompanying 
contraction  of,  810;  elasticity  of,  812;  elec- 
trical  relations  of,  813  ;  mechanism  of  mus- 
cul.-ir  contraction.  816  ;  idio-muscular  con- 
traction of,  819  ;  neuro-musoular  conirnction 
of,  819;  pecnlixriiy  of  that  of  Heart.  809, 
818;  tetanus  of,  818;  various  stimuli  in- 
ducing contraction  of,  820 ;  exampl<*s  of 
rhyihmieai  movement  of,  822 ;  irrit'ibility 
of.  820 ;  agents  destroying  irritability  of, 
820 ;  effects  of  shock  in  destroying  irrita 
bility  of.  823  ;  proofs  of  essential  independ- 
ence of  irritability  of.  826  ;  necessity  of  due 
supply  of  arterial  blood  for  maintenance  of 
irrit'ibility  of.  825  ;  spontaneous  and  post- 
mortem movements  in,  827  ;  rigor  mortis  of, 
827 

Muscular  Movements,  increase  of  contractile 
power  of,  after  section  of  spinal  cord,  648  ; 
post-mortem,  827  ;  voluntary  and  involun- 
tary, 828;  grouping  of,  829;  symmetry  and 
harmony  of,  830;  energy^and  rapidity  of. 
838;  absolute  muscle  force,  839  ;  souices  uf 
muscular  force,  841  ;  rapidity  of,  843;  pre- 
cise adjustment  of,  843;  (see  Muscular 
Senxe) 

Mufcular  Sense,  668;  nerves  of.  666;  its  par- 
ticip:ition  in  voluntary  movements.  670 ;  its 
exaltation  in  Somnambulism,  719 

Muscular  Suggestion,  its  influence  in  Som- 
nambulism, 718 

Muscular  Tension,  influence  of  Spinal  Cord  on, 
648 

Myelin.  87 

Myelo plaques,  228,  438 

Myenteric  plexus,  137 

Myopia,  751 

Myosin,  85,  806 


Navy,  diet  scale  of;  112 
Neorssmia,  death  by,  10.34 
Negrito  Race,  1013 
Negro,  change  of  color  in.  988  note 
Negro  Races,  color  of,  988  ;  hair  of,  989  ;  skull 
of,  991  ;  modification  of  its  form  by  civilisa- 
tion, 993 ;    pelvis  of,  994 ;    immunity  from 
fever  of.  997  uottt;  geographical  range  and 
varieties  of,  1006 
Nerium  Oleander,  action  of,  on  Heart,  316 
Nerve- force,  laws  of  transmission  of,  572 
Nerves,  electric  current  in,  583 
Nbrvoos  SrsTBU,  553;  influence  of.  on  Ani- 
mal Heat.  554 ;    general  arrangement  of, 
554  ;    regeneration  of  nervous  tissue,  558  ; 
chemistry  of,  559  ;  automatic  character  of. 
in  Invertebrata,    561 ;    distinguished    in 


Vertebrata  by  Cerebrum  and  ministering 
to  Intellii^ence,  562 
Cerehro- Spinal  system,  principal  divisions  of, 
565 ;    Cranio'Spinal   Axis.    597 ;    Sensory 
Ganglia,  649  :  Cerebral  Hemisphere,  686  ; 
Cerebellum.  673  ;  general  course  of  action 
of,    565 ;    reflex    operations    of    separate 
parts,  569 ;    subordination  of  these  to  the 
Will,    569 ;    relations  of  to   Sympathetic 
system,    570 ;     influence   of.    on    Animal 
Heat.  871  ;  on  Organic  fnnctiong.  862  ;  see 
Crrehelliim,     C^r^ftrtifn.    Medulla    Ohfon- 
f^itta,     Sffinory    Gfnisl»a.     Spitml    Cord^ 
Co  n  scions  ft  fS9,  Etnotioiis,  Exiio-motor  Ac- 
tions.  Idfo-mntor  Aftions.  In'rVerttml  F»/r- 
vlties,    Rr/Ux  Afiutns,  Srnxori -motor  Ac' 
tiotts,   VoNiionnl  Artions 
Symp'ttheiir  System,   jteneral   structure  of, 
863;  Cerebrospinal    fibres  in.  863.  864; 
connection   and   distribution  of  principal 
trunks.  864;  re:*olts  of  section  and  of  irri- 
tation of  sympitbetic,    867  ;  fibres,  dilat- 
ing vessels,  869  ;  action  of,  on  apparatus 
of  organic  life.  869  ;  their  instrumentality 
in  sensation  in  muscular  contraction.  870  ; 
on    muscular  elongation.  869 ;    action  of, 
on    intestinal  canal,  137.   162;  on  heart, 
306 ;    on    bloodvessels,   326 ;    on    ut«*rus, 
865.  888  ;  on  iris   759.  864  ;   proper  fibres 
of.  863 ;  influence  of.  on  Secretion  gener- 
ally, 673;  on  secretion  of  saliva,  148,  149; 
on  secretion  of  gustric  juice,  162  ;  on  nu- 
trition. 871  ;  on  animal  heat,  545;  reflex 
actions  of.  635 
Trunks^   endowments  of,  560;  afferent  and 
efferent,  560  ;  use  of  plexuses  of,  572  ;  laws 
of  transmis:<ion  in,   573 ;   modes  of  deter- 
mining their  functions.  574-677;  action  of 
various  stimuli  on.   578;  rapidity  of  con- 
duction  of  electrical   stimulus   by,   581  ; 
electrical  phenomena  in,  503;  eleetrotonic 
condition  of,  585  ;  electro-motor  properties 
of,  584 
Nervous  Tissue,  chemistry  of,  87  ;  limited  dura- 
tion of;  419  ;  atrophy  of,  446  ;  reparation  of, 
558 
Nicotin,  action  of,  on  heart.  316  tioU^  317 
Nim»>s,  prison  of,  mortality  at,  1 25 
Nitric  Acid,  in  urine,  515 
Nitrogen,  its  presence  in  blood,  258;  exhala- 
tion and  absorption  of,  400 ;  excretion    of, 
424.  505 
Notocbord,  formation  of,  952 
Nuclei n.  86 

Ni7TRiTi02f.  general  nature  of.  280,  415;  de- 
pendent on  pabulum  in  blood,  415;  oomple- 
mental  doctrine  of.  282;  sources  of  demand 
for.  in  increase,  416;  in  development,  416; 
conditions  of  its  performance.  420  ;  intersti- 
tial and  superficial,  438 ;  varying  activity 
of.  441  ;  at  different  periods  of  life.  1021, 
1028,  1031  ;  abnormal  degrees  of.  441;  pe- 
culiar phases  of.  in  reparation  of  injuries, 
447 ;  abnormal  forms  of,  454 ;  inflammation 
and  its  results.  454 ;  tuberculosis,  463  ;  ma- 
lignant growths,  464  ;  influence  of  nervous 
system  on,  871;  electric  disturbance  in.  551 


Oblique  Muscles  of  Eye,  function  of,  835 
Observation,  active  in  infancy,  1021 
Observations,  astronomical,  mode  of  recording, 
796 
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Ooeanio  Race,  1011 

Ocalar  Speotra.  773-778 

Odoriferous  «eoretioD  of  Skin,  inflaeoee  of 
nervons  system  on.  874 

Odorous  matter  in  Blood,  234 

Odors,  nature  of.  740 ;  varieties  of,  740,  741 

(Esophagus,  movements  of,  in  swallowing,  129, 
130 

Old  Age,  ehameterirtios  of,  1029 ;  temperatare 
in,  530;  diminished  power  of  generating 
heal  in,  548 

Oleaginous  constituents  of  food.  96  ;  digestion 
of,  171,  174;  abftorption  of,  by  investing 
oells  of  Villi,  189-200  rmtte 

Olfaetive  Cells.  741.  742 

Olfactive  Ganglia,  649,  651 

Olfaetive  Nerves,  613,  651,  740  >  distribotioD 
of,  741 

Olivary  bodies,  606 

Omphalo-mesaraio  vessels.  930,  934 

Ophthalmic  branch  of  Fifth  Puir,  616,  751^, 
760 

Ophthalmic  Oanglion,  615,  865 

Optic  Commissure.  653 

Optie  Oanglia,  649 

Optic    Nerves,  endowments   of;   652,  653,  744 ; 
distribution  of,  753 ;  deficient  sensibMity  at ' 
entrance  of.  into  globe  of  eye.  756  | 

Optic  Thalami,  650 ';  functions  of.  659  | 

Ouninff-outang.  comparison  of,  with  Man,  39-57 

Osmosis.  194  ;  various  phenomena  of,  194-198  ; 
of  constituents  of  food,  198,  200 

Ossification,  completion  of,  a  mark  of  Adoles- 
cence, 1026 

Otic  ganglion,  865 

Oval  Skull,  993 

Ovarium,  structure  of,  889 ;  development  of, 
889;  evolution  of  ovi!*ao9  witbin,  891  ;  dis- 
charge of  ova  from.  891 

Overeruwdin^,  a  predisposing  coiuse  of  aymotio 
diiiease.  407-414 

Ovisac,  891 

Ovum,  structure  of  primordial.  890;  evolu- 
tion of.  891  ;  mnturttion  and  dischnrf^e  of, 
891;  fertilixiition  of.  900;  first  chanaces  in. 
90  ;  subsequent  changes  in,  see  Df.velopnteut 
of  RmhiyiM 

Oxalic  Acid,  action  on  heart,  316  notti ;  in 
urine,  515 

Oxygen,  amount  of,  in  blood,  258;  stimulating 
effect  of.  on  heart,  307 

Oxygen,  sources  of  demand  for.  'iftO.  363  ; 
quantity  of.  required.  3S7  ;  exchange  of  car- 
bonic acid  for.  .'{87;  excretion  of,  424;  res- 
piration in,  261,  394,  403- 


Pancreas,  structure    of.    167;  nerves   of,  167; 

development  of,  ir>7 
Par^creatic  fluid,  coinposttioo  of,  168;  changes 

in  the  cell,  1»19  ;  quantity  of,  169  ;   influence 

of   nervous  system   on.    170;    action    of.   on 

starch,  170;  on  fat.  171  ;  on  albumen.  173 
Papillio.  tactile,  724,  726;  gusUlive,    736-739 
Papuan  Kace,   lOl.i 
Par  VaKum.  origin.  610  ;  distribution,  620  (»e© 

Put  innoi^iisirir  ^Vrrtr) 
Paralyzed  limbs.  lecnpt»rature  of,  545 
Parapef>tones,    formation    of,    fn>m    albumen, 

l.^)S.   17.{ 
Paraplegia.  T>pculiar  Cft!»es  of.  637 
Paenfs.    iiifluefu'e    nf.    on    progeny,    918;   see 

(U:NKU\T[0N,  LtJhtfiKyt  of  P.irciits 


Parotid  Gland,  143  ;  teor«tion  of.  144 
Parturition,  act  of.  644,  910;  regalar  perie4 

and   causes   of,    910;    premature,   913;  rs- 

tarded.  915 
Passion,  inflaenoe  of,  on  seereiion  of  Milk.  87i 
Paupers,  dietary  of.  112 
Pelagian-Negro  Race,  1013 
Pelvis,  form  of.  in  diffiervnt  Racea.  874 
Pepsin,  84,  157 
Peptones,  formation  of,  front  albanlnovs  ema- 

poands,  86,  158.  173  ;  oemotic  energy  of.  117 
Perceptive  centres  of  eerebram.  705 
Periodical  phenomena.  528.  707,  911 
Peristaltic  movement  of  lotwitiDes.  137;  effceti 

of  venous  blood  on.  140;  effects  of  irritatita 

of  various  parts  of  nervous  systeoi  on.  ISd; 

influence  of  mental  states  on.  870 
Persistence    of   sensory    iaipre«iions,    tactile. 

729;  gvstative,  740;  olfaetive,  74};  viiaal, 

771 
Personal  equation.  707 
Perspiration,  521-526  (see  SHdoripanm  £s- 

cftiion) 
Personal  EqnatioB  of  Astrononeieal  observcn, 

796 
PettenkofeHs  test  for  tbe  biliary  acid.  93 
Peyerian  glandalsev  struotare  »nd  relaiioM  of, 

189.  190,  210 
Phthisis,  inftaenoe  of.  on  Pulse.  320 
Phosphatas,  Alkaline,  in  blood,  264 ;  in  nrim, 

500,   514 
Phosphates,  Earthy,  in  urine,  501,  515 
Phosphines,  investigation  of,  777 
Phosphorus,  elimination    of,  by   breathy  49I, 

550  ;  by  arine,  514 
Phosphorescence  of  living  body.  550 
Phrenological    doctrine,   ef  Cerebellam,   6S9; 

of  Cerebrum.  696 
Physical  Basis  of  Life,  57 
Pigment  cells.  62 

Pitch  of  Sounds,  appreciation  of.  701 
Pitch  of  Voice,  regulation  of,  848 
Pituitary  body,  227 
Placenta,  formation  of  fecial   portion  of.  9<M ; 

of  maternal  portion.  9U6 
Placental  murmur,  908 
Platyrrhine   Ape.«,    comparison    of   tbamb  «C 

with  that  of  Man,  41 
Pleuroperitoneal  cavity.  928 
Plexus  myentencus,  137 
Pneumalology  of  the  blood.  257 
Pneumogjistric  Nerve,  origin  of,  610  ;  (renenl 

distribution    and    endowments    of.    621  .  its 

instrumentality  in  deglutition.   \:\\  :  in  hoo- 

ger  and   satiety,   I2l    fiotfr .'  its  influence  oa 

secretion  of  gastric  fluid,  ancl  on  movecDer.u 

of    stomach,    140,    102;  on     n»o*en>ent<i    «>f 

heart.  309  ;  it"*  action    as  excitor  of  re<«pirft- 

tion,  374.  ^^78;  its  influence  on  larynx,  .Vm)  . 

effects  of  section  of,  :W2 
Pointer  and  ^tter,  peculiar  breeding  of,  9)7 
Points,  focal,  of  the  eye,  746 
Points,  nodal,  of  the  eye.  746 
Points,  principal,  of  the  eye.  746 
Poisons,  mode  of  action  of.  28."i  ;   their  pa***** 

into    the  circulation,    2H2  ;   elimination  oC 

froui  blood.  291 
Poisons,  Morbid,    their  substantive  exi-'teT^. 

285  ;  some  generated  within  the  system.  S*^"* . 

z.vm«)tic,    285;   predisposition     to    tb'i'ir  ■«'• 

tivity,  286  ;   course  «»f  action  of,  2hs  :   alt«'%- 

tion  of  blood  by,  289  ;  recovery  of  bloid  fpiOi. 

290 
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Poljnesian  Races,  1012 

Pods  Varolii,  struotare  of,  613  ;  effects  of  sec- 
tion of,  661 

Portal  Vein,  blood  of,  263 ;  comparison  of, 
with  blood  of  hepatic  vein,  263 ;  iu  distribu- 
tion in  Liver,  471 

Portio  dura,  origpn  of,  611,  612;  fonctions  of, 
619.  620 

Positive  ocoommodation  of  the  eye,  749 

Posterior  colnmns  of  spinal  cord,  627 

Potash,  effirot  of.  on  arine,  519 

Potassinm-bromide,  action  on  heart,  316  mo^s 

Pregnancy,  signs  of,  908,  909  (see  G^^station) 

Prehension  of  food,  movements  of,  127 

Presbyopia,  753 

Pressure  of  Blood  in  arteries,  336 ;  in  veins, 
354;  increased  during  inspiration,  340;  in- 
fluence of,  on  secretion  of  urine,.  498 

Primitive  streak  and  groove,  927 

PrisouK,  diet-scale  of  112  (see  Gaols) 

Prognathous  Skull,  991 

Projection  of  objects,  visual  appreciation  of,  | 
764 

Proportion  of  several  constituents  of  body  to 
each  other,  421 

Prosencephalon,  development  of,  960,  961 

Pro9tnte  QIand,  function  of,  850 

Protagon,  87 

Proteids,  81 

Protracted  Gestation,  915 

Pseudoscope,  770 

Psycho-physical  law,  Fechner's,  797-799 

Ptynlin,  84,  146 

Puberty,  the  characteristic  of  Touth,  1026;  in 
female.  892;  in  male,  892;  diseases  of.  1026 

Puerperal  Fever,  predisposing  causes  of.  286 

Pulse.  Arterial,  329;  varieties  of,  332;  mode 
of  propngation  of,  332 ;  rapidity  of  propa- 
gntion  of.  334;  rate  of,  under  different  con- 
ditions, 319 ;  proportion  of.  to  respiratory 
movements,  374  ;  dicrotous,  331 

Pulse,  Respiratory,  340 

Pulstj,  Venous,  354.  355 

Pupil,  action  of.  759;  relation  of,  to  Third 
Pair,  748 ;  to  Sympnthetic.  865 

Purpura,  stite  of  blood  in.  266 

Pus,  formation  and  characters  of,  450,  457, 
459-462 ;  influence  of,  on  coagulation  of 
blood,  275 

Putrescent  Food,  injurious  consequences  of, 
115;  Water,  injurious  effects  of,  contami- 
nated, 116 

Pyin,  85 

Pyramidal  Skull.  992 

Pyramids  of  Medulla  Oblongata  anterior,  606  ; 
posterior,  608 

Pyrensemata,  237 

Python,  temperature  of.  during  incubation, 
35  note 

i 

Qnadntmana,  comparison  of.  with  Mnn,  39-57  ! 
Qu:igga,  transmission  of  marks  of,  920  | 

Quickening,  act  of,  909  I 

Quinine,  action  of,  on  heart,  316,rio/s  I 

Quinoidine,  animal,  93  I 


Races,  origination  of  new,  996 

Rii^s  of  Mankind,  Aiiierican.  1010;  Aryan  or 
Indo  European.  1002;  Berber.  1004;  Bush- 
man. I00<);  Caucnsinn,  100];  Cfltic.  1002; 
Hindostanic,  1006  ;  Hottentot,  1009  ;  Kaffre, 


1008;  Mongolian.  1004;  Malayo- Polynesian, 
1012;    Negro.  1006;    Oceanic,    1011;   Pela- 
gian-Negro,    1013;     Seriform.    1005;    Syro- 
Arabian,  1003. 
Range  of  vision,  extent  of,  750,  779 
Rapidity  of  transmission  of  impulses  through 
motor  nerves,   581  ;    through  sensory,   582, 
797  ;  of  Muscular  movements,  815 
Rattlesnake,  poison  of,  secretion  after  death, 

10.^3  notf.. 
Reciprocation  of  sonorous  vibrations,  785;  by 

membrana  tympani,  787 
Red  Corpuscles,  235  (see  Blood) 
Reeds,  vibrating,  laws  of,  851 
ReJUx  Actions,  general  nature  of,  633 ;  laws  of, 
635 ;  circumstances  augmenting  activity  ot 
635;    of  Spinal  Cord,  ft33-641   (see  Exrito- 
fhotor  Actions) ;  of  Sensory  Ganglia,  656  (see 
Sfff  sort -motor  Actions). 
Refraction,  laws  of,  744 
Regimen  (see  Dift^  Food) 
Relations,  near,  tendency  of  their  marriage  to 

produce  imperfect  progeny,  918,  919 
Relief  of  surfaces,  visual  appreciation  of.  764- 

767 ;  conversion  of,  770 
Reparation  of  injuries,  447;  completeness  of, 
in  lower  animals,  447;  limitations  of,  in 
higher,  447 ;  most  energetic  and  complete  in 
earliest  periods  of  life,  448 ;  not  dependent 
on  inflammation,  448 ;  by  immediate  union, 
449;  by  adhesion,  449;  by  modelling  pro> 
cess.  452 ;  by  suppurative  granulation,  453  ; 
by  secondary  adhesion,  453 
Reproduction  of  limbs  in  foetus,  448 ;  of  lower 

jaw.  448;  of  epithelium,  449 
Resonance  of  sounds,  785 
Respiration,  general  nature  of  the  function, 
360  ;  sources  of  demand  for,  363  ;  appara* 
tus  of,  363   (see  Lungs) ;    mechanism  of 
acts  of.  368 
Movemthts  of  .369  ;  rate  and  extent  of,  371  ; 
force  rxerted  in,  372  ;  maintenance  of,  by 
nervous  system,   374 ;    excitor  nerves  of, 
374  ;   motor  nerves  of,  379  ;  modiflcations 
of,  38 1  ;  effects  of  compression  and  rarefac- 
tion of  air  on.  394.  395 
Effects  o(,  on  Air,  384;  amount  of  air  con- 
sumed. 385;  changes  in  its  proportions  of 
oxygen  and  carbonic  ncid,  387;  quantity 
of  carbonic  acid   imparted    to,   388— 'iU2  ; 
changes  in   proportion   of  nitrogen,  399  ; 
watery  vapor  imparted  to,  400 ;    absorp- 
tion from,  401 
Effects  of,  on  Blood,  257-262 
Consequences  of  Sufpenfiou  of,  404 
Bffecte>  of  D^firiet0cy  of,  shown  in  predispo- 
sition to  symotio  disease.  408 ;   predispo- 
sition to  spasmodic  diseases.  411  ;  excess  of 
mortality  attributable  to,  412;  apparatus 
of  Pettenkofer  for  experiments  on,  414 
Respiration  of  hydrogen,  403  ;  of  nitrogen,  403  ; 

of  oxygen,  403 
Respiratory  Pulse,  354 
Restiform  bodies.  606 
Rete  amplum  and  rete  angustum  of  intestinal 

lymphnticH,  187.  188 
Retia  mirabilia  of  lymphatics,  206 
Retina.  8tructure  qf,  753-757;  most  sensitive 
point  of,  756,  776  ;  lea-^t  sensitive  point  of, 
756,  776;  persistence  of  impre.csiong  on.  771  ; 
irradiation  of  impressions  on,  77^;  spectra 
pro<luced  by  pre^.sure  on,  777;  circulation  in, 
rendered  visible,  778;  development  of,  961 
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RhinencephaloD,  development  of.  960 
Rhjthinicnl    movements   of  heart,    298 ;    (see 

H*-ait)\  of  veraeln,  :{28,  329;  of  diapbragiD, 

37 A  ;  of  UDstriped  muscles,  821 
Rigor  Mortis.  827 
Rutifera,  usplanobnic  character  of  males  of,  33 

HOtfi 

Rudi mental  parts,  uses  of,  281 


Sabndillin.  action  of,  on  heart,  317  notn 

Saccharine  constituents  of  food,  94  ;  digestion 
of,  170 

Saccharine  matter  in  blood,  254,  483 

Sacctili  of  Colon,  use  of,  141 

St.  Kilda,  mortality  at  412 

St.  Martin,  case  of,  156,  158.  159>1A2 

St/iva.  compofiition  of,  145,  147;  different 
kinds  of.  145-148;  uses  of.  147;  influence  of 
nervoui)  system  on,  148-151  ;  quantity  of.  se- 
creted daily.  147;  influence  of  kind  of  food 
upon  quantity  of,  147 

Salivary  Glands.  143 

Sali$),  common,  advantage  of.  in  food,  98  ;  Neu- 
trnl.  influence  of,  on  change  of  color  of 
blood,  262;  in  retarding  ooiigulution  of  blood, 
273 

Salts  of  Blood,  normal  proportion  of.  264  ;  ra- 
riiitions  of,  in  disease,  269  ;  uses  of.  434 

Snltsof  Urlre,  500,  5«4  ;  of  Saliva,  145.  147 

S'ltgnijiration.  process  of,  205.  230;  share  of 
Liver  in  205;  of  Absorbent  System,  206- 
218  ;  of  Ductless  Glands.  218-220 

Sanguinarin.  action  of.  on  heart,  317  lutte 

Sanitkritic  languages,  1002 

Sarcode.  57 

Sarkin.  92 

Sntiety,  ."enpe  of.   Ill 

Sc:ib.  t'oimntion  of.  450  ;  nrtificiiil,  452 

Scurvy,  cnupe.**  of.  IdU  notr  ;  state  of  blood  in, 
2rt7:   at  Millbank,  125 

Secondarily-Automatic  actions,  645-648,  665, 
672 

Se(Iiktion.  its  relation  to  Excretion.  465,  466  ; 
vicarious  relation  between  that  of  gkin  and 
kidneys.  4fi7  ;  influence  of  nervous  syptera 
on,  87J^  :  continuance  of.  after  death,  912; 
metastasis  of,  467;  see  Bi/f.  Go-'-tric  Juice, 
]\fi/k,    Panrre>itit   Fluid,   iSalitxt,  Urinr,  etc. 

Segmentation  of  vitelliis, 

Self  control,  see   Volition 

Semicircular  Canal*,  functions  of,  790-794  ; 
effects  of  section  of,  658 

Seminal  fluid,  characters  of,  884 

Semitic  Race,  1003 

i^nsntioii.  its  seat  in  the  Sensoriura.  566,649. 
6«U  ;  peneral.  651,  721;  special.  651,  721; 
dependence  of,  on  capillary  circulation.  722  ; 
viirious  kinds  of.  723;  excitement  of,  by 
electricity,  724  ;  by  mechanical  impressions, 
724 

Seiistitions,  their  seat  in  Sensory  Ganglia,  656 

Sensibility,  muscular,  732 

Sensibility,  tactile,  relative,  of  different  parts 
of  skin.  727,  728 

StHsoii  motor    Artiou.%,     their    correspondence 

with   the  instinctive  of  lower  animals.  561- 

5r)3  ;   th"ir  independence  of   the  Cerebrum, 

66»)  ;   their  establishment  by  habit.  665,  763 

Sens  irium.    its    special    seat    in    the    Sensory 

(T.injfli.i,  »).')6 
iSm^oru  Gnn\:lii,  general   structu  e  and   rela- 
tions of,  666,    649;    their  nerves,   651-655; 


I      their  relative  predominance  in  lower  antasU. 
563.  566,  567,  655 ;  fonetions  of.  656 :  ibe 
probable  seat  of  Sensation  for  external  !■• 
pre^sions,  656  (see  Se9isattoH);  alao  forCtre- 
bral  changes.  707 ;  reflex  fanetions  of,  143 
(see  S'ltsori  motor  Actions):  tbeir  panieipa- 
tinn  in  volantary  actions,  646 
j  Sensory  Nerves,  Inws  of  transmiasion  tbroagh, 
!      572  ;  see  Afferent  Nerve-fibres 
j  Sensory  Tract  of  Medalla  Oblongata,  614 
I  Seriform  Race.  10<i5 
Serous  layer  of  Germinal  membrane.  814 
Serous  effusions  of  Inflmnmation,  457 
I  Serum.  234.  271  ;  proportion  of  to  erai«aaMi> 

tum,  276  ;  transudation  of.  457 
I  Setter  and  Pointer,  pecali.ir  breeding  of.  917 
;  Seventh  Pair  of  Nerves,  619  ;  deep  origta  ef. 
610 
Sex  of  FoetQs,  causes  of.  965 
Sfj-es.  proportional  number  of.  y65  :  difforvacN 
in  general  development  of,  9^6 ;  in  viability, 
I      967  ;  in  composition  of  blood.  255  :  in  polie. 
319  ;  in  respiration,  389  ;  in  peyebieal  ehar- 
'      acter,  969 

Sexual  sensation,  probable  seat  of,  685 
Sheep,  new  breeds  of,  996  moU 
Shock,  effect  of    on  heart>  314;  oa  capillary 
circulation.  353 
.  Sighing,  net  of,  381 
Single  Vision,  conditions  of,  762,  837 
Sinus  rhomboidalis,  960 
Six-finsered  families.  996 
Sixth  Pair  of  Nerves.  617  ;  deep  origin  oC  613 
i  Sixe,  visaal  appreciation  of.  768 
Skeleton,  development  of.  952 
'  Skin,  structure  of.  520  ;  color  of.  its  variattoa 
I      in  Man.  9H8  ;  absorption  by,  203  ;  re-pin- 
tion  by.  395  ;   transpiration  from,  5:*5 
Skull,  forms  of,  in  different   races,  yi»«»  ;   T'''.»f. 

nalhou.«j.  991  ;  pyramidal.  992  :   o^al    i*y-1 
SUtj).   definition  of,    708;   the€>ry  of  cau^e  'f, 
7(»8  ;  circulation  in  the  brain  during.  T'** 
dreaming  during,   70y  ;   necessity  f'>r.    Tt'V 
periotiicily  of,  709;   predisposing  infi  i^ncrt 
to.  710  ;   means  of  inducing.  7ll  ;    .ler***  ol 
71  I  :    intermediate    states   between    ^]erpitLg 
and  waking.   711  ;   influence  of  exj>e«*t-it>oa 
and  habit  in  inducing.  712  ;  influence  '^f  in- 
pressions  on  the   mind  of  the  slee|H»r.   7i3; 
amount  of.   re«|uired   by  M.nn.  711  ;    f.i»e<«  ••( 
nb-'ence  and  deficiency  of,  715;   undue  pro- 
traction of.  716 
Smi'i,  sense  of.  64  5.  648,  651,  652  ;    nerves  f^ 
740;  their  distribution.  740-742:  rondiri'>ii 
of.  7tl  ;  U'^es  of.  742:  improvement  of.  743. 
modificition  of,  by  habit,    743;   dur>tioa«>f 
»mpre>«*ion,s    on.    744;     its     particip  iti«>n  io 
T  iste,  744  ;  exaltation  of,  in  Somnnmbai.fm. 
719 
Snake,  temperature  of,  during  incubation.  35 

note 
Sneezing,  act  of,  382 
Sobbing,  act  of.  .382 
Solar  plexus  of  Sympathetic.  863 
.Solidity,  perception  of,  764 
Somitic  Death.   10.33 
Somatopleure,  928 

Somnambulism,  relations  of,  to  sleep  and  reve- 
rie, 718;  suspension  of  volition.-tl  controi  io, 
718;   phenomena  of.  719 ;  me.smeric,  719 
Sound    accompanying    muscular    contractloa. 

812 
Sounds,   propagation  of,  780 ;  meana  of  deter 
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miniDg  direotioD  of,  790,  705 ;   distanoe  of, 
795  ;  pitch  of,  791  ;  natare  of  musical,  781 

SooDds  of  Heart,  304 

Sonnd  Colors,  781 

Spartein,  aoiion  o(^  on  heart,  3 17  note 

.Specific  identitj  or  diversity  of  HumaD  Baoes, 
qaestioD  of,  987,  1000 

Speech,  participation  of  central  organs  in,  000 

SpectruDi  Analysis  of  the  Blood,  248 

Spectram  of  Bile,  478,  479 

SpermatoBoa,  nature  and  evolution  of,  885  ; 
essential  importance  oi^  in  fecundation,  887 

Spheno- palatine  ganglion,  865 

Spheno-pnlatine  ganglion  of  Sympathetic,  863 

Spherical  Aberration,  745 

Sphincters,  action  of,  141,  643 

Sphygmographs,  construction  of  various,  330, 
331 

Sphygmographic  tracing  of  the  cardiac  move- 
ments, 301  ;  of  arterial  pulse.  331 

Spinal  Accessory  Nerve,  deep  origin  of,  609 ; 
distribution  and  functions  of,  623 

SpiNttl  Cordy  structure  of.  597 :  externnl  con- 
formation of,  598  ;  vesicular  substance  of, 
599;  fibrous  strands  of^  602;  connection 
of,  with  nerve  roots,  601 
Functions  of.  626  ;  as  a  conductor  of  sensory 
impressions  and  of  motor  impulses.  627 ; 
as  an  independent  centre,  633  ;  its  proper 
reflex  actions,  634 ;  their  relation  to  the 
Organic  functions,  642  ,*  their  protective 
character,  644  ;  their  subservience  to  loco* 
motion,  644 ;  its  influence  on  Muscular 
tension,  648 ;  development  of,  840 

Spinal  Nerves,  615;  double  function  of  their 
roots,  571 ;  their  connection  with  the  Spinal 
Cord,  571 

Splanchnic  nerves,  328 

Splanchnoplenre,  928 

Spleen,  structure  of,  218-221 ;  chemical  com- 
position of,  221 ;  lymphatics  of,  221 ;  nerves 
of,  221 ;  chemical  composition  of,  226 ;  de- 
velopment of,  221 ;  functions  of,  222,  226 ; 
blood  of,  263 

Splenic  Blood,  263 

Stammering,  nature  of,  861 ;  treatment  of,  861 

Stapedius,  functions  of,  788 

SUrch.  a  constituent  of  food,  94.  100;  its 
transformation  by  saliva.  148;  by  pancreatic 
fluid,  170;  by  intestinal  fluid,  179;  impor- 
tance of,  in  protecting  other  tissues  from  the 
action  of  oxygen,  428,  434;  production  of 
fat  from,  432 

Starvation,  effects  of,  124-127  ;  death  by,  124; 
Chossat's  experiments  on,  124,  540;  acute, 
124;  slow.  125 

Stereorin,  97 

Stereoscope,  765 

Stethometer,  Sanderson's  recording,  371 

Stimuli,  action  of  various,  on  nervous  system, 
518 

Stomach,  movements  of,  132-136;  action  of, 
in  vomiting,  135 ;  influence  of  pneumogas- 
trio  on,  134,  162  ;  influence  excited  by  sym- 
pathetic upon,  163;  lymphatictf  of,  154  ;  se- 
creting follicles  of,  151-155  ;  nerves  of,  155  ; 
villi  of,  154;  secretion  of  gastric  juice  by, 
155-158  ;  digestion  in,  156-166  ;  temperature 
of,  during  digestion.  162 

Strabismus,  pathology  of,  838 

Strength,  feats  of,  839 

Strings,  vibrating,  laws  of,  849 

Stroma  of  blood -corpuscles,  236 


Strychnia,  action  of,  on  heart,  316  natf,  317 ; 
action  on  blood-pressure  after  section  of 
spinal  cord,  327 

Sublingual  Oland,  146,  148;  secretion  of.  146 

Submaxillary  Ganglion  of  Sympathetic,  856 

Submaxillary  QIand,  146 ;  secretion  of,  148 

Succinic  Acid,  96 

Succus  Enterious,  177;  its  use  in  digestion, 
178 

Sucking,  act  of.  578 

Stut^niparoui  Excretion,  composition  of,  520; 
quantity  of,  522 ;  vicarious  with  urinary, 
498,  525  ;  consequences  of  suppression  of, 
526  ;  frigorifying  effect  of,  524 

Sudoriparous  Glandules,  520 

Sugar,  a  constituent  of  the  body,  94  ;  formation 
of,  in  liver,  483 ;  pasi>age  of.  into  urine,  after 
lesions  of  nervous  system,  487 

Sugar,  Grape,  94 

Sugar,  Milk.  95 

Sugar,  Muscle,  95 

Sulphates,  Alkaline,  in  urine,  500,  573 

Sulphocyanide  of  Potassium,  in  the  Saliva.  146 

Sulphuretted  Hydrogen  Gas,  action  of  on 
Heart,  316  uote 

Superfoetation,  916 

Supernumerary  Parts,  442-448 

Suppuration  of  wounds.  453 

Suprarenal  bodies,  structure  of,  222 ;  develop- 
ment of,  223;  function  of.  228;  effects  of 
ablation  of.  223 ;  effects  of  disease  of,  223 

Surgical  Fever,  predisposing  causes  of,  287 

Swallowing,  act  of,  129 

Symmetrical  diseases,  280 

S^mpatkf^tir  System,  ganglia  of,  863:  struc- 
ture of  rami  communicantes,  864  ;  myenteric 
ganglia  of,  137 

Syncope,  death  by,  1033 

Syntonin,  83,  157 

Syro- Arabian  Race,  1003 


Tactile  corpuscles,  725 

Tamulian  Language,  1006,  1014 

Tanghinia  venenifera,  action  of  poison  of,  on 

Heart,  316 
Tannic  acid,  action  of  solutions  of,  on  blood- 
corpuscles,  236 
Taste,  ganglion  of.  610,  612;  nerves  of,  617, 
621;   Sense  of,  733;  special  conditions  of, 
734 ;   seat   of.   735,  736 ;    papillse  of.    736  ; 
varying  acuteness  of.  738  ;  rapidity  of,  738  ; 
participation  of  smell  in,  739 ;  objects  and 
uses  of,  739;  improvement  of,  by  habit,  740  ; 
oases  of  loss  of,  739  itfite 
Taurin.  480 

Taurocholic  acid,  93.  418 
Tea,   composition   of,    120;    influence  of,    on 

urine,  518 
Teeth,  structure  of,  75 ;  deciduous  exuviation 
of,  418;  development  of,  1021;  development 
of  permanent.  1024 
Temperature,  normal,  of  man,  529 
Temperature,  normal,  of  infants,  530 
Temperature,  normal,  of  aged  persons.  530 
Temperature,  diurnal  variation  of,  530 
Temperature,  effects  of  exercise  on,  531 
Temperature,  effects  of  ingestion  of  i'ood  on, 

532 
Temperature,  effects  of  external  cold  on,  533 
Temperature,  effects  of  disease  upon.  534 
Temperature,  effects  of  moisture  in  air  on,  516 
Temperature,  rise  of,  after  death,  535 
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Temperatare,  extremes  of,  endared  bj  man, 
538 

Temperature,  sense  of,  730 

Temperatare,  of  the  blood  in  different  parts  of 
the  body,  233 

Tension  of  Muscles,  influence  of  Spinal  Cord 
on.  648 

Tensor  tympani,  functions  of,  788 

Testes,  structure  of,  882  }  development  of,  948 

Tetanomotor,  Ueidenhain's,  818 

Tetanus.  818 

Thalami  X)ptici,  050 ;  tlieir  relation  to  Cere- 
brum, 650  ;  their  functions,  659 

Thebain,  action  on  vasomotor  centre,  328 

Thein,  action  of,  on  heart,  316  note  ;  effect  of, 
on  urine,  518 

Third  Pair  of  Nerves,  617 

Thirst,  immediate  source  of  sense  of,  122; 
death  by.  124 

Thymus  Olnnd,  structure  and  development  of, 
224-226  ;  function  of,  228.  230 

Thyroid  Qiand,  chemical  constituents  of,  226  ; 
structure  of,  226;  development  of,  227; 
function  of,  228^230.  846  nUa 

Tobacco,  influence  of,  on  body,  119 

Tongue,  papillae  of,  735-738;  sensory  nerves 
of,  612.  616,  620,  736,  737;  motor  nerves  of, 
624  (see  Ta$te) 

Tongues,  vibrating,  laws  of,  851 

Touch,  ganglia  of.  650;  nerves  of,  570;  Sense 
of,  724  ;  papillflB  of,  724,  725  ;  vnrying  ncute- 
ne98  of,  727  ;  theory  of  sense  of,  728 ;  dura- 
tion of  impression  of,  729 ;  iinowledge  ac- 
quired by,  729  ;  improvement  of.  by  prsictice 
and  attention.  732;  combination  of,  with 
visual  sense,  766 

Toxic  Diseases,  general  pathology  and  thera- 
peutics of,  281-289.  291 

Trainers,  diet  of,  114  note 

Trancf,  causes  of,  1036 

Traube'a  curves,  328,  340 

Tricuspid  valve,  imperfect  closure  of,  303 

Trigeminus,  015  (see  Fifth  Pair) 

Trismus  Nascentium,  mortality  from,  412 

Trophic  Nerves,  870 

Tuber  Annulare,  effects  of  section  of,  662  ; 
effects  of  electric  current  on.  662 

Tubercle,  nature  of,  A^VA 

Tubercuia  Qujidrigemina,  649.  657 

Tubercular  Dijithesis,  463;  inoculability  of, 
463  note ;  manifestation  of,  at  different  ages, 
1028 

Tubes,  effects  of  various  conditions  on  flow  of 
liquids  through,  334,  335,  note 

Tumors,  their  relation  to  hypertrophies,  443  ; 
malignant,  289 

Turkish  Uace,  1004 

Tympanic  apparatus,  structure  and  uses  of, 
786-790 

Typhoid  fever,  alteration  of  blood  in,  265 

Tyros  ill,  88 


TTJotrichi.  990 

Umbilical  cord,  structure  of,  938 

Umbilical  vessels,   938  ; 

Upas  Antiar  poison,  action   of  on  heart,  316;  I 
on  motor  nerve,  821  | 

Urachus,  9:^8.  949  i 

Uriomia,  pathology  of,  496 

Urea,  91  ;  its  ordinary  proportion  in  urine, 
500-603  ;  influence  of  inanition  on  excretion 
of,  426;  sources   of,    510,  various   oircum-  I 


stances  affecting  quantity  of.  50^-507:  iti 
presence  in  blood,  264,  502,  511  ;  in  tweet, 
522,  525  ;  oonsequencea  of  it«  non-eliouBi- 
tion,  496 

Uric  acid,  89 ;  its  ordinary  proportion  in  orinf, 
507  ;  variations  in  its  amoant,  51)8,  5M: 
sediments  produced  by,  509 

Urination,  act  of.  142.  519,  M3 

Urine,  secretion  of,  490  ;  excrementitiou  char- 
acter of,  490,  518;  physical  properties  of, 
497  ;  quantity  of,  498  ;  oirenmstences  affect- 
ing quantity,  498  ;  speeifio  grarity  of,  5M; 
composition  of,  501  ;  influence  of  inaaitioa 
on,  425,  427  ;  coloring  matter  of,  510  ;  gasei 
contained  in,  516  ;  differences  of,  with  sfv. 
503 ;  influence  of  diet  on.  503  ;  iafloeDce  of 
diuretic  medicines  on,  504.  519;  Organie 
components  of,  501  (see  ZTr«a.  Urie  Arid. 
etc.);  acidity  of,  516;  alkalinity  of  517: 
Inorganic  components  of.  513;  sugar  ia 
486  ;  lactic  acid  in,  513  ;  Tioarions  seeretioii 
of.  468 

Urobilin,  478 

Uro-geniUl  sinus,  949 

Uterine  GlandulsB,  902 

Uterus,  inherent  motility  of,  909;  increase  of. 
during  pregnancy,  908;  action  of^  io  parts- 
rition,  911 ;  temperature  of,  in  parturitioe, 
539;  subsequent  degeneration  of,  439.  911 . 
embryonic  development  of,  948 ;  mdimeot- 
ary,  of  male,  949 


Vaccine  virus,  nature  of.  285,  289 
Valves  of  Heart,  303  :  difference  of  mitral  sad 
tricuspid,  303 ;  sounds  produced  by  teosioi 

of,  304,  305 
Vao  poison,  action  of,  on  heart,  316 
Vapor   aqueous,  absorption  of,   202.  402  ;   ex 

halation  of,  40o 
Variation,  tendency  to,  995 
Varieties  of  Man,  their  essential  conformity  ifi 

structure,  987  ;   in  physiological  character*. 

997  ;  in  psychical  endowments,  998  ;  in  Un 

guages,  999  (see  liacrs) 
Vascular  Area.  933 
Vasomotor  centre.  3!)7,  868 
Vasomotor  nerves.  327,  758.  865.  868 
Vegetables,  fresh,  an   es.^ential  article  of  diet 

109 
Vegetarianism.  106 
Veins,  structure   of,  353  :    movement  of  bl><>l 

in,  353  ;   causes  of  motion  of  blood   in.  354. 

congestion  in.   356  ;  on   muscle,  820  .   .ierti. 

opment  of  first  set,  933  .-   of  second  set.  940 
Venous  Blood,   differential  characters  of,  2.U 

257.   262;  cau.«es   of  variation  of  co|.>r  ir 

262;    influence    of,    on   intestines,     14i»     "2 

respiration.  375 
Ventilation,  409 
Ventricle  of  Heart,  effect  of  pregnancy  on  left. 

294 
Veratria,  action  of.  on  Heart,  317  note 
Vertebra,  typical,  954 
Vertebrae,  cranial,  955 
Vertebral  Column  of  Man,  comparison  of.  with 

that  of  Apes,   47  ;   first  indicationi  of  931 

953 
Vesicula  Prostatica,  its  real  import.  949 
Vesiculte  Seminales,  function  of.  8'<S 
Vesicular  nerve  substance,  553 
Vessels,  blood,  development  of,  933,  936 
Vestibule  of  Ear,  782 


INDEX   OF    SUBJBCT8. 


1083 


Viability,  early,  of  foetas,  913;  relative,  of  two 
Sexes,  967 

Villi,  intestinal,  strnotore  of,  6t,  187;  of 
stomooh,  154 

Vision,  ganglia  of,  650 ;  nerves  of,  652,  753  ; 
Sense  of,  744,  780  ;  optical  conditions  of,  744- 
747  ;  defects  in,  745  ;  accommodation  of,  for 
varying  distances  of  objects,  748 ;  nervous 
apparatus  of,  753-757 ;  limits  of,-  757 ;  nse  of 
in  combination  with  tooch,  761 ;  erect,  cause 
of,  762.  763 ;  single,  conditions  of.  762 ;  ap- 
preciation of  solid  forms  by,  764;  of  dis> 
tanoes,  767;  of  sise,  768;  conversions  of 
relief,  770;  persistence  of  impressions,  771 ; 
complementary  colors,  773;  colored  shadows, 
773  ;  acuteness  of  perception  for  colors,  776 ; 
rapidity  of  perception,  774 ;  want  of  power 
to  difltingaish  colors,  775  ;  irmdiation  of  im- 
pressions, 775  ;  vanishing  of  images,  776  ; 
perception  of  laterally  situated  ejects  by, 
776  ;  imperfect  perceptivity  of  uptio  disk, 
777;  electrical  current  induced  by  light, 
777 ;  phosphdnes,  777 ;  representations  of 
vessels  of  retina  itself^  778  ;  improvement  of, 
by  attention.  779  ;  importance  of,  in  guiding 
movement,  668;  appreciation  of  varying 
amounts  of  illumination  by,  779 

Vital  Economy,  balance  of,  421.  440;  ordi- 
nary diet,  421  ;  in  inanition,  425 ;  with  pure 
meat  diet,  428 ;  with  meat  nnd  fat.  429  ; 
with  sugar  and  meat,  429;  diflferences  be- 
tween Carnivora  and  Herbivora,  in  respect 
to.  429 ;  changes  undergone  by  albumen  in 
maintaining.  81.  430  ;  changes  undergone  by 
fat  in  maintaining,  68 ;  changes  undergone 
by  sugar  and  starch  in  maintaining,  93.  434 ; 
application  of  inorganic  constituents  of  the 
food  to  maintenance  of,  434 ;  work  done  in 
and  by  the  body,  434 ;  substitution  of  new 
tissue  for  old  in,  437 ;  necessity  of  due  sup- 
ply of  nervous  power  for  maintenance  of,  440 

Vitelline  Duct,  928.  933. 

Vitelline  Vessels,  933 

Vitellus.  925  ;  its  segmentation,  925,  931 

Voice,  ordinary,  mode  of  production,  853; 
fnloetto,  854 

Votiiiou,  fixation  of  attention  by.  in  states  of 
Dreaming  and  Somnambulism.  716-718 

VoHiional  Actions,  their  source  in  the  Cere- 
brum, 706 

Voluntary  Movements,  their  dependence  on 
guiding  sensations,  666,  667 ;  performed  by 


instrumentality  of  Sensor!- Motor  apparatus, 
669;  not  in  themselves  distinguishable  from 
involuntary  movements,  829;  but  result 
from  an  impulse  originating  in  Cerebrum, 
706 

Vomiting,  act  of,  135 

Vowel  sounds,  856 ;  discrimination  of,  858 


Walking,  movements  executed  In,  831 

Water,  the  natural  drink  of  Man,  116;  effects 
of  drinking  large  quantities  of,  116 ;  effects 
of  impurity  of,  116  ;  effects  of  deprivation  of, 
123;  normal  proportion  of.  in  Blood,  253; 
alterations  in,  257 ;  transudation  of,  by  Kid- 
ney, 498 

Water-dressing  of  wounds.  451 

Weight,  appreciation  of,  729,  730 

White  Corpuscles,  241  ;  see  Bloody  Colorless 
Corpuscles 

Wolffian  bodies,  948 

Woorara  poison,  influence  of.  on  secretion  of 
Saliva,  151;  action  of,  on  Heart,  315,  316 
7/0/0/ action  of,  on  Animal  beat,  547;  effect 
of,  on  motor  nerves,  821 


Xanthin,  92 


Yawning,  act  of,  382 ;  consensual  suggestion  of, 

382 
Yellow  Fever,  elevation  of  temperature  after 

death  from,  535;  continuance  of  capillary 

circulation   in,   348 ;   immunity  of  Negroes 

from.  997  note 
Yellow  Spot  of  Retina,  754,  756.  776 
Yolk  of  Egg,  of  fowl,  structure  of,  925  ;  of  fish, 

rotation  of.  931 
Youth,  characteristics  of,  1025 


Zo-amyline.  484 

Zona  pellucida,  931 

Zymogen,  170 

Zymotic  poisons.  285;  predisposition  to.  in 
consequence  of  state  of  blood,  286-289; 
from  bad  air,  286 ;  from  putrescent  food, 
115;  from  putrescent  water.  1 16  ;  from  alco- 
holic liquors,  118;  from  starvation,  124; 
from  deficiency  of  respiration.  408-411  ;  ten- 
dency  of  the  system  to  eliminate,  291 
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CUoictfcl  Lectures  and  HoHpUal  Uleaniugs;  wbde  iho  '  i-im.  lui    i'#:rA»Tk 

Tolcd  to  publishing  b  tan  da  rd  works  on  the  variuus  bra  ache*  ot  me  414.-11]  ^cii 


*  Caumu^ieikUotie  at^  Iiifl(t4  from  Btfttlflmvii  1«  nit  pmru  «if  tUt  aouMtrjr,    BlabM^ttt*  «fila^| 
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separately,  so  that  they  can  be  removed  aud  booDd  on  completioD.  In  this  maoQer 
sabscribcrs  have  received,  without  expense,  such  works  as  "Watson's  Practice," 
"Todd  and  Bowman's  Physiology,"  "West  on  Children,"  **  Maloaione's  Sur- 
gery," *' Stokes's  Lectures  on  Fever,"  &c.  &c.  With  July,  1876,  will  be  commeDced 
the  publication  of  Gosselin's  *'  Clinical  Lectures  on  Surgery,"  translated  from  the 
French  by  Lewis  A.  Stimson,  M.D  ,  Surgeon  to  the  Presbyterian  Hospital,  New  York 
(see  p.  26),  rendering  this  a  particularly  desirable  time  for  the  commencement  of  new 
subscriptions. 

As  stated  above,  the  subscription  price  of  the  "  Medical  News  and  Library"  is 
One  Dollar  per  annum  in  advance;  and  it  is  furnished  without  charge  to  all  advance 
paying  subscribers  to  the  **Ambrican  Journal  of  the  Medical  Sciences." 

III. 

THE  MONTHLY  ABSTRACT  OF  MEDICAL  SCIENCE. 

The  "Monthly  Abstract"  is  issued  on  the  first  of  every  month,  each  number  con- 
taining forty-eight  large  octavo  pages,  thus  furnishing  in  the  course  of  the  year  about 
six  hundred  pages.  The  aim  of  the  Abstract  will  be  to  present  a  careful  condensa- 
tion of  all  that  is  new  and  important  in  the  medical  journalism  of  the  world,  and  all 
the  prominent  professional  periodicals  of  both  hemispheres  will  be  at  the  disposal 
of  the  Editors.  To  show  the  manner  in  which  this  plan  has  been  carried  out,  it  is 
sufficient  to  state  that  during  the  year  1875  it  contained — 

49  Articlea  on  Anatomy  and  l*hyaioloffy, 

S6  *'  **   Materia  Mrdica  and  Therapeutics, 

204  "  **  MediHne. 

1H3  **  **  Surgery. 

118  •'  **  Midwifery  and  Gyn<Broloay, 

18  **  **  Medical  Juriaprudenee  and  Toacieotogy, 

8  **  **  Hygiene— 

making  in  all  Six  Hundred  and  Twenty-Nine  articles  in  a  single  year. 

The  subscription  to  the  **  Monthly  Abstract,"  free  of  postage,  is  Two  Dollars 
and  a  Half  a  year,  in  advance. 

As  stated  above,  however,  it  will  be  supplied  in  conjunction  with  the  "American 
Journal  op  tub  Medical  Sciences"  and  the  "Medical  News  and  Library,"  making 
in  all  about  IVentyone  Hundred  pages  per  annum,  the  whole /ree  of  postage,  for 
Six  Dollars  a  year,  in  advance. 

The  first  volume  of  the  "  Monthly  Abstract,"  from  July  to  December,  1874,  can 
be  had  by  those  who  desire  to  have  complete  sets,  if  early  application  be  made,  for 
$1  50, 1  vol.  8vo  .  of  300  pages,  cloth ;  also.  Vol.  II.  for  1875,  8vo  ,  600  pp.  cloth,  for 
$3  00. 

In  this  effort  to  bring  so  large  an  amount  of  practical  information  within  the  reach 
of  every  member  of  the  profession,  the  publisher  con^dently  anticipates  the  friendly 
aid  of  all  who  are  interested  in  the  dissemination  of  sound  medical  literature.  He 
trasts,  especially,  that  the  subscribers  to  the  "American  Medical  Journal"  will  call 
the  attention  of  their  acquaintances  to  the  advantages  thus  offered,  and  that  he  will 
be  sustained  in  the  endeavor  to  permanently  establish  medical  periodical  literature 
on  a  footing  of  cheapness  never  heretofore  attempted. 

PBEMIUM  FOB  OBTAIHIirG  NEW  8UBS0BIBEB8  TO  THE  "JOUBNAL" 

Any  gentleman  who  will  remit  the  amount  for  two  subscriptions  for  1876,  one  of 
which  must  be  for  a  nexo  subscriber,  will  receive  as  a  premium,  free  by  mail,  a  copy  of 
''Flint's  Essays  on  Conservative  Medicine"  (for  advertisement  of  which  see  p.  15), 
or  of  "Sturoes's  Clinical  MEDicrNE"  (see  p.  14),  or  of  the  new  edition  of  "Swayni's 
Obstetric  Aphorisms"  (see  p.  24),  or  of  *' Tanner's  Clinical  Manual"  (see  p.  5), 
or  of  "Chambers's  Restorative  MEDiciifB"  (see  p.  16),  or  of  "West  on  Nertous 
Disorders  of  Children"  (see  page  21). 

%*  Gentlemen  desiring  to  avail  themselves  of  the  advantages  thus  offered  will  do 
well  to  forward  their  subscriptions  at  an  early  day,  in  order  to  insure  the  receipt  of 
complete  sets  for  the  year  1876,  as  the  constant  increase  in  the  subscription  list 
almost  always  exhausts  the  quantity  printed  shortly  after  publication. 

ffg'  The  safest  mode  of  remittance  is  by  bank  check  or  postal  money  order,  drawn 
to  the  order  of  the  undersigned.  Where  these  are  not  accessible,  remittances  for  the 
'^Journal"  may  be  made  at  the  risk  of  the  publisher,  by  forwarding  in  bboisterbd 
letters.    Address, 

HENRY  C.  LEA, 

Nob.  706  and  708  Sansom  St.,  Philaoblpbia,  Pa. 


HiNhi  C.  LiA  b  FuBUCATloiib — (i/i4tum<trMr>* 


n  UNO  Lisa  N  (ROBLEF),  M.D., 

MKBICAL   LEXICON;   A  Dictionaey  of  McmcAL  ScuiBrcji:  Cofc 

Uinmg  a  concur  AcplAnatioB  6f  the  T&nous  Babj«et0  ftad  T«nug  of  As»t«a|, 
Pmthobgj,  flyfieof,  Th^rupeatirft,  PhBrmacologj,  PbarmmpT    ?yr-#rt ,  0}i*t*trv'fr 
Jnrbpriiden^:'?.  JUPd  D«  a  He  try.     Notice  9  ^f  Ctimat«  an<j  of  '  'a«te  br 

OtBi^inal,  KmpiHtMiL.  Jind  Dietetic  Prepftr&tiom;  witb  tbv  /  l||«|m  tl 

thr  T^ruiB.  rtol  (hr  Frmeb  And  orbfr  SjnoajmeB ;  id  ms  to  ri<Eiiittia;<r  »  i  rvftfii  mvSm 
EufUFb  ^lediral  L«xlri>D.     A  New  Edilion.     Thortnif^hlj  E«Ti««d,  asd  ^^17  grwmtfy  ll«4 

»oni«T«)Yii>t  ocUto  voloiDe  of  over  1100  pOfeA.     CloUk*  $6  5CI ,  loml^er,  i»l»od  M»di,  ff  tl 

Tbe  object  of  tha  aiitbor  from  the  c»aftie|  bat  not  bern  to  iQftk«  th«  ircrk  a  varet 
^ietiotirtr^  (»f  t«niia,  but  tc  afford,  under  aftch,  a  condea^ed  Hew  cf  Iti  raripttt  tardir^l 
and  tbiji^  lo  frnder  tbe  work  an  epitcime  nf  the  existing  ^otiditioii  «f  a«dlea|  jyia^tia.  filMfte 
iritb  tbiF  vi^w.  th«  itanavii«F  demaQtl  wbich  bait  «xijit«d  for  tbe  wufk  ha«  vnmblpd  hla.»  ta  rvfaaS 
rerieiont*  t«  sqgmenL  it?  ecimpleteneM  and  Dsefulave^,  antil  at  kngtb  It  ham  mUaSmm^  ^kt  fmHim 
0t  a  rB^ngn"«Jd  «^d  Bt^iiidikrd  authority  wb«rei>r«r  tbe  lapg^age  ii  ipolieA* 

gp«dul  pMinB  hsTe  be#n  (aken  is  tbe  pteparitticin  of  tbe  prcM^Di  *4HIaii  lomftlotAlB  tUl  » 

*UblerrpHltititJii*     DutJDglhi?  t  r  -      -    --hich  bare  elupped  «inct    ' 
'  io  Ibf  nt^mrnHaiureof  (be  meHi.  li:i\e  btren  ^re^iier  tbi 

Cfflbe  pn»t,  )^Bri  np  tO  tbe  linae  fl  •  ib«  »Ofhcir  labirirecl  a«^ 

f  Ibini  requiriuf  »be  attention  of  iii&  ^luJejil  or  praftrioner      Slare 

e^uall^  i)}duftiioM9,  ao  tbat  [hv  addition*  to  tbe  voeAbutary  are  mor*  v 

vi^fU!'  feTiFion       Efi|-e<'ioI  attetitiOR  ba$  t*efn  be^^towed  on  tbe  acic«t)tuu' 

Duiiked  tn  every  word.     The  typ^grai^^hl*  al  arr«uge[DrM  bnn   been   n 

relfrenee  naucb  mux^  ea^y,  ami  every  rare  bu*  b^-en  taken  wilh  tbe  nui; 

wiirk  bat  been  printed  on  ne«  tyye,  Ptnall  but  exceedingly  vWnr,  with  as  aciUrfe<t  |«c»r  •>  1^ 

Ibe  DdditicmJ- bave  beiM]  irieiirf<<t»ted  wKb  an  iDt?ieii»e  ul  but  itHU  nv«r  a  boD4l^  ^afaa,  ttl 

tbo  volume  now  containe  tbe  loaieer  of  at  iejj»t  fitor  ortllaary  oetavot. 


i4    U 


^xe^oiiiPB,    Tki 


A  tioi^k  veil  tiijttwti  Ut  our  FfHJrr*,  And  of  vhirh. 

iiiib<.<r  of  ibe  *.  i 
f«ftred  ti-rt  ilie  I 
■II,  tl,*'  ..ilijirri-ilju' 


MPe  ic^fltt  fF>  *n|>f  i»   firw  fitltlinn  nf  tlwli  1 


i,  »«o.  ibi4> 


e4ll^   > 

til  ml 
lijri  1. 

Mt    ill 
uJ    II   • 

tbar 

ibm.'  . 

VKniitl  Ttiiiun]  of  I'lrofii  ii 

About  tbe  (lent  buob  pvrrbnjed  If  tbtt  mfdibul  Hu 
ilent  tji  tK- ?1ti1lrjiT  UifTlnnun,.    Th^  ts'-ictn  n  nrf^fctiri- 


r  fntly  japTt  of 

r  t  by  tlM 


I  uu^&jriuiljr  at  ifj^*p.uni 


AH  as  tntiKldiijii  i 
ttmuiiio  of  ibv  f 
todaplautbntttj  ' 


iib«r*,  tiy  tu  i^ae.  '-iUx 

1^*  tLe  r«r*  niArti  tkai  tl  ««rtAiKij  aa*  »vnwu 


,  Jail.  :lf>,  1M4. 


JJOBLVN  (RICHARD  D,),  M,D. 

A  PieTlONARY  OF  THE  TERM 8  USED  TV  \rFmrrvx 

ailK  COLtATERAL  BCIENCga     Eovi^ed.  witb  nnmar 
II.D.,  Editui  of  tbe  '^  American  Journal  of  tbe  Atedioal  ^ 
lltDo,  voUme  of  ovei-^OO  dOQble-«olumaed  pjipei;  otvtk^  $1  P^ ,  k*iW«  §1  64r, 
Ilia  Ihn  b«iil  biHtk  Qt  4*t«iVvW%iLW»  ^^^a^Ubi  fi%%,hK  alvaji  If  b«  afwsl^a  tMAa*!  &  laliU.— .J 


^Xbi 


Henry  C.  Lsa's  PuBLiOATioifs — (Manuals). 


A    CENTURY  OF  AMERICAN  MEDICINE.  1776-1876.    By  Doctors  K.  H. 
-^^     Clarke,  H.  J.  Bigelow,  S.  D.  Gross,  T.  G.  Thomns,  and  J.  S.  Billings.     In  one  rery  hand- 
some 12ino.  volame  of  about  ^50  pages.     {JuMt  Rsadjf.) 

This  work  has  appeared  in  the  pages  of  the  American  Journal  of  Medical  Sciences  during  the 
year  1876.  As  a  detailed  account  of  the  development  of  medical  science  in  America,  by  gentle* 
men  of  the  highest  authority  in  their  respective  departments,  the  profession  will  no  doubt  wel- 
come it  In  a  form  adapted  for  preservation  and  reference. 


r>OD\\ELL  {G,  F).  F.R.A,S.,  Sec 

A  DICTIONARY  OF  SCIENCE:  Comprising  Astronomy,  Chem- 
istry, Dynamics,  Electricity,  Heat,  Hydrodynamics,  Hydrofitatios,  Light,  Magnetism, 
Meehanic^  Meteorology,  Pneumatics,  Sound,  and  iStatics.  Preceded  by  an  Essay  on  the 
History  of  the  Physical  Sciences.  In  one  handsome  octavo  volume  of  694  pages,  and 
many  illustrations :  cloth,  $5. 


\pESILL  (JOHN),  M,D,, 


and    J^MITR  (FRANCIS  O,),  M.D„ 

^^    Prqf.  ofttu  IfutUtUts  q/  Madiettu  in  tfu  Un  <«.  cf  P§nna. 

AN    ANALYTICAL    COMPENDIUM   OP   THE   VARIOUS 

BRANCHES  OF  MEDICAL  SCIENCE ;  for  the  Use  and  Examination  of  Students.  A 
new  edition,  revised  and  improved.  In  one  Tory  large  and  handsomely  printed  royal  12m(i. 
Tolume,  of  about  one  thousand  pages,  with  874  wood  euts,  cloth,  $4;  strongly  bound  in 
leather,  with  raised  bands,  $4  75. 


The  Compend  of  Dm  Neill  and  Smith  Is  Incompara- 
•It  tke  most  valuable  work  of  lt«  clww»  ever  publiBhed 
I  a  this  coanlry  Attempt*  have  been  made  In  various 
juartera  to  squeeie  Anatomy,  PhyHlology,  8a/««'y. 
the  Practice  of  Medicine,  ObHtetrlcs,  MaierU  Medica, 
and  Chemistry  Intu  a  single  manual;  but  the  opera- 
don  has  signally  failed  In  the  hands  of  all  up  to  the 
advent  of  "  Kelll  and  Smith's"  volame,  which  Ik  quite 
a  miracle  of  saocesa.  The  ontllnes  of  the  whole  are 
admirably  drawn  and  lllnKtrated.  and  the  authors 
are  eminently  enUtled  lo  the  grateful  consideration 


»f  the  student  of  every  claas.— i7.  0.  Med.  and  Sura, 
roumcd. 

There  are  but  few  students  or  praetltionera  of  me- 
dicine unacquainted  with  the  former  editions  of  thla 
inastiumlng  though  highly  Instructive  work.  The 
vhole  science  of  medicine  appeara  to  have  been  sifted, 
IS  the  gold-bearing  sands  of  El  Dorado,  and  the  pre- 
clouN  faotMtreaitured  up  In  this  little  volume.  A  oom> 
plete  portable  library  so  condensed  that  the  student 
may  make  It  his  constant  pocket  companion.— ir«s(« 
«m  Laneet. 


H^ 


'ARTSHORNE  (HENRY),  M.  Z>., 

Pr<ifes90T  of  Hygiene  in  the  University  of  Pennsylvania. 

A   CONSPECTUS    OF   THE    MEDICAL   SCIENCES;  containing 

Handbooks  on  Anatomy,  Physiology,  Chemistry,  Materia  Medica,  Practical  Medicine, 
Surgery,  and  Obstetrics.  Second  Edition,  thoroughly  revised  and  improved.  In  one  large 
royal  12mo.  volume  of  more  than  1000  closely  printed  pages,  with  477  illustrations  on 
wood.     Cloth,  $4  25  ;  leather,  $5  00.     {Lately  Issued.) 


The  work  before  ns  has  already  snccesuf ally  assert- 
ed Us  claim  to  the  confidence  aud  favor  of  the  prufes- 
■ion ;  U  but  remains  for  us  to  say  Ibar  in  the  present 
edition  the  whole  work  has  been  fnlly  overhauled 
and  brought  up  to  the  present  ftnin*.  of  the  science.— 
Atlanta  Med.  and  Surg.  Journal,  Sept.  1874. 

The  work  In  intended  as  an  aid  to  the  medical  stu- 
dent, and  as  such  appears  to  admirably  fullll  lis  ob- 
ject by  Un  excellent  arrangement,  the  fall  compilation 
Cf  facts,  the  per.plcuUy  aud  terseness  of  language, 


and  the  clear  and  Instructive  illustrations  in  some 
partH  of  the  yrork —American  Joum.  of  Pharmacy.. 
Philadelphia,  July,  1874. 

The  volume  will  be  found  usefal,  not  only  to  stu- 
dents, but  to  many  others  who  may  desire  to  refresh 
their  memories  with  the  smallest  possible  expendi- 
ture of  time. — N.  Y.  Med.  Journal,  Sept.  1874. 

The  student  will  find  this  the  roost  convenient  and 
useful  book  of  the  kind  on  which  he  can  lay  his 
hand.— Pac<^c  Med.  and  Surg.  Joum.,  Aug.  1874. 


r  UDLO  W  (J.  L.),  M,  D. 
A   MANUAL   OF   EXAxMINATIONS   upon   Anatomy,   Physiology, 

Surgery,  Practice  of  Medicine,  Obstetrics,  Materia  Medioa,  Chemistry,  Pharmacy,  and 
Therapeutics.  To  which  U  added  a  Medical  Formulary.  Third  edition,  thoroughly  revised 
and  greatly  extended  and  enlarged.  With  370  illustrations.  In  one  handsome  royel 
12mo.  volume  of  816  large  pages,  cloth,  $3  26;  leather,  $3  75. 
The  arrangement  of  this  volume  in  the  form  of  question  and  answer  renders  it  especially  snit- 
able  for  the  office  examination  of  students,  and  for  those  preparing  for  graduation. 


rpANNER  (THOMAS  HA  WKES),  M  />.,  ft-c. 

^  A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAO- 

NOBIS.     Third  American  from  the  Second  London  Edition.    Revised  and  Enlarged  by 

TiLBURT  Fox,  M.  D.,  Physician  to  the  Skin  Department  in  University  College  Hospital, 

ike.   In  one  neat  volume  small  ]2mo.,  of  about  376  pages,  eloth,  $1  50. 

♦»♦  By  reference  to  the  ••  Prospectus  of  Journal"  on  page  3,  it  will  be  seen  that  this  work  is 

offered  as  a  premium  for  procuring  new  subseribers  to  the  '*Amxricam  Joubmal  of  th»  Mboicai. 

3CIXMCBB.*' 


QRA  r  ( HESn  T) .  F.  K.  5., 

^  irfM^urrf  ^y%  Annttmipnt  St,  Qe^rjf^'B  ffo^plkiJ,  tiOmdmk, 

ANATOMY,    PESCRIPTITE    AND    SUROrCAL.      The  Drmwiegi 

H.  V.  Cahtir.  M.  D.,  l»t«  D«ia(fB?rlr»lflr  cm  Analoiny  &t  SI-  lito7f**#  Il«v|ilttt]  .  ll 
liirai  jointlj  by  tbe  Aurao*  Ati<l  Dft.  Ca^twe.     A  ntw  A»«fie»»,  fl««  t^t  tftk 
«pd  implored  London  edltioi}.     Id  &ti«  tii«gii[fl(^«Qr  imp^riAl  OtfUr»  t«Iii»«,  «r  bimcIj 
pages,  with  4^&  ^^"^  *^^  •l*bcprfttc  engrartngs  om  vooi       Fnc«  Is  lAol^  ft  ft; 
I  her,  r&iicd  b&ndp,  §7  0*.     (Jh*»  /wmW.) 
The  author  liu  ead^&Tored  Is  this  «<7rk  ti>  ooTvr  »  mort  •xt«Bd«d  ttMiff*  of  vvliicfla  Ikts  li 
lontftrj  In  tbe  ordinirj  texl^ooks,  "bj  girtD|t  not  otilj  th«  deUilt  wmmmtj  fbr  Ik*  ViaiML 
■Jfo  llie  &pp]icalioii  of  tbo$e  di^toile  in  the  pr^etiov  of  mfrdioin*  m4  nu]Enr7«AkA*  '''^^"^'^f^ 
ft  gtiid#  for  111*  learner,  And  an  admirable  work  of  r»f«rvt)««  for  tli«  a«iiir»  prt«tl(tlo««r.    TV 
fraritigf  form  a  spfrcial  reatn.re  in  the  work,  many  of  Ibem  Winf  lb«  lis*  of  wtStmru,  smeIj 
original,  and  bantig  the  name;  of  ih»  Fadoiia  parU  printed  on  til*  body  of  fb*  e«^  la  jilg 
igares  cif  reference,  with  dewriptions  at  the  foot.    Tliey  tkiu  form  a  eoB^«««  aa  *      '     ** 
which  will  grettly  aMbt  the  itndeni  in  obiaitiing  a  rlea?  Idea  of  Ai^alomj,  mid 
refreaib  the  memorr  of  tbo«0  who  may  find  in  ike  axjg«Q^|««  of  f(ra«tie«  iim  Baeaovtjr  ti 
Ihedetnil^ofihe  diitecttng  room  ;  whi^e  eomblaiJig,  a«  It  doei,  a  «aBpl«t«  AUai  of  h  liwN^i 
a  tborougii  treaUiie  on  ^ysUoiutio,  deterif^tir*,  and  applied  Ab»i^>i&T    tb«  wrrk  wiH  W~ 
•iientijil  nie  t«  all  physitrinitifi  who  rrceire  fflBdenta  in  their  c»B^  k 

popil  of  macb  labor  in  laying  the  gronndwork  of  a  Ihurottgk  raed  i 

Notwithsiandittg  the  enlnrgetnrnt  of  thti  edirioo.  it  baj  bern  kr^.t  ^\  \u  rorsf^ 
price,  rendering  it  one  of  th*  ^beapc^jt  wiirkj  now  beftrrr  ib#  prc^ltwion. 

TbP itlQBiratlioaft  mr«  b«*tit •f-"-  --.   -■•  --^   -----  ^-  =—  ^  -     -     - > 

der  thU  werM  mo  lodl"f'*ii-*ii! 
of  Ihv  MtirgfKJS,    Tbli  r<tiDiiirV 
lu  I  hove  «isrg*ons  practi'io^  h^l  •«. 
Urff  eiiJ«^  u  tb^  nfj^.irinuHy  '•• 
nftmory  by  «mi«l  dli!«i*ciii«o  1*  tj 


i>]«a*«r«  ti  »jaiw»M 


Tbe  wurk  U  1<m>  ««I|  kuowe  ifirf  ifiprwEtaieiil  by  llip 

«aa  iff.ifd  10  In*  wVtJwint  It,  :f 
hef^e  HP  M  fvnikuii^r  of  ilif»  I 
fiiTiotii«D,  whre  a«t«i.ll*d  ir 

fa  atti  Kti  bn J  y .    Tb**  pr^- 

Omy^*  Anfti^finy  liiw  b»iii  •(>  ioDf  thw  Rtftadurd  dif 
parra«tk)D  wilh  verj  Htudenl  of  aii»l<>m7.  Lbkl  wr- 
need  do  un  mora  tbiia  f»U  fttli»o!lou  m  cfae  Itujtruirv- 
m*ai  111  tti^  I'Tfii^at  f^JSitoa.»^(troU  £irv^i0c/ JTcd.  i 
tind  Phnrm.,  Am^   l|70,  I 


«k  Is  aaataay  ikst  kai  vHa 


bj  iN«r«oiaaii  expertaac*,— JT 

17.  IFTQ 


t^ro/  af  Surgery  In  f A«  F« tv^  vf  f^*nn<M.. ^  Ac.  Li 


JORNER  (  WILLIAM  E,l  MD. 
AN    ANATOMICAL    ATLAS,  illustrative  of  the  ^  of  Uk» 

JJamiin  Body.     In  one  rditme,  large  iia]wria]  oct«To,  elotk,  vilk  ab^-t  .^  um^4ni^ad 
ftfty  beaatirnl  fignr»f.     $4  59. 

Tiiv  pl«B  or  tbift  4trt»,  wtiLt'b  r^i,j«.r^  li  ^a  r^Mia-l  tbt^  kiQ.i  tim  hm*  fm  apfatal «  aai  ••»•«•  •4t, 

ti»rtr  tuHTeiiient  for  4h«  #lw -  -i  Hfc»ii*r  ia  wki^k  It  I*  "fM  «f w 

ii«tiiCftU][flciillo&,kaTebaeD  n  tbn  <«^%»iry  a*  ••  b*  iaIlMlsf  H 

tt&e*t  Ci>uirAttilale  tbe»iad«^L:                                              -       i^n"-T-t  Mrifr  if  ififTaai 

pf  tl)l«  Aiiiat,  at  li  t*  tbs  nitiii;  caaTAu^i^iit  wi^iIl  4jf  1 

JgHAEPEr  {  WILLIAMh  M,D,,     and      QUAiN  {J0HB8^  RiCMAMm^ 

tiOftll,  bj  JotXPl 
:k.t«  0# 


^ 


i+h    Vi.ti 


^J    A.M, 


HITMAN  ANATOMY.  Reviaed,  w^ 

Lsmr,  M,  &'«  ProfeaioT  of  Anatomy  in  lii 
large  oetaYo  ^olnruee,  nf  abc&i  3300  pag^i, 
Tbe  very  !««  prtc#  dt  tbif  ilo^iidftrd  work,  a«d  ilt  eoBtpleten«M  in  »n  d*par&si«»U  ^  t^  g^irtgii 
•boa Id  eommaud  tor  it  ■  place  in  tba  library  of  all  a;^il<traioal  atod««ia. 


UODGES  {RICBARD  M.).  M.B., 


•/ 


PRACTICAL  DISSKCTIONa     Secoird  Edilioa,  tboruofWy  mtiicd. 

one  neat  roynl  Hmo.  Tolume,  haif-bonnd.  $1  l>0. 
Tbtf  r^bjeet  of  thi#  wurk  it  to  present  to  the  nn»tomi««]  fliidenl  a  «|«tf  aft4  «o«ete« 

of  Ibal  wbloh  he  ii  eifje<!ted  t©  ob*frf#  fa  aa  ordinary  eoniM  ofdli^^etioat      Tb«  . 

•ndeaTorod  to  omil  tmaeirefflary  d«i»ili,  and  bo  pmcnt  the  naj^eil  la  tbt  forai  vbkk  «a»y  j^rt 
■xperlenee  hajF  «bowa  hira  to  bt  tbe  tboet  cooTenient  and  intall^ible  i«  tbe  tiadoat.  fa  tW 
t»Ti«jyii  of  tbe  pre#sni  editMin,  be  baa  ledtilQiitly  labortd  lo  render  the  T^liuna  Bar*  wcrtfcy  ef 
Ihe  faror  with  whi^ih  it  bM  borolofofv  b««B  redcivod. 


•i 


\at*<ilj  »v» ,  of  OTMlQVO 


ilENRT  G.  LxA'8  PuBLiOATiONS — (Anotomy). 


VUILSON  (ERASMUS),  F.K,S. 

^^  A  SYSTEM  OF  HUMA^^  ANATOMY,  General  and  Special.    Edited 

by  W.  U.  GoBBBcuT,  M.  D.,  ProfeMor  of  General  and  Sargioal  Anatomy  in  the  Medical  Col- 
lege of  Ohio.     Ilinstrated  with  three  hundred  and  ninety-seren  engravings  on  wood.     In 
one  large  and  handsome  octavo  yolume,  of  over  60U  large  pages ;  cloth,  $4  00 ;  leather, 
$5  00. 
The  publisher  trusts  that  the  well-earned  reputation  of  this  long-established  favorite  will  be 
mm  than  maintained  by  the  present  edition.     Isesides  a  very  thorough  revision  by  the  author,  it 
hsf  been  most  carefully  examined  by  the  editor,  and  the  efforts  of  both  have  been  directed  to  in* 
trodueing  everything  which  increased  experience  in  its  use  has  suggested  as  desirable  to  render  it 
ft  complete  text-book  for  those  seeking  to  obtain  or  to  renew  an  acquaintance  with  Uuman  Ana- 
lOBsy.    The  amount  of  additions  which  it  has  thus  received  may  be  estimated  fk-om  the  fact  that 
tki»  present  edition  contains  over  one-fourth  more  matter  than  the  last,  rendering  a  smaller  type 
aad  an  enlarged  page  requisite  to  keep  the  volume  within  a  convenient  sise.     The  author  has  not 
Hily  thus  added  largely  to  the  work,  but  he  has  also  made  alterations  throughout,  wherever  there 
ftppeared  the  opportunity  of  improving  the  arrangement  or  style,  so  as  to  present  every  fact  in  its 
BOft  appropriate  manner,  and  to  render  the  whole  as  clear  and  intelligible  as  possible.   The  editof 
hM  ezerci«ed  the  utmost  caution  to  obtain  entire  accuracy  in  the  text,  and  has  largely  increased 
%hm  number  of  illustrations,  of  which  there  are  about  one  hundred  and  fifty  more  in  this  edition 
tkaB  in  the  last,  thus  bringing  distinctly  before  the  eye  of  the  student  everything  of  interest  or 
iBsportance. 

^EATH  (CHRISTOPHER),  F.R,  C.S., 

Ttaektr  of  OperaUv  Surff^ry  in  Unlvtrsiiy  OolUfft,  London. 

PRACTICAL  ANATOMY:   A  Manual  of  Dissections.     From  the 

Second  revised  and  improved  London  edition.    Edited,  with  additions,  by  W.  W.  Kbbm, 

M.  D.,  Lecturer  on  Pathological  Anatomy  in  the  Jefferson  Medical  College,  Philadelphia. 

In  one  handsome  royal  ISmo.  volume  of  678  pages,  with  247  illustrations.    Cloth,  $3  50 ; 

leather,  fi  00.     {Lditeiy  Published.) 

gaining  iU  buld  apoa  the  slippery  slopes  of  anatomy. 
St.  LouU  Med.  and  Surg.  Journal,  Mar.  10,  1871. 

it  appears  to  as  certaiA  thai,  as  agaide  in  dissec- 
tion, and  as  a  woric  containing  facts  of  anatomy  in 
arief  and  easily  understood  form,  this  manual  is 
complete.     This  work  contains,  also,  very  perfect 


H 


Dr.  Keen,  the  Americnn  editor  oi  this  work,  in  his 
preface,  says :  "In  presenling  tlii»  American  edition 
ef  *  Heath's  Practical  Anatomy,'  1  fe«l  tliat  1  have 
keen  iastnimeutal  in  supplying  a  want  long  felt  for 
«  roal  dissector's  manual,'*  and  tbiii  assertion  of  its 
editor  we  deem  is  fully  Justified,  after  an  examina' 


Uoa  of  iU  contenu,  for  it  is  really  an  excellent  work.    iiiMtrailons  of  parts  which  can 'thus  be  more  easily 


Indeed,  we  do  not  hesitate  to  say,  the  best  of  its  class 
with  which  we  are  acquainted  ;  renembling  Wilson 
la  terse  and  clear  description,  excelling  most  of  the 
•0'«alled  practical  anatomical  dissectors  In  the  scope 
of  the  subject  and  practical  selected  matter.  .  .  . 
la  reading  this  work,  one  is  forcibly  impressed  with 
the  great  pains  the  author  ukes  to  impress  the  snb* 
Jett  upon  the  mind  of  the  stadent.  He  is  full  of  rare 
aad  pleasing  little  devieea  to  aid  memory  in  main- 


mderstood  and  studied ;  in  this  respect  it  compares 
f  ivorably  ▼ith  works  of  much  greater  pretension. 
Such  manuals  of  anatomy  are  always  favorite  works 
with  medical  students.  We  would  earnestly  recom- 
mend this  one  to  their  attention ;  it  has  excelienoee 
which  mske  it  valuable  as  a  guide  in  dissecting,  as 
well  as  in  studying  anatomy. — Bugalo  Medical  and 
SurffiealJournaif  Jan.  1871. 


jOELLAMF(E.),  F.R.C.S. 

^     THE  STUDENT'S  GUIDE  TO  SURGICAL  ANATOMY:  A  Text- 

Book  for  Students  preparing  for  their  Pass  Examination.    With  engravings  on  wood.    In 
ono  handsome  royal  l^tmo.  volume.     Cloth,  $2  25.     (/««<  Issued.) 

We  welcome  Mr.  Bellamy's  work,  as  a  eontribn-        We  cannot  too  highly  recommend  iL'^SttuUni'e 
tlon  to  the  study  of  regional  anatomy,  of  equal  value    Journal. 

to  the  student  and  the  surgeon.  It  is  wnueu  in  a  ji,  Bellamy  has  spared  no  pains  to  produce  a  real- 
elear  and  concl.M»  style,  and  its  practical  suggeetioo8  ,y  reliable  student's  guide  to  surgical  anatomy-one 
add  ;»rge'7  to  the  interest  attaching  to  its  /oclinical  ^hicu  »ii  candidates  for  surgical  degrees  may  con- 
details  -Ckieaffo  Med.  hxaminer,  March  1,  1874.         ,„,t  ^itj,  ^d^^ntage,  and  which  posseses  much  ori- 

We  cordially  congratulate  Mr.  Bellamy  upon  hav-    ginai  matter.— Jfeii.  Frees  and  Circular. 
lag  produced  it  — Med.  Times  and  Gas. 


MAC  USE  (JOSEPH), 

SURGICAL  ANATOMY.     By  Joseph  Maclise,  Surgeon.    In  one 

volume,  very  large  imperial  quarto ;  with  68  large  and  splendid  plates,  drawn  in  the  best 
style  and  beautifully  colored,  containing  190  figures,  many  of  them  the  sise  of  life ;  togethei 
with  copious  explanatory  letter-press.  Strongly  and  handsomely  bound  in  cloth.  Prica 
f  U  00. 


We  know  of  no  work  on  surgical  anatomy  which 
estVL  compete  with  it. — Lancet. 

The  work  of  Maclise  on  surgical  anatomy  is  of  the 
highest  value.  In  some  respects  it  is  the  best  publi- 
cation of  its  kind  we  have  seen,  and  is  worthv  of  a 
place  in  the  llbiary  of  any  medical  man,  while  the 
•tndent  could  scarcely  make  a  better  investment  than 
this. — The  Western  Journal  of  Medicine  find  Surgery . 

Ho  such  lithographic  illustrations  of  surgioal  re- 


gions have  hitherto,  we  think,  been  given.  While 
che  operator  is  shown  every  vessel  and  nerve  where 
tn  operation  is  contemplated,  the  exact  anatomist  is 
refreshed  by  those  clear  and  distinct  dissecilonfe, 
which  every  one  must  appreciate  who  has  a  particle 
of  enthusiasm.  The  English  medical  press  has  quite 
exhausted  the  words  of  praise,  in  recommending  this 
admirable  treatise.— .fio«<(m  Med.and8urg.Jour%. 


fjARTSHORNE  (HENRY).  M.D., 

•^-*  Pmfeseiir  of  Hygiene,  etc  ,  in  the  Univ.  o/Penna. 

HANDBOOK  OF  ANATOxMY  AND   PttY8l01.0Qi^.    %<i«5,c»^\  ^?C\- 
tioa,  nrifd.  looaerofi  13mo.Tolam«,wUhit0wo«d-««Uv  cXo^^t^W^.  VJuaIu^mA-N 


UmmLt  C.  LEA*i  rtrBLioATToiia— (P^twfo^y). 


OUTLINES  OF  FIIYSIOLOGV,  UFMAN  AND  COMPARATITfJ 

With  AdaUmns  by  Fbakcis  Quiijiiir  Smitb,  M,  I>,,  Prwf«!B»Dr  of  ihv  InBtLtuWt  of  Mt4ll 
einv  in  the  Uoivereitj  of  Peiin*j|yiniU.  A«,     Wilh  numer*iu  muMtrmii^m^      la  o««  Im^a 
and  h»nd«cim«  octavo  rolmia«,  of  102fi  p&ije^  oltiih^  $A  aft  ■   leaihpr,  tiiju-J  b&mli,  fT  >0 


td   it»  wUh  n  iniipiit  «Diupl«t«,  reHithle,  jlh^I   KDlntitlflv 
»i3rk,  *m!  w<  fe*l  (hut  it  Is  wofthf  oar  vrKnattt 

W«4»ttlHlf  llier«  IB  in  tb&  Xafllub  Usfaks'r  toy 
tom[^9Vk&  of  phy^ioUgf  mor«  tue'oi  to  th4  «tiiJ4»Dt 
liiam  thl«  irinfM.--JS|.  |ri>«<*  Jfs^i.  and  Surg.  jQm-tml,  , 

II  ^nlt4if^tflT»,  la  out  oplalon,  tb«  author'*  d^^tfii 


|f*Ulo<JoJ. 
111  «rriing--it»eu(    i 

And  pbraLM! 
•«iricfj  ill 

lov.'d  t  tu-  I 


Wft  majr  bow  c<MigratatHt«  him  on  haflnf  iN>iii^ 
■ra  ph]r«loiD|tteiU  ael€BP«f  boU  bamaa  aad  ef>iBp«ra<    mrtmkljw^*ibim.—iif^iiimk  Mmi.Jvurmmi^^mt.m,tmi 


p AH  F  ENTER  (WlhUAM  B),  MB.,  F.R.S., 

PRINCIPLKS  OF  HUMAN  PHYSIOLOGY;  with  their  chkfappii- 

caiiotii  to  Psjcholfjgj,  Pathology,  Thefapeulioi!,  Hygiene  and  Fi.f-r.  :.   M-.i;..i^«       j  ^^^ 
AmeTlcati  fr<>m  the  Uid  a»d  remed  London  *ditioti.    With  oeikriy  1  lafti 

Edited,  with  additions,  by  FnAKcia  Gtfsmsf  SiitTfl,  M.  D.,  Pr.  -••i# 

Medicine  in  the  Univemty  0f  P^oni^ylvaDia,  Jbe,     In  one  very  !ar|^t  and  b^auiiJuJ 
Tolume,  ofaboat  0(10  large  pages,  handiton;i«ly  printed;  eloth,  $b  hii ,  leather,  ra.i»#c  I 
IK  50. 


Vrirh  l>f,  imilh,  w«  eoaidefitty  bell  ere  '*thai  ibe 
prraeut  ^11  m^firii  rh«a  imiitatB  ih*  ebTlab)*  i>jiau^ 
drm  nUeiLdf  nUM^eeii  bj  ri>rm<<r  itdVTlob*,  of  being 
ine  t»f  tbfi  falkxt  »tid  mai^t  e^ymp\wl«  tr«ttit»e»aa  tb« 
■nhjitrl  Id  itn*  EoiJiAb  IwuKUrtnirt  "  Wt*  kiji>w  c^f  iioii# 
from  I  lie   pKftt»  of  wlilf '■  '-in  of 

|h«  filiyi.ldogyoftheb-1  weli 

vbULEift^d,  uitQii  livMFr  M'l    ,  '•■h  mn. 

the  StiMltilffi'  »D'1  pr»ml«^e  «f  mMleitia.— J:in. /our 


Wp  dnnbt  a<it  U  Ih  d4r*tlii«4  la  retmla  a  Mftmf  ii*lt 
OB  |mh1ll«  TATur,  aail  rem»la  the  fWvi»rll#  ten^kMI  It 
*i  a  T  €ri»1 1  «!*■-  —  Vf r]/  m  iVi  Mt^O^  Jm^r^til 


TheaboTi  U  the  rrtf 
frrtnl  work  00  pb? 
it  WLiiiliJ  bij  a  \%"  < 
Eblug  til  tliA  fepiti  . 
oaa  «>ii1y  ^af  ttittll  wub  vUuiu 
lBdii#tice,  tJiat 


f  wLmt    Ih   *:[Mh(ii*lk*tJlH^ 


PRINCIPLES  OF  COMPARATIVE  PHYSIOLOGY,    New  A 

ean,  fTom  the  FonrtL  and  Ke vised  London  Edition ,     In  one  larg«  and 
volisimfrp  with  over  three  huiLilred  beautiful  iHitiiFitratloOf     P|^.  lh%.    CMh,  %%  Oil 
Ae  a  complete  and  oonden^ed  trefttiie  OD  iti  extended  and  important  mbjeci,  thla  wort 

a  Qeo«a«ity  to  stndentt  of  natural  loienee,  while  (he  Terj  tow  priee  at  irhl«h  ft  i«  olltred 

within  the  re*eh  of  ftll. 


^IRKES  (  W'^/i.L/iiif  SE CHOUSE),  M.D. 

A  MANUAL  OF  PHYSIOLOGY,     EdiUd  br  W.  MoHRAift  BAKti, 

M.D.,  F  RX.S,      A  i>pw  Am^rie^nn  fr-tim  the  tightb  and  Improted  London  edition,     Wtt| 

iihuut  two  hundred  and  €t>y  iJlU'^ira^tionB.     In  one  large  mod  hand«)me  fo^al  tlmo.  vel 

nme.     Clotb,  $^  2d;  leather,  |S  7&,     {Lnirly  ttMtmi.} 

Kirkes'  Pbytiiubgy  h»a  long  been  knowi>  af  ^  concise  and  earefidmgly  eonTeaii-  k, 

pref^eoling  within  a   narrow  compnr'ii  {\\\  tbnt  b  imporuint  ft?r  lire  iiudeiU       Tb-  il 

which  fucce«>ive  ediUoni  hav^  tuiluwed  each  other  in  KngUni  >-»-  -f^-i.i-4  tk-  -i     ,,  ,,,  ^^^^,^ 

tborotighJy  on  a  lofet  wllh  the  ^hmtges  and  new  di«euv«rief  i;  nif  lb*  vigbU 

•ditiuo,  of  which  the  present  U  a  reprint,  bafl  app^'ired  «u  f  r>  n^  rvgnr^ed  m 

I  be  luieti  necrei^tble  exposition  u1  titI!^  itnhjefst. 


i^u  ihe  ^ngU,  thfT*  U  fvfy  llttit  u  the  b»Hk 
vNu  Jl  H,rL,  » .|||.  tiudfebt  oi  pi-meiniufiijr  will  nolQed 
"'  '  ilUiemti^  aatinlJitfDt  «ilth  uar  pre«eoi 

k;  '  th,m  rjijiidlfctiAUiilbi  lelvaeit;  and  wt 

ii^     "  j-at.«ii  Ui  wjci-re^luf  our  iipialun  rhal 

thUiMj^ljEb  9^l[kiD  fn  uiie  ut  rbr  benr  h«iidbooJiLi  oq 
ptif*luli>lfy  wbkh  mm  liate  lu  our  LiiagaaM.— i¥.  f 
M*d.  S^f^wtl,  April  I  a,  J  a? 3. 

ThU  rvlai^e  jiiJKbl  w^eH  be  n«ed  to  replace  maay 
ef  the  phydiaUigicmJ  tvxtbouUn  la  use  In  tblteona- 
try,  It  repto»»iaTM  tii'^T*  t^ccimutely  (ban  the  workt 
of  DahuQ  ur  I^Litil,tli«i  ^Tvitbi  «\ifcV4  *i\  o^i  >li^iiv\ 
•dfo  ttf  muit  ptUj«VoUjR^c%\  <^^«LbUouit«  w\i\\%  V\  \% 


fer  text-booira  of  ntfp*MX*«  or  If  ar%ball     T%o  Wek 

f»  admlTably  Kdapted  t^  (i«  pleni^il  lu  lb«  \m»i»  it 
iti}di*a««  ~#airiF'iii  liftoff  <nnd  Hnra.  /vurm..  AertJ  1& 

|jt  itA  eaUr..p   .         .  1 1« 

l»i»*t  tioiik  I'tt  J  ;^ 

ThJielA  tinduubt^idlx  lli*  liHiwt  ^uHc  for  eiail#Ale  tdl 
phytMojey  exinitt  ^IHmHft'mntt  M*d  >•«**,  6»pt  tl 


m  ftob  Uia  bu  iky  and  Car  aoi a  i**A^x\a  i^m  \%%Vfct 


;V 


HsNBT  G.  Lba'b  Publioations — (Physiology,) 


nALTON  (J.  C),  M.  />., 

-^-^  Pro/esstor  of  PhynUtlngy  in  the  OolUge  of  Phyjtieians  and  Surff^ons^  New  Tork^  Se. 

k  TREATISE  ON  HUMAN  PHYSIOLOGY.   Designed  for  the  uee 

of  Stadents  and  Practitioners  of  Medicine.  iSixth  edition,  thoroaghty  reviFed  and  enlarged, 
with;  three  hnrlred  and  sixteen  illustrations  on  wood.  In  one  very  beautifal  octavo  vol- 
ume, of  over  800  pages.     Cloth,  $5  50  ;  leather,  $6  50.     {Now  R«ady.) 

From  the  Preface  to  the  Sixth  Edition. 

In  the  present  edition  of  this  book,  while  every  part  has  received  a  careful  revision,  the  ori- 
ginal  plan  of  arrangement  has  been  changed  only  so  far  as  was  necessary  for  the  introduction  of 
new  mnttrinl. 

The  nd'iitinns  and  alterations  in  the  text,  requisite  to  present  conoiiely  the  growth  of  positive 
phyfiiolngic.-ii  knowledge,  have  resulted  in  spite  of  the  author^s  earnest  efforts  at  condensation, 
in  an  increase  of  fnlly  fifty  per  cent,  in  the  matter  of  the  work.  A  change,  however,  in  the  ty- 
pographical arrangement  has  accommodated  these  additions  without  undue  enlargement  in  the 
bulk  of  the  volume. 

The  new  chemical  notation  and  nomenclature  are  introduced  into  the  present  edition,  as  hav 
ing  nuw  !*o  generally  taken  the  place  of  the  old,  that  nn  eonfaiiion  need  result  from  the  change. 
The  centigrade  system  of  meaSlrements  for  length,  volume,  and  weight,  is  also  adopted,  these 
measurements  being  at  present  almost  universally  employed  in  original  physiological  investiga- 
tion.s  and  their  published  accounts.  Temperatures  are  given  in  degrees  of  the  centigrnde  scale, 
usually  accompanied  by  the  corresponding  degrees  of  Fahrenheit's  scale,  inclosed  in  brackets. 
New  York,  September,  1S75. 


During  ih«  p*!«t  few  yenrx  several  new  workN  on  phy- 
Mology.  aiid  new  editfonff  of  old  works,  have  appeared, 
ooin|i«tiiifi;  for  the  favor  of  the  mimical  i^tudent,  but  none 
will  rival  this  new  edition  of  Dnlton.  As  now  enlarf^ed. 
tc  will  he  found  aim  to  be.  in  (teoeral.  a  MtiAfactory  work 
of  ntfcrenoe  fbr  the  practitioner. — Chicago  Med.  Joum. 
mnd  £s"min«r,  Jan.  1876. 

Prof.  Dal  ton  han  di>ruiifted  conflicting  theories  and 
oonclu«ian«  re^nllnfc  phyciologfcal  que^tionfl  with  a 
fiilrne.<<»>,  a  fulne.«».  and  a  conci.«enef)S  which  lend  fref^h* 
new  and  vi^sor  to  the  entire  t>ook.  But  hiK  diseutMion^ 
have  been  «o  f^narded  by  a  refusal  of  admimlon  to  thone 
speculative  and  theoretical  explanationi^.  which  al  beAt 
exlfii  iu  the  mlndx  of  observer!*  themi»elves  tm  only  pro- 
babilities, that  none  of  hitt  readers  need  l>e  led  into 
irrave  errors  while  niiAicg  them  a  study. — The  Medical 
Record,  Feb  19,  1876. 

The  revision  of  thix  (nreat  work  has  brought  it  forward 
with  the  piiyniological  advanceM  of  the  day.  and  render* 
it,  tJt  it  ha<*  ever  tieen,  the  finent  work  fnr  otudenis  ex* 
tant. — yarkciUe  J»/um.  of  Mfd.  and  Sarg.,  Jan.  1876. 

For  clearness  and  pempicuity,  Daltori^s  Physiology 
commended  itself  to  the  Ktudeut  yearM  ago,  and  was  a 
pleasant  relief  from  the  verbo-ie  productions  whicli  it 
supplanted.  Fhyniology  hns.  however,  made  many  ad- 
vam-ex  xiuce  then  — and  while  the  style  has  been  pre- 
served intact,  the  work  in  the  prei«ent  edition  has  been 
broutcht  up  fully  abreast  of  the  times.  The  new  chemical 
notation  and  nomenclature  have  also  been  introduced 
into  the  preMut  edition.  NotwithittandinK  the  multi- 
plicity uf  text-books  on  physiology,  this  will  lose  none 


of  its  old  time  popularity.  The  mechanical  execution 
of  the  work  in  all  that  oould  be  desired. — BtnimtUar 
Journal  of  Mttdicine,  Deo.  1876. 

This  popular  texi*book  on  physiology  comes  to  us  in 
itii  sixth  edition  with  the  addition  of  about  fifty  per  cent, 
of  new  matter,  chiefly  in  the  departments  of  patho- 
logical chemiKtry  and  the  nervou.*  ^yntera.  where  the 
principal  advances  have  been  realized.  With  so  tho- 
rouseh  revi.^iion  and  addl'lunii,  that  keep  the  work  well 
up  to  the  time!«,  its  continued  ptpuiarity  may  be  confi- 
dently predicted,  notwithf>tanding  the  com|»ctitipn  it 
may  encounter.  The  publisher's  work  is  admirably 
done.— S<.  L^juis  Metl.  and  Surg.  Joum  ,  Dec.  1875 
9  We  heartily  welcome  this,  the  sixth  edition  of  this 
ailmirable  text  biM>k.  than  which  there  are  none  of  e<:]ual 
brevity  more  valuable.  It  i»  cordially  recommended  by 
the  FrofesMor  of  Physiolofry  in  the  University  of  Louisi- 
ana, as  by  all  competent  teachers  in  the  United  Sutes 
and  wherever  the  Knglioh  language  is  read,  this  book 
has  been  appreciated.  The  prewnt  edition,  with  itx  310 
admirably  executed  Illustrations,  has  been  carefully 
revised  and  very  much  enlarged,  althouizh  its  bulk  doee 
not  seem  perceptibly  increaKed. — New  OrUans  Medical 
and  Surgical  Journal,  March,  1876. 

The  present  edition  is  very  much  superior  to  every 
other,  not  only  iu  that  It  brings  the  sutyect  up  to  the 
times,  but  that  it  doss  so  more  fully  and  satisfactorily 
than  any  previous  edition.  Take  It  altogether,  it  re- 
mains* in  our  humble  opinion,  the  best  text  book  on 
physiology  in  any  land  or  language.— JAs  CUnie,  Nov. 
6.  1876. 


rkUNOLISON  (ROBLEY),  M,D., 

•^^  Pro/eeeor  of  InMUvtee  of  Medicine  in  J^ferson  Medical  OoUege,  Philadelphia. 

HUMAN  PHYSIOLOGY.    Eig\^th  edition.    Thoroughly  revised  and 

extensively  modified  and  enlarged,  with  five  hundred  and  thirty-two  illustrationa.     In  two 
large  and  handsomely  printed  octavo  volumes  of  about  1500  pages,  oloth,  $7  00. 


TEHMANN  (C,  O.), 

PHYSIOLOGICAL  CHEMISTRY.    Translated  from  the  second  edi- 

^  tion  by  Georoc  E  Day,  M.  D.,  F.  R.  8.,  Ao.,  edited  by  R.  E.  Rogbrs,  M.  D.,  Professor  of 
Chemistry  in  the  Medical  Dapartment  of  the  University  of  Pennsylvania,  with  illustratioiM 
selected  from  Funke's  Atlas  of  Physiological  Chemistry,  and  an  Appendix  of  plates.  Com- 
plete in  two  large  and  handsome  octavo  volumes,  obntaining  J200  pages,  with  nearly  two 
hundred  illustrations,  cloth,  $6  00. 

JOT  TBS  8  A  MB  AUTHOR. 

MANUAL  OF  CHEMICAL  PHYSIOLOGY.    Translated  from  the 

German,  with  Notes  and  Additions,  by  J  Cbbbtoh  Morris,  M.  D.,  with  an  Introductory 
Essay  on  ViUl  Force,  by  Professor  Samubl  Jacksor,  M.  D.,  of  the  University  of  Pennsyl- 
vania.  With  illtistrations  on  wood.  In  one  very  handaome  octavo  volume  of  336  naffef. 
oloth,  IS  lb  *^ 


HkNET  C.  LlA'B  FWRUQATtmS ( 


ATTFIELB  (JOHf^.  Ph.D., 
CHEMISTRY,   GEXERAL,  MEDICAL.  ANP  PRARMACBtmCAL, 

itteludlDp  tlip  Cbfrftd-rrj-  of  the  17,  8,  Phnfmari>|>ieiit,     A  1ff«i»iiiil  of  lh#  f^wm^rml  rHartfiif 
of  the  Sden****  dud  thfif  ApfjllcJitTun  to  MffiUcint  Kod  Phuntiacy.     &fr#«lii  *[llliiE&^  ni 
Y^timi  frfvm  the   Sixth  EnKfii^h  ^ilitSori  hv  lb*  ftutbftr.     In  f<n«  llftTiitiom*  f/^ri>  ltn««fif- 
ume  i>f  rtfl8  pttge*.  with  BT  ilhiPii^tinn*  r(*JnHi,  §2  TS  ;  l»iith««r,  |4  S6.      (A'*^  iZ««»^f  | 
A  few  B*?ii«*^*>f  the  |ir<»vit»itff  vdUiun  »r*j  fiithjoin«d. 


Kit  0*1n>f  AiTif^rlfijifi  fill MlrM Hon  wUh  whUh  wm  ar* 
i^i^niitnt^il  (j.iTiT^  ' '     -  - '   i*r  ekif*  II  *it  well 

lloiT  h»»  pf<i>*'nfrpi  (I-  "II.  .  <  .'("»- [fscdi  m"»»itf  |ir»c> 
|U*l  rn»ftrtr,  )n-l  #ntti  a*  i^#  mtt*lK«|  «iLttd«At  und 

W—  Mn  r»it«  of  |li«  W«t 

Tb«  bff-l  wtTfk  Mf  rK*»  Iflurl  U  i^if^  Hiii)1i>bliiBin*<ii 

ThN  work  1«  fnn*tfiicliKi  trs' 
llie  wAiiiH  cihf  iDcJkMl  nuH  pi 
And.  iill?>oiiuh  AD  EnfftUh  ^ 

t»e»btttwMpn  U»*^n«(l*h  ftriPi  r-i^i-^i;  ["^ih--  nnriTiri- 
0O{io»U"  »f^  lodlrni***,  miiltlnjr  U  %m  tmefnl  tmf^  n*  In 
BfiflMn^l  ATtogMhnr.  r**  ^onk  1>  oim*  vpf«it  ^n^srl- 
lit  r#fiitnitiPod  !o  pTieHtini]«*r»  mi  w*II  »■  utttdeflli. 
^Jf.  T  M^ft  /otLm^t,  n#fi.  1S71 

pafiUfrtliir*  1  flr"'  - 

to  p*ir)f>p<vn,D^1"  *  f 

fltjTiil'tfy  of  fiT^ry  ■mU^Junt*'  i«>co^D]ii:^  '>ffl(iii,Etj  «r 
lo  g^n*rtk\.  »•  a  rfimMUl  ^R'^SNtit  Tr  irl]|  W  fontid  it 
KioEt  Tultimbja  booli  for  f  iipl]#,«»aUtaiit«t  >a4  utiberfe 


tSTI 


Whin  Ibd*  orVmn* 
(ure-elaltim  of  111   • 


R«,r 


■  Vi  .4tlt«ia   r^r  «9^t*«^TMH|i 


-  i/<jrw« m  *f I '^ 


PfiJT.  IS71. 

rh4*njLnlrT  hjLN  twi»rn*  tka  hhiiii* 


Af  V«tk^*l 


to  boti)  ti»H'.- 


Uc 


* 
^ 


pOWNES  [QEOnOE).  Fk,  D. 

A  MANUAL  OF  ELEMENT .WlY  CHEiflSTRTj  Th^fetfrnl  %f^ 

PraoUc^&L    With  onebuTidr*d  and  omatT'»*'n*ii  Ulnwtritiofsf.     A  n^» 

tplitb  and  reyiftfcl   Londan  #ditiftii,     Edited  hy  TCrnsjiT  Bfil(»ii8s. 

rnyal  l2irio.  Toliirac,  of  ftboul  Bh(t  pp  ,  dftthj  |2*TS  ;  T     ''^  '1  JJ       i  /^ 

Tlhlf  WfiTk  1*  to  wetl  kmtwB  Ibat  It  t^f'ftji*  almcawl    >tb«r  work  ■,i«rr  iliim* 

■QpnrinoinH  for  ia»  t'>  flp*^Bk  mbiimt  It      Tt  f.^a  fi.^rn   *    plj,.rrf-*rp  ni    »%  .^  i. 
fWriTlr*  t€irt-'boinl  with  niEidif^l  «^   ' 
mnA   LLn  i^opnlaiily   h»"  In   nn  r 

Wt]ini|H»T*»r    W*    b»Tft   bMiQ    COIlinlh 

##iii[s,   *■  h**  fft!ii^n*.iitly  ncmrre*^    tt  li.it  nr-.n^^i  ^^^ 
thoiTt1»«ir5r  thpy  tliniild  ffrof'nr*,  w*'  liafii  felfrnjn  rr- 
•("immt'O'T.^d  F"wn«*i'  fnf  we  f**n»rrfi<»d  It  *«  I'fir^  I'lr-At 
f  hflfe  Jh'  no  work  thai  i?'''tMMitKn»  ao  jok  r.  . 
*«■       It  l*  flff  eoB  TrtnlpRt  *tf«.  iiflt  pro^ 
p<irir|}lFiioit«   d{«i!<^o.    fooimtn^   ATI    tb#    '■ 
ilneot'PTlefi,  itnd  In  of  niiid#r«i«  pritn—CmHriituU 


^*T*t*  *  nrw^jflttrn  wt*te^  %•*  twam  t^sf « 


LmriTP  uddtttnim  bnw  bfHf  u  tDitd«.  aafMrljillif  in  Ih* 
ivpartniffixl  of  uritaolc  clteiat^trj,  ikBiii  w«  ksow  of  so 


M-rff'T>i    >Af!-Tf  fl'.t^t*..  J*g     r, 

H  Willi  c!^rjHllBQr,  Ha  liflf<4i"ir'tr*   Id  ||aI#  t1b«  %9<  fu|| 
M    ft    tlMCt^bnrtlC    far  ntllrlitBts    of  1 


O 


A  COURSE  OF  PRACTICAL  CHEMISTHY,  iirr»R^d  for  ilie  Ut 

of  MedicaJ  Stydi»nts.    "Wilb  IHoatTitlioiji,    fr^im  tbf  Fi^urtb  wbA  E«vaM 
Id  on»  nvrni  roj&l  IS  mo,  T<»iiiiQ«,  d^th,  |l< 


/T.4£/.<0Tr^r  {ROBERT],  F.C.% 
A  MANUAL  OF  QUALITATIVE  ANALYSIS.     From  the  Mfth 

doti  Ediitioa.     In  dii«  nnni  ro^ral  l^to^.  Tiilam»,  wilh  iltmair^tionv <  H<»lb»  fS  1#.     fj 

ftt  ni^vt-bnok  in  »eTvrm]  «f  tb«]eiAdiQg  U«lilulioDP  in  tki*  ^oitntrf ,  ibow  that  tb*  Aot^M'  W*m^ 
•••dtd  in  ibn  eiid«mTor  to  ]>r&daon  u  i^utid  fir*0li#Al  iiiAiitt»l  tivd  hiHtk  of  rvltrtftAt  for  iW  dk*- 
Mieftl  iliid«at. 


Pfftf    QjiHoWfiy'p   booka  »r#   d^iMtTrvdr^  to    klfb 


t    l*-!* 


ffji|«i*tq,  litiii  rblM  Ami'rirKTt  ri^jirlul  ofth«  H/lh  «4tltlion  tba  ebrmirikl 
iiht'.hi  nr  »iJ.  \i^.M*»i^,f  Qftftiiijjiirii  ^itiatf^K  w»ll  b*  i^^-^  .,„..» 
'  ny  Aia<^r]ifii&  «fiiiti«nitio  wh«Bi  (b* 

«T««,  ^pV,  Ul%. 


Hbnrt  C.  Lba'8  Pubuoations — (Ohemisiry). 
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jyiOXAM  [C.  L.), 

•A^  Pro/Mmr  of  ChemlMry  in  King* 9  ColUg«,  London. 

CHEMISTRY.  INORGANIC  AND  ORGANIC.     Prom  the  Second  Lon- 

don  Edttioo.  In  one  rery  handiiome  octavo  volame,  of  700  pagoa,  with  aboat  SOO  iJlustra- 
tiona.  Cloth,  $4  00  ;  leather,  $5  00.  (Lately  Issued.) 
It  hM  been  the  anthor'e  endeavor  to  prodaee  a  Treatise  on  Chemiitry  aaflleiently  oonprehen- 
siTe  for  tho^e  studying  the  science  as  a  branch  of  general  education,  and  one  which  a  student 
may  use  with  advantage  in  pursuing  hischemioai  studies  at  one  of  the  colleges  or  medical  schools. 
The  special  attention  devoted  to  Metallurgy  and  some  other  branches  of  Applied  Chemistry  renderf 
the  work  especially  useful  to  those  who  are  being  educated  for  employment  in  manufacture. 

experiment  have  been  worked  op  witheHpecliil  care, 


We  have  io  ihlit  work  a  complete  aad  most  excel- 
lent textbook  fur  the  u»e  of  Kcbuole,  and  ean  heart 
tly  recooimeud  it  an  »aeh. — Boston  Med.  and  Surg, 
Jonm.,  May  28.  1874. 

Of  » II  the nuneroan  work* npoo  elementary fhem- 
Utry  that  have  been  pabli*>hed  within  the  last  few 
years,  we  can  point  to  Done  that,  in  ralDe«».  aecnraey, 
and  Miniplieiiy.  can  anrpuM  this;  while, in  the  aom 
berand  detntled  de«cnptloaa  of  experimeotH,  aa  alM 
la  the  profaaeaeaa  of  ita  illaatratioms  we  believe  II 
ataada above  May  Hluilar  work  pablinhed  in  this coaO' 

try The  '•tateaseats  made  are  clear  and  eoo- 

elae  and  every  step  proved  by  an  abaadanee  of  ex> 
perimenta.  which  excite  oar  admiration  an  mnch  by 
their  simplicity  an  by  their  direct  ennclasiveneaa.^ 
C/Uengo  Med.  BxnmiH^,  Nov.  15,  1873. 

It  is  fleldom  that  io  the  Mme  compaits  so  complete 
and  iater^ating  a  compendinn  of  the  leading  Acts  of 
cbencisiry  in  offered.— i>rM^yi«f«*  Circuinr,  Nov.  '73. 

Theaboreia  the  title  of  a  work  which  we  can  moat 
eooMieniiuaslyreeommend  tostadents  of  chemistry. 
It  itf  aa  easy  aa  a  work  on  chemiHtrv  could  be  made, 
at  the  Hiiuie  lime  that  it  pre«enta  a  fall  aceoant  of  that 
acience  aa  it  now  stands.  We  have  npoken  of  the 
work  as  admirably  adapted  to  the  want*  of  studentH 


and  m«oy  of  the  experiments  described  are  both  new 
and  Htrikinf.>-/tafrua  Ren.  of  Med.  and  Pkarm., 
Nov.  1873. 

One  of  the  best  text-books  of  chemistry  yet  pab- 
liHhed.— (7/i<ca90  Med  Journ.,  Nov.  1879. 

This  is  an  excellent  w»rk,  well  adapted  for  the  be- 
ginner and  the  advanced  stadentof  chemistry.— .<fm^ 
JoHrn.  o/Phnrm  ,  Nov.  187.H. 

Probably  tbe  moHt  valasbte,  and  at  the  oame  time 
praotical,  texl-b«>ok  on  general  chemiHtry  extant  ia 
oar  laagoage.- JTansaa  Uity  Med,  Joum.,  Dee.  1873. 

Prof.  Bloxam  possesses  pre-eminently  the  inestima- 
ble gift  of  perHplculty.  It  is  a  pleannre  to  read  bia 
books,  for  be  i'*  capable  of  making  very  plsin  what 
other  antbors  frequently  have  left  very  obacare.— 
Va.  Clinical  Record^  Sov.  1873. 

It  would  be  difflenlt  for  a  practical  chemist  and 
teacher  to  lad  any  material  Atalt  with  this  most  ad- 
mirable treati^te.  The  Nothor  has  given  as  almost  a 
cyclopedia  within  the  limits  of  acun  renient  volume, 
and  has  doae  so  without  peaaing  the  ueel*iee  para- 

Jrsphs  too  commonly  making  ap  a  great  part  of  the 
alkof  manycumbrutts  workH.    The  progressive  sci- 


It  Is  quite  as  well  suited  to  the  reqoiremeots  of  prac-  I  ,qu^i  |,  „„t  dl*app«lnted  when  he  looks  for  the  record 
tittoners  who  wi.h  to  review  their  ehemlntry,  or  have  s  ^f  ^^^  raiaabla  proees-*es  and  discoveries,  while 
occasion  to  refreah  their  memorise  on  any  point  re   '  -  -  .       •• 

lating  to  it.  In  a  word.  It  is  a  book  to  be  read  by  ail 
who  wish  to  know  what  is  the  chemistry  of  the  pre- 
sent day.— ilin«r<eais  Practitioner ^  Nov.  1873. 


thecaniioas  eoQHervativedoes  not  And  its  pages  mo- 
nopolised by  uncertain  theories  and  speculations.   A 
peeoliar  point  of  exeelleoce  is  the  crystallised  form  of 
sxprcDsion  in  which  great  truths  are  expressed  ia 
Among  the  varioas  works  upon  general  chemistry    very  short  paragraphs.    One  in  surprised  at  tbe  brief 
Issued,  we  know  of  none  that  will  Hupply  the  average    space  allotted  to  i»n  Important  topic,  and  yet,  a^er 
wants  of  the  stadeot  or  tescher  better  than  this. —  '  reading  it,  he  feels  that  little,  if  any  more,  should 
Indiana  Jonm.  of  Mtd.^  Nov.  1873.  |  have  been  said.     Altogether,  it  is  seldom  you  see  a 

We  cordially  welcome  this  American  reprint  of  a    '"^^-^^^iL"^  •^  "•'"'^^  faultless.- {7<nc/nisa/<  Lanoet, 
work  which  has  already  won  for  Itself  so  subHtaatial  i  ***'^-  '^'^• 

a  repuution  la  England.   Profe«hor  Bloxam  has  coo-  J     Pr jfesaor  Bloxam  has  given  as  a  moat  exeelleni 
densed  into  a  woaderfnlly  small  com  >ass  all  the  Im- '  and  useful  practical  trestise.      His  666  pagea  are 


porCant  principles  and  facts  of  chemical  science. 
Thoroaghly  imbued  with  aa  enthusiastic  love  for  the 
acience  he  expound*,  he  has  btripped  it  of  all  aeed- 
iesa  techaicalitieN,  and  rounded  out  iU  hard  outlines 
by  afalneaa  of  illuktratioo  that  cannot  fall  to  attract 
aad  delight  the  aCadeat.    Tbe  daUils  of  Illustrative 


crowded  with  facts  and  experlmeata,  nearly  all  well 
shoaen,  and  many  quite  uew.even  to  weleatiffe  men. 
,  .  .  It  is  aatoniahlng  how  much  information  he  often 
Bonveys  in  a  few  parMgrapha.  We  might  quote  Ally 
iastaaeea  of  tbia. — Oluimdeal  Ne^ne. 


"fXrOHLER  AND  FITTIG. 

^^  OUTLINES  OF  ORGANIC  CHEMISTRY.    Translated  with  Ad- 

ditiona  from  the  Eighth  German  Edition.     By  Ira  Rcmsbv.  M.D.,  Ph.D.,  Professor  of 

Chemiiitry  and  Phyaiee  in  Williama  College,  MaM.     In  one  handaome  volnme,  royal  12mo. 

of  5ftO  pp.,  cloth,  $3. 

Ac  the  numeronseditionaof  the  original  atteat,  thia  work  is  the  leading  tezt-book  and  standard 

anthority  throughout  Germany  on  ita  important  and  intricate  sabject — a  position  won  for  it  by 

the  clearness  and  eonoiseneas  which  are  its  distinguishing  characteristics.     The  translation  has 

been  ezecnted  with  the  approbation  of  Profs.  Wbhler  and  Fittig,  and  numerous  additions  and 

alterations  have  been  iatrodooed,  so  as  to  render  it  in  every  respeet  oa  a  level  with  the  most 

advanced  ooadittoo  ef  the  seieoce.     

^0  WMAN  (JOHN  E.)  ,M,  D, 

PRACTICAL  HANDBOOK  OP  MEDICAL  CHEMISTRY.    Edited 

by  C.  L.  Bloxam,  Professor  of  Practical  Chemistry  in  King's  CoUege,  London.      Sixtk 
Amsriean.  from  the  fourth  and  revised  BnglUh  Edition.     In  one  neat  volnme,  royal  ISmo. , 
pp.  351,  with  nnmerons  illnstrations,  cloth,  $2  S5. 
^T  THE  SAME  AUTHOR.    {Lately  Isttned.)       

INTRODUCTION   TO   PRACTICAL  CHEMISTRY,  INCLUDING 

ANALYSIS.     Sixth  American,  from  the  sixth  and  revised  London  edition.    With  nnmer- 
o«s  illnstratfons.    In  one  neat  vol.,  royal  12mo.,  eloth,  $2  25. 

■^//^!?  T«CHlfOLOOT  ;  or  Chemistry  Applied  to  |     very  handaome  oeUvo  volamee,  with  400  wood 
'^^.i'**'  f"*L?®.t""'**'"'*'-    With  American  I    encra^la«a,a\M;k,%«^. 
additioaa,  by  Frot  WAi/m  R.  Jonmov.   In  tw«  I 


A*ft  PtaMdATioiis — {Mat,  Mei.  and 


^ARRISH  {EDWARD}, 

TBEATISK  ON  PHARMACY.    Pesipued  a«  a  Test-Book 

gtuileni,  Jiod  M  IL  Quide  for  the  Pbyelcini}  and  FhnniuK^iiitbi.     Wttlt  mmvj  pi 
Pr*scnpli<>n«.     Founh  EiUium,  thoroughly  r«vi»ed.   t^y  Tno^in  S.   Wimi»> 
bfUideome  ootaro  rolume  ol  tfTT  p«^«j««  with  280  il]itrlr»ttoii«.  ck4h.  *i»  Ml .  J. 

The  Helrtj  in  (he  iipp*»rnnco  of  (he  ntw  IT,  S,  Phftrmn(jopari«i,  nnti  tfer  »ufl{|*ii 


fortK« 


Ml**  ffxpT'ffiM 


il   our  > 


Ibor,  hriTs  po!"t|H>iied  th*  brpparmtim  ^f  tbi«  new  «elilMjn  hry 

ind,  tnem'Tivncltt  InU  Uy  Sir,  Pnrrl'ih  b«v*  heeii  |ii]ne«4  in   J 

»b<>  hrtd  ItibnrpJ  uggiduon^lj  to  emKotly  in  lh#  work  nil  Ui- 

enee  wliieb  hs»ve  been  iutrofhiee4l  dnrlnji;    bp  fn-t  (en  )*-jira.     Ji  sk  ti. 

frditism  vrjll  J^iiDt  niiiitittitn  ihn  rrymXivWim  whiob  lb«  vnlmne  hiu  bwrvi 

|«xtt]i^Mk  uud  wurk  of  ret'areiice  for  ;r"     r !    ■^  '!  — 

rcuiJtl'ri*  U*  ].■#  "Hid  ihrtt  rhp  oditor  bKn  .. ' 

bin  w^Hk  Kn  well  an  ■<>  tOrtldittin.  In  tli  • 

■  lljtli'"J  Ju  |.ir.vliiii- *'iliUi:in*,  iMK\r<t  \\u-  ■ 
U*   ■  ■   I   wntfior     T^iil^  b*"  fi'>i 

p1  L  ■    EHUCh  !l«llOr,  Nttrl  f II  !l  C  ^f  <m 

till  ]  !  II  \i\\  T)nn-  ell  II  TI  y  4-«  I  II  i  fii- 

of  ■  ;'<ri»  I'f  Hip  u    . . 

nil..  -  r     WUh  ?' 

f<i<  I  .•«"-,  H  "    1 1  ■  I  ir  - 

«f    I 

Cl^l 

,>f  ,..  ■  ■ 

tbt^  ptjMi  EiK4ii.t'u4]L  ,l]  jkti  {i^iaLjljii  t^MhiL  lifUcUiA  wLUli      vnk   \ii   ivU:it-u\^i>   Ui,*    4Li»   UM^i  •    - 
July,  1*7 1  I  Jua»  1\  lJ*7i 


.  Mr 


iuijnfuT  i.r»i 


tjanrii  <iMjflnj<^  FflHtljilifs  *iid  liiii*r«*^(kiB^  wlilli*  u  pf*. 

•PfVenft  -^f  •■  '  '"  -"■  ■■ "'  ' '■  '     ''■'■■■  ^•■'■■■'-  '- 

r«ni!*7ti!  I  I 

JlnJl^T     ll 

bAA  bf**"  1^.  1.-.^.  .1  III 
Hon  ibnt  llirreur*^  in 
tltii*tr)iMdn«i.    Jtji  tntk' 

\hP    froik,    not    Otltjr  t'*    [MjjiitJh.M  ir-*-.     I. in     Mi-o    in    ^ri.r 

lOtll't^tudfi  of  mi*iilifal    prHrlHlfiDfrt  whrt  nr»  ahltft#d  I 
to  roui}?oito.d  Ibtfiir  vwb  un^iliiMiic*.     h^vUi  ^*i*r  bnld  , 


thvw.  »A  I 


I 


STILLE  {ALFRED),  if-/?.. 
Pro/w»*f»r  o/  Tft^ory  «*"J  Prnrtit^f af  MftdiHnttm  th*  f7Htv*rwtt^  nf  P^mmm^ 

THKRAPEUTICS  ANP  MATERIA  MEIUOA;  i.J<v^t^m 

on  tbti  Aotion  and  Uftti  &r  Medleiiiftl  Agaoti,  inplqdinir  Ihci 
Fiiurlh  edition,  r«4viB«d  Kiid  «iilii^rg«d      In  lwc»  Urg«  iitid  liandj- > 
|>figei«.     CUitb,  $10;   iMtbaf,  fit     {JtfBt  IttHtfi,) 
Tbf  ctire  bfiitnweii  by  this  nullior  nn  ibe  rc%if it^n,  i>f  (bit  edltftiii  liJi#  k«pl  iH^^ 
vmrket  for  neitrly  two  ytntu  fti««l  hri«  locreii^cd  iu  «i»#  ftbiiui  iwn  botidf«<l 
IPftbntanding  ibis  ^n)mtgrmttiU  tbe  f^riee  ban  b«»n  kt|j|  at  the  furm«r  ymrj  >> 

h   k«    tiiiij»'n'*»iin  J  ru   »U'    much    irtuf*   t1iiio    to  4u-     i>(  ff--    ■-     -■■      -' ■  •    ■     •    -■ 
bounce  lh«  ^tipdUiHuc*  of  tlio  fourUi  ndlliuQ  iT  lb)a  .  iMtti! 
W#n  tnoirn  And  i*itcr-ltiiiii  yfork  ^UrU    and  I-hr. 


r«iii  Tr<*^4i«« 


Ftrr  nil  wtiocJ«q1r«>ift  dutiiplntD  work  on  Ibirratiiiuikeft 

lll-l 

th. 

Car. 

1«*illijg  ;i 
*>tb*f  U 
Tb«  rnpf  h.. 

»(-lt-kU"WH     -lull      JIM.I 

'«  -  in*4    hill 

J«'T-:  I  y  ItM  AUlhor    .....:    . 

COJiMUkU  i.f  hli^  Buiijwyta,  ^ud  Wiltel)  r«Ilil^)--  lit  *  IfUM- 

woiih/gatd*  la  ihv  tisk*r(mm —Art*.  PrtuftUltmfr,  1 
JaiK  i«;,v 

Fr.iin  Oiti  pi&Mleiirlofi  of  lti«*  flr^t  *dltl«ii  '*StlH^V 
Th«rjip«tit^c»''  liNi  bfirii  uur  of  t1i4^  eli44A4pi-  It*  »b- 
•Ptieo  rruin  mir  libn^rl^^  ir-nild  rr^itrt>  »  Ttic'nttRi 
wblrb  coal4  W  atW  liy  uo  oihffr  work  In  ih*   Inn- 


Wb>  ' 

of  n. 


cJ  t*«  Bbk 


*f  L  l4«kU 


/i^wrH.  0/ 

mcth 


itiTii>^t(ua  — £^«Woiii  JImI   nntf 


HiNRT  C.  Lia's  Publioations — {Mai.  Med. and  TheraveuHos).       18 

QRIFFITH  [ROBERT  £?.)»  M.D 

A  UNIVERSAL  FORMULARY,  Containing  the  Methods  of  Pnp.ir- 

\fi%  and  Administering  Officinal  and  other  Medicines.  The  whole  adapted  to  Physician-  and 
Pharmaoeatists.  Third  edition,  thoroughly  revised,  with  numerons  additions,  b*  John  M. 
Ma  I8CH,  Professor  of  Materia  Medioa  in  the  Philadelphia  College  of  Pharmacy.  In  one  large 
and  handsome  octavo  Tolnme  of  about  800  pages,  cloth,  $4  50 ;  leather,  $5  50.    {Jntt  Issued  ) 

Thifl  work  has  long  been  known  for  the  vast  amount  of  information  which  it  present?  in  a  con- 
densed form,  arninged  for  enfty  reference.  The  new  edition  hns  receired  the  most  careful  revi- 
sion nt  the  competent  hands  of  Prnfestsor  Maiscb,  who  hns  brought  the  whole  up  to  the  standard  of 
the  most  recent  authorities.  Morethnn  eifi^bty  new  headings  of  remedies  have  been  introduced, 
the  entire  work  has  been  thoroughly  remodelled,  and  whatever  hns  seemed  to  be  obsolete  ha.«  been 
omitted.  As  a  comparative  view  of  the  United  States,  the  British,  the  German,  and  the  French 
Pharmacopceins,  together  with  nn  immense  amount  of  unofficinal  formulas,  it  affords  to  the  prac- 
titioner and  ph.irmaceutist  an  aid  in  their  daily  avocations  not  to  be  found  elsewhere,  while  three 
indexes,  one  of  "Diseases  and  their  Remedies,"  one  of  Pharmaceutical  Names,  and  a  iieneral 
Index,  afford  an  easy  key  to  the  alphabetical  arrangement  adopted  in  the  text. 

The  youDjir  practitioner  will  And  the  work  iovala-  To  the  drnflrgixt  a  good  formnlary  Is  vlmply  indie- 
able  in  Hiigi(eK(ing  eligible  mudeH  of  admiQl<«terihg  pennable.  and  pnrhaps  no  formuUry  ha«  been  in-^re 
many  reiuedie<«. — Am.  Journ.  of  Pharm,,  Feb.  1874.  extentively  ased  than  the  well-known  work  before 
n.  #  rt  .^.Lt  n  .  -.  .  **••  Many  phy-ticlans  have  to offlciate,  al8o,a«  dru^- 
Oar  copy  of  arifflth  s  Formnlary,  after  long  use,  gi^u  ThU  l/irae  enp^cially  of  the  conntry  physi- 
first  in  th«  dispensing  •'hop  and  Hfterf»rd«  in  oar  clan,  and  a  work  which  shall  tearh  hlra  the  means 
medical  practice,  had  gradaally  fallen  behind  In  the  by  ^hich  to  admlnixter  or  combine  hln  remedie«  in 
onward  march  of  materia  medlca,  pharmacy,  and  the  mo-t  efflcacions  and  pleasant  manner,  will  al- 
th«rap^ntic»,  anlll  we  had  ceawd  to  consult  it  a«  a  ^^j^  hold  lis  place  upon  hU  iih«*lf.  A  formnlary  of 
dally  book  of  reference.  &>  completely  has  Prof  th,^  ^Ind  is  of  beni^flt  aUo  to  the  city  phy-lcian  in 
MalMch  reformed,  remodellfd  and  rejuvenated  it  In  largest  practice. -(7f»<?<n»»a/<  "JUnie,  Feb.  21,  1874. 
the  new  edition,  we  shall  gladly  welcome  it  back  to  „^  „  ,  u  i  :•  ■  i  •# 
our  table  again  beside  Dungll-on.  Webster,  and  Wood  ,^  Jhe  Formnlary  haylready  proved  ll.elf  accepta- 
k  Bach^  The  publisher  could  not  have  been  more  *>1«  ^^  '*>«  medical  profesn  on,  and  we  do  not  he*lUte 
fortunate  in  the  nelecilon  of  an  editor.  Prof.  MaUoh  ^^  "*y  **»'*'  the  third  edition  la  mach  improved,  and 
Is  eminently  the  man  for  the  work,  and  he  haa  done  «f  greatf;  practical  value.  In  conse^iuence  of  the  care- 
it  thoroughly  and  ably.  To  enumerate  the  altera-  J^^  revlnion  of  Prof  Malacb.-CAfca^o  Mf.d.  Bxam- 
tlons,  amendments,  and  addltiona  would  be  an  end-  *****"•  *^**'«'>  '^«  *o74. 

lees  tatik  :  everywhere  we  are  greeted  with  the  evl-  A  more  complete  formnlary  than  it  is  in  its  prea- 

dence«  of  his  labor.     Followiag  the  Formnlary,  is  an  eat  form  the  ph%rmaci<«t  or  phyiieian  could  h^rily 

addendum  of  useful  Recipes,  Dietetic  Preparations,  dexire     To  the  flrst  Mome  such  work  is  indi'^pen'Mi- 

List  of  locompatibles,   PoHological   table,  table  of  ble,  and  it  Is  hardly  lesi  essential  to  the  practitioner 

Pharmaceutical  Names,  Officinal  Preparations  and  who  compounds  \iU  own  m'^diolnei.     Much  of  what 

Directions.  Poisonn.  Antidotes  and  Treatment,  and  is  contained  in  the  introluction  onght  to  be  oom- 

copionn  indices*,  which  afford  HM^dyacceas  to  all  parts  mitted   to  memory  by  every  student  of  meiioine. 

of  the  work.     We  unhesitaMngly  commend  the  book  As  a  help  to  phyHiclan<i  It  will  be  found  Invaluable, 

as  being   he  beat  of  its  kind,  within  nnr  knowledge,  and  donbtlea^  will  make  its  way  into  lihrariea  not 

—Atlanta  Med.  and  Surg.  Journ. ^  Feb.  1874.  already  supplied  with  a  standard  work  of  the  kind. 

—The  American  Praetiiioner,  Louisville,  July,  '74. 


Et 


LLIS  (BENJAMIN),  M.D. 

THE  MEDICAL  FORMULARY:  being  a  Collection  of  Prescriptions 

derived  from  the  writings  and  practice  of  mnny  of  the  most  eminent  physicians  of  America 
and  Europe.   Together  with  the  usual  Dietetic  Preparations  and  Antidotes  for  Poisons.    The 
whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Observations.   Twelfth  edi- 
tion, carefully  revised  and  much  improved  by  Albert  H.  Smith,  M.  D.    In  one  volume  8v" 
of  376  pages,  cloth,  $3  00. 

pEREIRA  (JON A  THA N),  M,  Z>.,  F.  R. S,  a7id  L.  S.  * 

^MATERIA   MEDICA   AND  THERAPEUTICS;   being  an  Abrid^- 

ment  of  the  late  Dr.  Perelra^s  Elements  of  Materia  Medica,  arranged  in  conformity  with 
the  British  Pharmacopoeia,  and  adapted  to  the  use  of  Medical  Practitioners,  Chemists  and 
Druggists,  Medical  and  Pharmaceutical  Students,  Ao.  By  F.  J.  Farrk,  M.D.,  Senior 
Physician  to  St.  Bartholomew's  Hospital,  and  London  Editor  of  the  British  Pharmacopoeia : 
assisted  by  Robbht  Bbntley,  M.R.C.S.,  Professor  of  Materia  Medica  and  Botany  to  the 
Pharmaceutical  Society  of  Great  Britain;  and  by  Robert  Waringtor,  F.R.S.,  Chemical 
Operator  to  the  Society  of  Apothecaries.  With  numerous  additions  and  references  to  the 
United  States  Pharmacopoeia,  by  Horatio  C.  Wood,  M.D.,  Professor  of  Botany  in  the 
University  of  Pennsylvania.  In  one  large  and  handsome  octavo  volume  of  1040  closely 
printed  psgei,  with  236  illustrations,   cloth,  $7  00;   leather,  raised  bands,  S8  60. 

DONGLISON'8  NEW  REMEDIES.  WITH  FORMUL-S  [  C  TRI8TI80N'8  DI8PBN8ATORY.  With  coplouHad- 
POR  THEIR  PREPARATION  AND  ADMINI8TRA- |  dltionn.  -nH  9i^  Ur»*  ^AAH.4,n«rTaT«n»ii  Py  R. 
TION  Seventh  edition,  with  exteosive  additions.  .  EctLasrBLD  QaiPPiTH,  M.  D.  One  vol.  8vo.,  pp.  loou ; 
One  vol.  8vo.,  pp.  770;  cloth.    $4  00.  cloth.    $4  00 

WHATT0  0B8ERVEATTHEBBDSIDBANDAPTBB 'CARPENTER'8  PRIZE  ESSAY  ON  THE  USE  OF 
DiATH  la  Medical  Casbs.  Published  under  the  j  A lcobolio  Liquors  in  Hbalth  Airn  DrsiASB.  New 
authority  of  the  London  Society  for  Medical  Obser-  edition,  with  a  Preface  by  D.  F.  Cokdis,  M.D.,  and 
vation.  From  the  second  London  edition.  1vol.  explanationsofseienti&c  words.  In  one  neat  12ino. 
royal  12mo.  cloth.    $1  00.  1     volume,  pp.  178,  duth.    60  cento. 


Hi^raT  0-  LiA^e  PuBLiCATioffi — (Palhologjf^  ile.>* 


A  MANUAL  OF    MATEUIA    .MKHfCA    AMI    TU  ITIO?. 

JKCLlJillNO  THE  PIURMACY,  THE  PHVSlOUiCHCAL  ACTl-  I  flB  Till. 

RAl'EUTiCAL  VBES  OF  DEUaS.     In  out  i»«M  oeu^o  voUmc,     ^iVjv^*.^'  » 


PEXWICK:  iSAMUELl  MM., 
THE  STUDENT'S  GUIDE  TO  MEDICAL  DIAOXOSIS,     Fi 

Third  Retistfd  and  Bnlurg*d  Englbb  Editior*     Wilii  mghXjti-tnt  rljtt«irmU«*iit 
Iq  one  vtTj  hnfvdifi^tne  volume,  rojiil  ]2iiiLti<.,  elotbt  i^  th.     {Ju  i 

cl«1tno4  to  lie  wfUtTB  ftir  t^**  apeirfi^l   Iflnt'iiPiiiJij  (*r    .1.1-1.^,1  in  f^.r,,!,,.,  ..  -«.    . 

•  tUiJva.Mi.  \hU  H  tbe  lw»>t,     TheRnrbrtr  Uff^ldcaMj  ji 
wt»H  r»iid*nciBrc»mplU)ird  pb^vkiifl.  tod  9>p  kt^ovr- 

Rerldwtiltb  Dr   1  (iuq.  There 

an?  ti^w  bo^fkiii  i-^i  i>.>^-  .-^.r  .  ,.  ,  ,»    >  ,.,  ui'dtclD^  1h«( 

bflfiTi^  tt»      f  I  1p  II  lti»i4k  Wf^  rao  it<]D(?4»rti1j  ff  c,omn).#iiii 
tUloBfr  »•  »  rtAiiiy  Aod  iif>«riit  aI4  !«  him  itietiitJf|.— 

It  tixxver*  thin  frotiiid  «l  mMi^til  ilJ»gDiMl«ln  ft  «o«- 


re*  I" 
Ti..  i 


•  I  tn  1^  la  fW  fwtiMJia  if 


flEEEN  (T.  HESHr).MD.. 


PATHOLOGY  AND  MOKUID  AXATOMY.   SccorMl  American. fi 

tc^e  Third  hdiJ  Entnrgeil  Eiig)i>b  Krliiion     With  tiunifftui*  illusti-jiiiwnf  on  Wood      la 
Tefj  ImDcLsuBie  cMituvo  rolnme  of  o*er  300  piigr        '     '     ^"  ^'  '^rjii  K^t^g.) 

■  IJiriUith  Jl  hnii  Iflruvfti  FUUir^  *' 
IV  llUlt  IkMjk,  nil*!  Wi'  nro  iiit^Ui 
in  itj;..  i.,.  »M ji,.?  irf   iKr  *.il. 


'•♦•••I  ft  ■►••f^i^ifjp 


OLOOl'SATLAB  OP  PATnOLfVOlCAL  HISTOLOQT. 
TniUBl|it«d,   wtlb   rfotea  nuJ    AddilL  <ii>i,  ^J  i>.»)iirH 

quarta,  vritli  S^O  i?opp«r-pUt«  ajUT«&,  p1»ln  ftud 
eolornd,  eLotli.    §4  tM^ 

LA  £OCSE  ON  YKLLOW  FBVER.  £aft>M?md  la  lit 
IIti»ti»ri£ftU  Paihobiglc&I.  EtWbgkiki.  •.Qii  Then  pen 
tlcftt  RflfttlioiiA.  I  Q  t  wo  lirg«  and  ttAstiasiBic  ii«uiti 
Tolamei  of  ummtlf  IM^^  ptigi^*.  DhAh      |T  OC! 

HOLLAKD'B    HgPlCAL    NOT£!f^    AND    KRFL^C> 


1 

:inii    f 


AMb  |lirrnti>iiH  ur  UfttMt^AL  (>BfftftV4r%G-A  j|^»  Eft 
iKAlicril,     r-f   cn.^    i>.<i  af  «4t44««4    ftt«4#%M  «ft| 

BAALOW  fc     ^ ..     ...  ..     "  ^'    T  ►*  i'     *■  b  •  ^*^  *.-t    «f 

VlDICI^Ii.     With    t-  ,M1. 

TOl>D'SCU»JCALLIWrTrKK>nji  niHT*i:«  ACCTI 
0 1 »« 4HitM    J  a  OK*  %^%\  o«tft iPft  Vftl«to«,  «r  «S0  M«ft^ 


m 


fJTVROES  lOCTA  VIU.%  MJK  Caniab., 

*-?  FkH'^v  oft*'*  R'fifiil  tffM*§*  *'/  Ptty/^i'^irn*,  ^e.  ^t, 

AN    INTBODUCTION    TO    THE   STUDY   OF   CLINICAL    MEIh 

ICINE.     B^lng  ft  Qiti4l#  to  the  InTPitigftlion  «f  Diseate,  r*)f  lltft  ITtft  of  Sio^cftU^     Itt  im 

huDdaome  !2ttio*  volume,  otur.h,  fl  2i.     iLittijf  iMMtttJ,^ 


nAVL^il^ATHANSX 

CLINICAL  LECTUitr^S  ON  TARIOUS    IMPORTANT   I 

h^'mg  11  c(iU#ction  uf  the  riiiiicdl  Lectures  delivered  in  the  MpdlvaJ  Ward* 
pilftl,  Chioiigo      EdJieil  bj  Fha^k   H.  Batfh,  MB.     St^cimti  vKtUioa,  anUr^ed. 
hmidiorab  njjfti  ISm<>,  Toluiof      Cluib,  |i  f5,     {Lately  luf^.y 


3; 


.QTOh'ES  {WrUJAm.  VO..  D.C.I...  F.F.S,, 


LECTURES  ON  FKVKR,  tletivfrt'.!  in  tlie  Tlientre  of  the  Mwth  ITf* 

pilal  Kii<l  CMiBly  «ri>uMin  Intlrmiirr.     BditfH  br  Jixix  Wii.i.ii«  Hmiiia,  M  .  ,,| 

FhyaieUn  la  t\u  C<>ikSu««t  P«v«r  ilospiul.     In  una  DMt  unUto  twIbbi«.  4. 

(AW  i{«a«Jy.> 


I 
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IffLINT  (A  USTIN),  M.  D., 

^  Proftsaor  of  the  Principles  and  Practice  of  Medicine  in  Bellnue  Med.  College,  If,  7. 

A  TREATISE    ON    THE    PRINCIPLES    AND    PRACTICE    OF 

MEDICINE ;  designed  for  the  ase  of  Students  and  Pr&otitioneri  of  Medicine.     Fourth 

edition,  revised  and  enlarged.   In  one  large  and  closely  printed  octavo  Tolume  of  about  1 1 00 

pages ;  cloth,  $6  00 :  or  strongly  bound  in  leather,  with  raised  bands,  $7  00.    (Just  Issued.) 

By  common  consent  of  the  English  and  American  medical  press,  this  work  has  been  assigned 

lo  the  highest  position  as  a  complete  and  compendious  text-book  on  the  most  advanced  condition 

of  medical  science.     At  the  very  moderate  price  at  which  it  is  offered  it  will  be  found  one  of  the 

cheapest  volumes  now  before  the  profession. 


This  exc^Ilt'Dt  treatise  on  medieioe  has  aeqalred 
for  ItHelf  io  the  HnUed  States  a  reparation  ttmilarto 
thatenloyed  in  England  by  the  admirable  lectares 
of  Sir  ThoDiHs  Watson.  It  may  not  poMesi  the  same 
eharm  of  style,  bnt  it  has  like  solidity,  the  fralt  of 
long  and  patient  observation,  and  presents  kindred 
moderation  and  eclecticism.  We  have  referred- to 
many  of  the  most  important  chapters,  and  find  there- 
vision  spoken  of  In  the  preface  is  a  genuine  one,  and 
that  the  author  has  very  fairly  brought  up  his  matter 
to  the  level  ofthe  knowledge  of  the  pr«*sent  day.  The 
work  h48  this  great  recommendation,  that  it  is  in  one 
volumf ,  and  therefore  will  not  be  so  terrifying  to  the 


dents  and  a  book  of  read  y  reference  far  practit  loners. 
The  force  of  its  logic,  its  simple  and  practiral  te»n*h- 
ingM,  hsre  left  it  without  a  rival  in  the  field  —N.  J. 
Mfid  Record,  Sept   Ifi,  1874 

Flint's PracttceofM<»dicine  hasbeeomeso  fixed  in 
its  positional  an  American  textbook  that  little  need 
be  said  b<>yt>nd  the  announcera<«nt  of  a  new  edition. 
It  may,  however,  be  proper  to  say  thit  the  author 
has  improved  the  ncasion  to  introduce  the  Utest 
contributions  of  medical  literature  together  with  the 
ref^ultsof  his  own  continued  clinical  observations. 
Not  NO  extended  as  many  of  the  standard  works  on 
practice,  it  still  is  snflleiently  complete  for  all  ordi- 


student  as  the  bulky  volumes  which  severalof  our  ,  ^n^Vyr^t^V.^c;  11^^:^"^^^^^^^ 

^""i^'L^Vn^'i^.::^^^^^^^  "^^'^  f^'  '^^  hu.vteneral  pracitioner.- 

—British  and  Fbreign  MrdChir.  Rev.,  Jan.  ISU.       Cincinnati  Lancet  and  ObMeroer,  Jnne,  1873. 

It  isofconrse  unnecessary  totntrodnce  or  enlogize  Prof.  Flint,  in  the  fourth  edition  of  his  great  work, 
this  now  standard  treatise.  All  the  colleges  rerora-  '  has  performed  a  labor  reflecting  much  credit  upon 
mend  it  as  a  text-book,  and  there  are  few  libraries  |  himt>elf,RndconferringalH<«tinKbeneat  upon  the  pro- 
In  which  one  of  its  editions  is  not  to  be  found.  The  fes^ion.  The  whole  work  showHevidencs  of  thorough 
pre«enteditionha»«been  enlarged  aud  revised  tobring  '  rerl-ion,  ho  that  It  appears  like  a  new  book  written 


it  up  to  the  author's  present  level  of  experience  and 
reading  Hlsown  clinical  studies  and  the  latent  con- 
tributions to  medical  literature  both  in  this  country 
and  in  Europe,  have  received  careful  attention,  so 
that  some  portions  have  been  entirely  rewritten,  and 
about  seventy  pages  of  new  matter  have  been  added. 
"Chicago  Med.  Joum.,  Jnne,  1873. 

Has  never  been  surpassed  as  a  text-book  for  stu- 


expreh*-ly  for  the  times  For  thegeneral  practitioner 
and  student  of  medidne,  we  cannot  recommend  the 
book  in  too  strong  terms. —y.  F.  Jtfied. /our,  Sept.  '73. 
It  is  given  to  very  few  men  to  tread  in  the  steps  of 
Austin  Flint,  whose  single  volume  on  medicine, 
though  here  and  there  defective.  Is  a  asterpieoe  of 
lucid  condensatioi  and  of  general  gr  sp  of  an  enor- 
mously wide  subjeet  ^Lond.  Practitioner,  Deo.  '78. 


fT  TBS  SAME  AUTHOR. 

ESSAYS    ON    CONSERVATIVE   MEDICINE    AND    KINDRED 

TOPICS.     In  one  very  handsome  royal  12mo.  volume.     Cloth,  $1  38.     {Just  Issued.) 


Thl«  little  work  conipri»t'!<a  imuilwrof  esj«ay»«  wriltun 
at  various  times  for  mtHllcal  journnU  and  societie."*.  It  is 
annece«sary  iosay  aufrhtin  re^rnnl  to  the  stvloin  which 
they  are  written,  fbr  Dr.  Flint  is  fnniiliar  as  a  hou«e- 
hold  wonJ  to  the  profession,  llif*  name  is  a  guarantee 
that  th<*  subjects  are  treat»*d  in  a  mnsterly  manner.  The 
following Fulijert*  are<iiscusf*(Hl :  C<>n.««rvative  medicine, 
as  applietl  totherjtpcutirs  and  hygiene,  medicine  in  the 
past,  the  present,  and  the  future,  alimentation  in  dis- 
ease, tolerance  of  disease,  on  the  agency  of  the  mind  in 


etiology,  prophylaxis,  and  therapeutics  and  divine  de- 
fi-rti,  Hs  exemplified  in  the  natural  hi>tory  of  diseases. 
A  more  sugjrestlve  collection  of  topics  it  would  be  diffl- 
cult  to  conceive  The  as?nyt»  on  conservative  medicine 
are  peculiarly  vnlnable.  The  author  in  theie  takes  a 
very  comuion-sense  view  of  the  treatment  of  disease, 
and  shows  the  neoevHity  of  "eonserving"  to  the  fullest 
extent  the  stren^tth  of  the  system  In  order  to  devi«e  the 
bf'Ht  results  from  tberw  mtdicutrixnatura, — l\ninsuUir 
M^d.  Journ  ,  Oct  1&74. 


Wi 


^ATSON  {THOMAS),  M.  Z>.,  ^c. 

LECTURES    ON    THE    PRINCIPLES    AND    PRACTICE    OP 

PHYSIC.  Delivered  at  King's  College,  London.  A  new  American,  from  the  Fifth  re- 
vised and  enlarged  English  edition.  Edited,  with  additions,  and  ^evei^al  hundred  illustra- 
Btions,  by  Hbnrt  HARTSHORifK,  M.D.,  Professor  of  Hygiene  in  the  University  of  Pennsylv. 
nia.  In  two  large  and  handsome  8vo.  vols.  Cloth,  $9  00;  leather,  $11  00.  {Lately  Published,) 


It  is  a  subject  for  congratnlation  and  for  thankful- 
■eaa  that  Sir  Thomas  Watson,  during  a  period  of  com- 
parative leisure,  after  a  long,  laborious,  and  meet 
honorable  professional  career,  while  retaining  fnll 
poasession  of  hie  high  mental  faenlties,  should  have 
employed  the  opportunity  to  submit  hie  Lectures  to 
a  more  thorough  revision  than  was  possible  during 
the  earlier  and  busier  period  of  his  life.  Carefully 
passing  in  review  some  of  the  most  intricate  and  im- 
portant pathological  and  practical  quewtlons,  there- 
suits  of  hisclear  insight  and  his  ealm  judgment  are 
now  recorded  for  the  benefit  of  mankind,  in  language 
which,  for  precision,  vigor,  and  elasaical  elegance,  baa 
rarely  been  equalled,  and  never  surpassed  The  re- 
vision has  evidently  been  most  carefully  done,  and 
the  results  appear  in  almost  every  page. — Brit.  Med. 
Joum.,  Oct.  U,  1871. 

The  lectures  are  so  well  known  and  so  Justly 


Appreciated,  that  it  is  scarcely  necessary  to  do 
more  than  call  attention  to  the  special  adVaotagee 
of  the  last  over  previous  editions  The  author's 
rare  combination  of  great  scientific  attainments  com- 
bined with  wonderful  forensic  eloquence  baa  exerted 
extraordinary  Influence  over  the  last  two  generations 
of  physicians.  His  clinical  descriptions  of  most  die- 
eases  have  never  been  equalled;  and  on  this  acore 
at  least  his  work  will  live  long  in  the  future.  The 
work  will  be  sought  by  all  who  appreciate  a  great 
book. — Amer.  Jonm.  fif  Syphilography,  July,  1878. 
Maturity  of  years,  extensive  observation,  profound 
research,  and  yet  ooutinnous  enthusiasm,  bav^eom- 
bined  to  give  us  in  this  latest  edition  a  model  of  pro- 
fessional excellence  in  teaching  with  rare  beauty  in 
the  mode  of  communication.  But  thla  cUutsie  needa 
no  eulogium  of  ours.— C^iea^o  Med.  Journ.,  July, 
1872. 


jyVNGLISON,  FORBES,  TWEEDIE,  AND  CONOLLY, 

THE  CYCLOPEDIA  OF  PRACTICAL  MEDICINE:   comprising 

Treatises  on  the  Nature  and  Treatment  of  Diseases,  Materia  Medioa  and  Therapeutics, 
Diaeaaes  of  Women  and  Children,  Medical  Jurisprudence,  Ao.  Ac.  In  four  large  super-royal 
octavo  volumes,  of  3254  doable-oolumned  pages,  strongly  and  handsomely  bound  in  leather, 
$15;  cloth,  ^11. 


[ill RY  C.  LbA*§  PUBlilCATIOffl 


0f  Medians)* 


: 


A  MANUAL  ON  TIIR  PHACTiCK  OF  MKPICIXE. 

AdditiiJiiB,  hy  JAurs  It,  llPTrms^tt?..  Bfl  I^,  PhjiiciMn  to  tli»  iVnaa 
hii[Hl>-omfl  uctuvo  rolume  ttf  aver  i  H'O  piipei  :  cloth,  f  ^  r»U  ,  \pnl\i9r,  f*^ 
In  the  *lfort  of  tlie  niitbor  to  render  thiP  roluns*  »  pomt>?»l«  *»^il  Irtisiv 
Mind  rot  jind  priu-tith>tier  he  hiiii  eoi«r«dl  u  iiiri*ier  fieltJ  tbitn  b  oa*U  111*1  v 
Pinciic(!<  of  «\!editnii««  luid  ht^n  fvdulouMly  ericlpfivored  to  pr«#«nt  «»flh 
in  Oft  tn*^»dei'n  tli«v^(iipni«nt»  of  ob^ffrvniiim  urn  I  trentment      So  murh  \\ 
to  tti large  our  k(ii»ii^lpdf^e  {*i  ilh^uft  hy  luifirijved  lubthtid*  ■ 
oies  hiiv'fi  bei'ii  cptlkd  into  ^t^rvu^  in  trMitii)?iit.  thitt  a  err, 
rrtnjitlilj  un  u  l«<ve1  wjlb  th«  ndvj^nce  fif  medicnl  0d>iirtici^.  viv. 

hui  loiind  it  iifrcefMir;  00I7  19  inak«  ^ut'b  Addiihri^iiF  »»  leetn^ 

Aiibtteri  in  iitbt«ih  the  practifle  of  (hifl  e<i(tntrj  differs  (ram  tkiii  ul  Euroj.«« 


B 


THE    PHACTlTfONER'd    HANDBOOK   OF   TliEATMKXT;    Ik, 

the  Principlpa  nf  ThemptutU'i.      %  J-    Mii-MitR  FoTHisucJi.L,   M  \  !l  B  C  f 

Liifld..  Afl^teluHt  Pli^f<t<*i*in  to  <He  W*st  Li*ndiin  Floapitml  ;  AntbUni  :  .  j  ibaCI^ 

«f  Lon^lon  llofpitiil  for  Diseiiei  of  lh«  Obcfii  VkluriJL  Pu^rk. 
ExTttArt  rBflW  thk  PftKrACB— •' Thij?  work  is  tioL  pwt  farwuni  m  •!!  imptcCMC  ^ri#t*i«i  •! 

PliTr**ie,    It  i*  It  novel  jitieiupt  inj^iplAiti  tba  rativrm/^  tif  uur  Tb«rft|»#iiJio»,     Firtt,  iMiflitwlM 

ijif  tht  *til"j>ol  id  ^iv€f).  >**  fjir  M  it  btsri  wn  nctunl   fir«cti(?»;    tben   iho   iMlheiliif  jr  I*  ^4l«n«. 

*fUr  thut  ihe  nciion  of  remedlve  is  tKumintd  ;  ittiii*  fiujiJIjr,  Uieir  ■ppluJiiUon  in  ■ctvftl  ] 

ia  dftierib«d  '' 

SUMMARY  OP  CONTENTS. 
CiUPTKR  I.  Tntro^netion.     11.   AssiTOil»tii»Ji      IIL  E%cr*tioii.     IV* 

V.   Infliniimalion,  il^  Vsinetiri,     VL  Aniti*itJi— Plelhofn— Coii|f^*tii*Ji, 

eny      VJII     AbnMriM!il  Grtuvtha.      IX-  Bk»od  Pouanf— i^p»    i^'     " 

Bi^e^iei.     XT.    I>ifthc'ti**— RhfummttirTn — Gnut       Xll-    Ditu 

arid  In nc Hon,     XIV    1  hi?  C'lfcnhitory  8jBttm*     XV,  Th**  i: 

(?«j?t^re  %tt4«in.     XVII    Tbe  ITrinary  System.     XVIH    Ttje  Kopio.J 

CiiL»f>*0BP  B^'ftrm.     XX    Tb«-  Lvrnpbntic  Kjpftem      XXI    The  NorTi>i 

nod  I* r  i V  ftl  e  H > girn«.     XX 1 1 L  F i.ud  i to  H e n I tb  »nd  ia  1 1 1-b«»llb      X  X  t  i 

fTA R  TsnoUNE  ( BEXH  V).  M  D^, 
ESSENTIALS  OF  THK    FRINCIPLES  AND   PRACTICE  OF  MKDl^J 

ClNE.     A  bandj-hnnk  f**r  ^ludenU  j%nd  PmcliiioDrn.     Ffmrlh  lidilton.  r»»i»»4  ftAd  l*-| 

of  nbont  65H  |nip^'H.  otuth.  Sa  rt.1 ;  bdtf  b^mod,  f  ?  t<8      {,r 

Tbe  tborfiiigh  mnnni^r  in  whirh  lin-  iiutbnr  hn»  labored  to  fHU> 
hopk  ib«  uia^t  Hdfttticed  eondjtii^u  uf  |*riiiHt«ikl  uirdirint  If  »bov<  m   r>.  ,,,< 
editiun  cnn initio  m«»re  ibun  2M]'  uddinonUi  T4^fiirt>i!ipfihiig  th«i  in¥i>Hti|^Eiti4in«  1 
ferred  to  in  |jreviMUi(  rdiliun?.     ^^i>twi(b«liindiiig  Jin  f  nlrtrgemrnt  uf  tin-   y- 
increntifd  bj  sijlj  p-igen,     A  namb«r  of  ilfu?trnlSwnf  biiTe  b^en  inti 
will  fntit^tAt?  tbt*  foiM|jreb4Fn£ifm  of  det&tip  bj  ihe  Jrendrr,  mid  no  iiffcr 
Ibe  ToJiim«  fforlbj  ^cni;ittnujinf«  4jf  Ibe  s^*rj  graitl  fftvof  iiiTl      ''     '     * 

Thtwofk  U  briiugJiP  ItiUv  tip  witb  mU  thft  threat  ,       Wdtintii 

^^";  >*  "J  **%*^r,r"*'"  I      A»  •  hurtdWok.  wbl«k  ct«rfj  M»Ct  *i»ri¥  lk*i 

TV#  I,nr#  BirfMily  b*d  tHre»ft<ni  te  »4JiJc«  lb«  pr*.T»-  I  ****  ***<  ''*"**  '^'  '*"  *'^*'**  '  *'*    *' ^ 
jn»RdltiKD-i»f  iLl*.  woTk,     Ulii^xeiiUFiit  oftuklnd.  I      An  ft  brl^if,  eon J#iiA*d,  but  **>»*  1  ■  i% 

Til*  AuiliMr  1»H»  giir«ii&¥<>rj4>*»i'r'nl  r^viitouJUTietf    book,  11  «ftDii*4  tni  lirirf^r^Hl  npo».«-ci4fn^« 
«>C  rbe  riti'li)  prM^K^ofuiedte*!  feci#tie9  —  JV".  T  Jffti.  ,  £sttiM«]i«r,  If  or.  )A,  IfrM. 


^h«Bd  J 
.  MM.  mmdSwg 


Juwrn,,  No 


A  MAXUAL  OF  DIKT  AND  KEGIMEN  IN  HEALTH  ANP  SlCt^ 

NESt^,     In  no«  liiii)d«ome  acinrti  ToJ^i90,     Ciolh,  12  7A,       {Jn«i  /jt«»i«/,} 

Jjr  THE  SAME  AUTilOH.  {Lateifpnmsh^U  REStORATIVK  MBDfCIKB.  Aft  OftH 
▼•inn  Annu&l  Qmtion  With  Two  B«<|ii«l«.  U  on«  vvry  lu^ndjon*  raln»a«  ckaII  lta#^ 
otfith.  tl  00,  ^ 

THE  IH.SKASE.S  OF  THK  STOMACH.     ^ 

ib*  **DiEigtiii»it  Mid  TTBttm^ivi  «!  Ibe  Vnrioritu  of  ( 


HsNBT  C.  Lea's  Public ationp — (Diseases  of  the  Chesty  tfec).        H 


PAVr(F.  W.).M.D.,F.R.S,, 
senior  Attgt.  Phynieian  to  and  Lecturer  on  Phyniolngy^  at  fjhtf/*9  HonpHal,  Ac. 

A  TREATISE  ON  THE    FUNCTION  OF  DIGESTION;  its  Disor- 

ders  and  their  Treatment.     From  the  second  London  edition.    In  one  handsome  tolamt, 
small  ootaTO,  cloth,  $2  00.  

»  r  THE  SA ME  A  UTHOR.      {JuM  I^>»n«d. ) 

A  TREATISE  ON  FOOD  AND  DIETETICS,  PHYSIOLOGI- 
CALLY AND  THERAPEUTICALLY  CONSIDERED.  In  one  handsome  octaTO  Tolame 
of  nearly  600  pages,  cloth,  $4  75. 


PLINT  {AUSTIN),  M.D., 

*  Pro/esMor  of  the  PrincipU»  and  Practie*  of  Medicine  in  Bellevue  HoitpUal  Med.  OolUge,  if.  I 

A  PRACTICAL  TREATISE  ON  THE  DIAGNOSIS,  PATHOLOGY, 

AND  TREATMENT  OF  DISEASES  OF  THE  HEART.     Second  rerised  and  enlarged 
edition.     In  one  oetaTo  volnme  of  550  pages,  with  a  plate,  cloth,  $4. 

Dr.  Flint  choBea  difflcali  sabject  for  bi»  reBearchen,  ,  tad  clearest  practical  treatise  on  those  Bnbjects,  and 
and  bas  »hown  remarkable  powers  of  obiierTation  thoald  be  In  the  hands  of  all  practitlooerh  and  sta* 
%-nd  reflection,  aw  well  ah  groat  industry,  In  his  treat-  lents  It  is  a  credit  to  American  medical  literature, 
ment  of  it.     HiH  book  must  be  cunitidered  the  fnllest     -Afner.  Joum.  of  ih^  Med.  Scieneea,  Jaly,  ISM. 

gT  THE  SAME  AUTHOR. 

A    PRACTICAL   TREATISE   ON    THE    PHYSICAL   EXPLORA- 

TION  OF  THE  CHEST  AND  THE  DIAGNOSIS  QF  DISEASES   AFFECTING  THE 
RESPIRATORY  ORGANS.   Second  and  roTised  edition.   In  one  handsome  octavo  Tolnme 
of  595  pages,  cloth,  $4  50. 
Dr.  Flint's  treatise  Is  one  of  the  moat  trustworthy]  iney  to  over-reflnement  and  unnecessary  minuteness 

J  aides  which  we  can  oonftnlt.    The  atyle  is  clear  and  ;  rbich  charaeterizeH  many  works  on  the  same  sub- 
istinct.  and  is  also  concise,  being  free  from  that  tend-  J  %et.— Dublin  Medical  Prett,  Feb.  6,  1867. 

or  THE  SAME  AUTHOR.     (JuH  Rendy.) 

PHTHLSIS:  ITS  MORBID  ANATOMY,  ETIOLOGY,  SYMPTOM- 

ATIC  EVENTS  AND  COMPLICATIONS,  FaIaLITY  AND  PROGNOSIS,  TREAT- 
MENT, AND  PHYSICAL  DIAGNOSIS;  in  a  series  of  Clinical  Studies.  By  Austin 
Flint,  M.D.,  Prof,  of  the  Principles  and  Practice  of  Medicine  in  Bellevue  Hospital  Med. 
College,  New  York.  In  one  handsome  octavo  Tolame :  $3  50. 
Thi«  Tolume,  containing  the  results  of  the  author*s  extended  observation  and  experience  on  a 
subject  of  prime  importance,  cannot  but  have  a  claim  upon  the  attention  of  every  practitioner, 

Thi^  l)ook  rontaiiifi  an  analysis,  in  the  author'^  lucid 
style,  of  the  note^  whii'h  he  has  made  in  fieveral  hun- 
dred ca«ef<  in  hoiipitnl  and  private  praclire.  We  com 
mend  the  Ijook  to  the  peruoal  of  all  int^reiittrd  in  the 
study  of  thi8  disease. — Bo^t/m,  Med.  and  Surg  Journal, 
Feb  10,  1876. 

The  name  of  the  author  Is  a  fufflcient  f;uarantee  that 
this  boo)(  ill  of  practical  value  to  both  student  and  prsc- 

gr  THE  SAME  AUTHOR.    {Now  Rt^Ofiy  ) 

A  MANUAL   OF  PERCUSSION  AND   AUSCULTATION;   of  the 

Physical  Diagnosis  of  Diseases  of  the  Langii  and  Heart,  and  of  Thoracic  Aneurism.    In 

one  handsome  royal  l2mo.  volume:  cloth,  $1  75. 
In  this  little  work  the  object  of  the  author  has  been  to  present  in  a  clear  and  compact  form 
the  exit>ting  condition  of  physical  exploration,  showing  the  manner  of  conducting  it  and  the 
diagnostic  value  of  the  several  signs  thereby  elicited. 

This  manaal,  from  so  experienced  a  pen  as  that  I  dent  or  practitioner  who  is  somewhat  rusty  on  the 
of  its  author,  eoald  not  be  otherwine  than  concise  "physical  signi*'  it  will  prove  Just  the  book  be 
dear,  and  practicaL     It  Is  all  these,  and  to  the  aia- 1  wants.— Jfed.  and  Surg.  Reporitr.  Aug.  19,  1876. 

ypLLIAMS  (G.  J.  B.),  M.IK, 

Senior  Consulting  Physician  to  the  Hospital  for  Consumption,  Brompton. 

PULMONARY  CONSUMPTION;  Its  Nature,  Varieties,  and  Treats 

ment.     With  an  Analysis  of  One  Thousand  Cases  to  exemplify  its  duration.     In  one  neat 
octavo  volume  of  about  350  pages,  cloth,  $2  50.     (Lateif  Published.) 


titioner.  While  the  author  takes  isKue  with  many  of  the 
leadini?  mindii  of  the  day  on  imp<trtai>t  que>*tion«  arising 
in  the  study  of  phthUiii,  the  stronc;  testimony  of  expe- 
rience and  authority  will  have  great  weight  with  the 
seeker  after  truth.  As  the  result  of  cllnicnl  study,  the 
w(»rk  is  un(H|ualled. — St.  Louis  Med.  and  Surg  Journal, 
March,  1876. 


FULLER  ON  DISEASES  OF  THE  LHNOS  AND  AIR- 
PA.SSAOES.  Th<»ir  Pathology,  FhyslcHl  DiHgiiosls. 
Sy[iipiom«,  aod  Treatment.  From  the  Kecond  and 
rerioed  KngliKh  editiou.  In  one  hna<iHome  octtivo 
volnme  of  about  .'id)  pages  :  cluth,  $:^  30. 

LA  BOCHE  ON  PNEUMONIA.  1  vol.  8vo..  oloth, 
of  600  pa^es      Price  $3  00. 

SMITH  ON  CONSUBfPTION  ;  ITS  EABLT  AND  RE- 
MEDIABLE STAGES.     1  vol.  8vo.,  pp.  254.    $2  26 . 


LECTURES  ON  THE  DISEASES  OF  THE  STOMACH. 
With  an  Introduction  on  its  Anatomy  and  Physio- 
logy. By  Wii.i.iAM  BRi}(Toif,M  D.,  P  K,.S  From 
the  second  and  enlarged  London  ediiioo .  With  11- 
Instrations  oo  wood  In  one  handHom^  octavo 
volnme  of  about  300  pages:  cloth,  4>3  tt. 

WAL8HE  ON  THE  DISEASES  OF  THE  HEART  AND 
QRIAT  VESSELS.  Third  American  edlUoa.  Ib 
1  vol.  8vo..  420  pp. ,  eloth.    $8  00. 


if  0 BERTS  (  WlhLIAAf),  Jf.  D.. 


Hkkbt  C*  Lma'b  FuMLJOATionB^FracHm  a/  M0du.^wp 


A  PRACTICAL  TREATISE   ON  URINARV  AKD 


L  niJL       I 


EBNAL  0ISi^ 

EASES,  including  Urin&ry  D«|M>fitN^  Iillusifiiic!(1  hj  tj timcrrciiu  qvmi  »a4  ve^Tmriafi.  6a»^ 
omi  imtrii^fLn,  from  lhi«  Second  Reviaed  stud  Knhirgtd  lrf»i^oft  Edition  In  oiif  Um 
ftiiiT  Hniiil^otne  ootftTo  Yolmiia  of  GIA  pii^e»,  with  ft  o^lored  pliiU;  tf1otli«  $4  S4      tJ^*«f 

The  author  hiL^^  nt3ij^qt«4  (Ms  work  to  a  verj  thorough  r#tii»ioii,  unT  "  s^i  |„  MiWIjli 

II  the  ff**ul[#  of  tbt  U(i"#i  *xperi(?rice  and  inve>l1g>iti'>n*,     AlthoifRti  !  h«#  V«*«ttiit 

to  kee|]  it  witlim  tbe  lidiitt;«if  Ui*  fornavr  «fis*,  it  hiw  bc»-n  f»iiW|^«d  b  nl  t*f^^  ■•«y 

Dew  woE»d-Gul^  hnve  be^&  inlrndiiGed,  iicd  nlno  n  c^ulured  p1iit«i  rp[ire:fcr minis  Ike  a,                      •  tW 

diffeteflt  vsiHoti***  t^f  itrin*,  while  the  prier-  hnp  b'^eti  r«t«in#ri  nl  th*  f«rto^r  rery  mM^ 

Thft  ptim.  It  win  thiui  l>r-  ne^-jj.  In  T*»ry  *Ntm|  '           --  -  .riT»ii*|»< 

KB  1  (ho  iiinuMeir  la  whlrb  it  ]iii>  ht^ifiii  CHrrlt'il  •'H'ftk  fiBimift 

flf  rF  ,    ■    -  '    '**f 

fjoly  ri,  .  i.f-  II.  IIP,  r.^  '^rr'.iij^u-  r.  <»tj»«ia^ 

r^.*^Hro-  Pr.  R r»b>n.ritii'i  work,  am  tum  '  i«l  «iii»i 

felp  r'rt'wf  nf  the  prfMfTat  *rn!#  of  :.  tv^fllSMbf 

bury  '                    'ill  AX  41  jcMf^  m^it  fr^linlil-  ^iihl'i  r,t  lh<^  t«.  ^t*  u»- 

elli>                       !  —  JE4fM.  A/f:ii  /fl«f»  '  nI  M»^ 

DA8UA  M  (W.K),  Jf.  i>,. 
REN  A  L  niSKASES:  a  Clinical  Guide  to  their  Diagnosis  and  TrwH 

With  ilhiitrAtion*.     loir  vullSmo.  ^alumr 

foixl,  mnJ  IhH  •1ia4f*iit  itnd  y\-nn^  "■   will 

ad  lhf«m  rail  i^f  Tii>vftbl«pr0^1cnl  Uiii!-  't  \>r  third 
p*rt^  oa  I  ho  urlop,  U  f<xc«lfi9ar,  und  we  ctifitljilljr 
riL'Oiniii«*bd  H*  pfi^rajmL  Tlii*  untlior  hft*  arrtogod 
bill  iTiAtl«>r  111  a  4otii(>what  aor^l,  uiid,  w#  tliiuk,  a«Hiii' 
flit  form  Horn  i^terything  cao  ttftfiKsllj  f^jnnd, Hfiitl, 
wbdl  !■  mota  impiinmaU  Wilf  rekd,  i\>r  ifcll  th«  tiff 


^onJt.  U  fall  ■''  ^•■M'l  't,.,k.  —  Hr,T 

Tin 


.1*1  r-^ 


ELECTRO  THERAPEUTIC^;  4  Coiieh^  Mjinitul  of  McmIicuI  Electri* 


<?itjr.     In  on*  T#ry  lieat  roynl  1 2mo.  volum»p  cloth,  w  ith  WUi 
Th^  Wiifk  1l«  crtnToolpal  lu  ifj«*.  I[«  ilenri'i^niUms  of !      Thl*  lUrl#  ^"0.1, 

tbeit^w'^rnl  pPjicllUtHior   ubi!    '  --  ...      i  _ 

p  h  711  li  O I  fii^T  «  n  il  ii  I M^  n  nn I*  «  r 

>bl«     Fi>r'l1in>*'e  who  with  •» 

for  l}iP  iitispkif  llj»>lit  uT  jRhlvii  ntMrii    in    nvnntn 

wlUi^rirrei  iin  h  Vf ff  juuii  ftuti  r«IUblQ  gut^a  - 

M^m*^ies*  <Ht.  1^74 

ll  tA  11  wU  wrUlfia  Wi.tik^  RQcl  c&]ciiJ«te(l  to  toent 
lh«  dfttiHadHi  uT  th^  buK/  pmctliiMit^r,  ft  contnlii* 
fha  9Ati«iil  pniir«ir<3li«JN  iiitljWlmE»orUaiUf|iBeh.i»f  tn«d* 
Mmy.^FtnfuAitUif*  Jftnr^i,  tt/  Mtd.,  Oct,  ISTl. 

Emlbenllf  priLrttcii]  tn  elmrh^lQr  Jl  wjll  Amplf 
rt^t*y  may  i>ne  f^r  %  cimfai  peru«AL— Xeuwnwt^pfiAt 
Jf-prf.  MMrniti,  Op  I,  1874. 


W*t  bai^t   .. , ,   . 

Tftlutublfi  utifftriiiKtiai] 
K1  •Ctrl  e-ll  f  —  (.^HOiJfi 
1&74. 


^ml*i 


THE  {HENRY), 

Prof  nf  BtLTQrr^  ffli  ih«  iit^fftil  iJt>Uf-ff4  f>f  H^rgtfiHB  fl/  Unghtnd,  0it\, 

LECriTRE8  ON  SVPTHLIS  AND  UN  s^OME  FORMS  OF  LOCAL 

PJSKASE  AFFECTING  PRtNCIPALLr  Till-:  0B0AN8  OF  GENKKATIOK*     U  ^ 

Itjit]  Kinoe  inhivu  vuiiiBin  T  dor  b;  §3  7^.     (/Vwu^  K^.uin  \ 


I 


T  '                                                       <    k    Iju    lin*  iipt'^b«J    n  wye 

t.r^M 

attiJ   .                                         I,  hm  cif  LtiL'  ^ixTtMriil  mid 

tllnl 

Bpt-   1  .                                                         1    riiM'  w|,|..  b    t.ii  -wii  I'r- 

1  tu 

t«uJisi  ).L 

h*iJilln    A 

Wbn  will  1                                                                                       _       . 

pjij"'                                             .iitv--.aM'  |.u<j.*.j,ib- 

^vi'- 

icnl                                                                                -   fi*.H|»   tb'<  piM't»— 

tb*» 

»tt  <i                                                     .  MfLHfnlriiJ  thi^  |i»r- 

,  JilrjtS 

tleuliif  .-Htyivt.—L'./.J./i  l'i:ittiH  tar,  M^rrlj,  UTli, 

«llnlr4J    jir^lt^^Ui    UEii't 

Thii  wiifk  %*  tfchiftJ.lff,  u  U  trflftij^  liult*  fnn>  uf  *i4b* 

%mtMr—Art)hivt$  *>/  L^ 

1 

«»t%»ll 


©rPHTIIEliU  :  lilt  Hitnr*  ftBd  Tr-»l  ^Mi,  wHb  »o 
Hirroiini  of  Ilii»  Hfaktr^  of  Kb  pTf<vk1«<neft  ta  VBfi. 

r«Tlii»*d  <itliilo&.    It)  oD»  i««t  rofiii  iVnaii.  Tolunti, 
cJo(h.  %l%\ 

tECTllHEli  OH  TR^  6TUDT  O?  rfiVKn.      Bt  A, 


^^«f- 


A  THlATt&B  OS  FBVIR      »j  8«i«uT  H.  if 

K  C  C.     ft!  OB*  o«Livo  tti|]iiii«  of  34tl  |M#*«» 

U  I- 


■^ftX^uw^  ^i\  ^V*i  ^v|,f ,  ^\.i,'C!iL„%i  t:. 
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DUMSTEAD  {FREEMAN  J.),  M.D.. 

-^^        Proff^nnr  o/  Venereal  DUeases  at  the  Ool.  of  Phy»  and  Surg.,  New  York,  Sc. 

THE   PATHOLOGY   AND   TREATMENT   OF   VENEREAL  DIS- 
EASES.   Including  the  resultn  of  recent  investigations  npon  the  subject.    Third  edition, 
rerised  and  enlarged,  with  illnstrations.     In  one  large  and  handsome  ootaTO  tolnmt  of 
over  700  pages,  cloth,  $5  00 ;  leather,  $6  00. 
In  preparing  this  standard  work  again  for  the  press,  the  author  has  subjected  it  to  a  Ytry 
thorough  revision.    Many  portions  have  been  rewritten,  and  much  new  matter  added,  in  order  to 
bring  it  completely  on  a  level  with  the  most  advanced  condition  of  syphilography,  but  by  careful 
oompresRion  of  the  text  of  previous  editions,  the  work  has  been  increased  by  only  sixty-four  pages. 
The  labor  thus  bestowed  upon  it,  it  is  hoped,  will  insure  for  it  a  oontinuanot  of  its  position  as  a 
complete  and  trustworthy  guide  for  the  practitioner. 


It  la  the  moat  eomplelebook  with  which  we  are  ac- 
quainted Id  the  language.  The  latest  views  of  the 
beat  anthoriti^B  are  pat  forward,  and  the  Information 
is  well  arranged — a  great  point  for  the  Rtndent,  and 
still  more  for  the  practitioner  The  subjects  of  vis- 
eeral  ayphilla,  ayphiliiio  affection**  of  the  eyep,  and 
the  treatment  of  Myphtiie  by  repeated  ioocnlations.  are 
very  fnlly  discussed. — London  Lancet,  Jan.  7,  IS71. 

Dr.  BamBtead's  work  is  already  so  nniverHally 
known  as  the  best  treatise  in  the  English  language  on 
venereal  diKeasea,  that  It  may  seem  almost  >«aper(la- 
ons  to  say  more  of  it  than  that  a  new  edition  has  heea 
Isaned.  But  the  anthor'a  industry  has  rendered  this 
tew  edition  virtnally  a  new  work,  and  so  merits  as 


riULLERIER  {A.\  and 

^        Surgeon  to  the  HdpUal  du  Midi. 


much  special  commendation  a«  if  its  predecessors  had 
not  been  pnbliahed.  As  a  thoroughly  prnctieal  book 
on  a  claaa  of  diseaaea  which  form  a  large  share  of 
nearlv  every  physieian*a  practice,  the  volume  before 
ns  la  by  far  the  best  of  which  we  have  knowledge.— 
N.  T.  Medical  Gauite,  Jan.  28,  1871. 

It  la  rare  in  the  history  of  medicine  to  And  any  one 
book  which  contains  all  that  a  practitioner  needs  to 
know ;  while  the  poaseaaor  of  "  Bamstead  on  Vene- 
real"  has  no  occasion  to  look  ontslde  of  Its  eovera  for 
anything  practical  connected  with  the  diagnosis,  hla> 
tory,  or  treatment  of  theae  affeetiona.— ^.  7.  Medical 
Journal,  March,  1871. 


nUMSTEAD  (FREEMAN  J.l 

'-^       Profenaor  of  Venereal  Dieeaitee  in  th^.  College  <tf 
PhyHeiane  and  Surgeons.  N.  T. 

AN  ATLAS  OF  VENEREAL  DISEASES.    Translated  and  Edited  by 

Frkkm AN  J.  Bum 8TKAD.     In  one  large  imperial  4to.  volume  of  328  pages,  double-columns, 
with  26  plates,  containing  about  150  figures,  beautifully  colored,  many  of  them  the  siie  of 
life;  strongly  bound  in  cloth,  $17  00 ;  also,  in  five  parts,  stout  wrappers  for  mailing,  at  $8 
per  part. 
Anticipating  a  very  large  sale  for  this  work,  it  is  offered  at  the  very  low  price  of  Thrsk  Dol- 
lars a  Part,  thus  placing  it  within  the  reach  of  all  who  are  interested  in  this  department  of  prac- 
tice.    Oentlemen  desiring  early  impressions  of  the  plates  would  do  well  to  order  it  without  delay. 
A  specimen  of  the  plates  and  text  sent  free  by  mail,  on  receipt  of  26  cents. 
We  wish  for  once  that  our  province  was  not  restrict-  |  which  for  Us  kind  Is  more  neeettitary  for  them  to  have. 


ed  to  methods  of  treatment,  that  we  might  say  mm^ 
thing  of  the  exquisite  colored  plates  In  this  volume. 
^London  Practitioner,  May.  18(t0. 

As  a  whole.  It  teaches  all  that  can  be  tanght  by 
meana  of  platea  and  print. — London  Lancet,  March 
IS,  1869. 

Superior  to  anything  of  the  kind  ever  before  Issued 
on  this  continent. — Canada  Med.  Journal,  March,  '69. 

The  practitioner  who  desires  to  onderittand  this 
branch  of  medicine  thoroughly  ahonld  obtain  thla, 
the  most  complete  and  best  work  ever  published. — 
Dominion  Med.  Journal,  May,  1869. 

Thla  is  a  work  of  master  haada  on  both  sides.  M. 
Gnllerler  is  scarcely  second  to,  we  think  we  may  truly 
say  Is  a  peer  of  the  lUnstrlona  and  renerable  Rlcord, 
while  In  thla  country  we  do  not  hesitate  to  aay  that 
Or.  Bnmstead,  as  an  authority,  ie  without  a  rlral 
Assnrlng  oar  readers  that  these  iUnstratlons  tell  the 
whole  history  of  venereal  disease,  from  Its  Inception 
to  its  end,  we  do  not  know  a  single  medical  work, 


Calif  tmia  Med.  Oaeette,  March,  1869. 

The  most  splendidly  llluatrated  work  In  the  laa- 
{uage,  and  In-  our  opinion  far  more  lueful  than  the 
?ren<;h  original  ^.im.  Joum.  Med.  Sciences,  Jan. '69. 

The  fifth  and  concluding  onmber  of  thla  magnlfleeBt 
work  has  reached  na,  and  we  have  no  hesitation  la 
saying  that  its  Illustration*  surpaaa  thoae  of  prevloua 
numbers.  — 0alr^m  Med.  and  Surg.  Journal,  Jan.  14, 
1869. 

Other  writers  besides  M.  CuUerler  have  given  ua  a 
good  account  of  the  dlaeaeea  of  which  he  treats,  but 
no  one  has  furnished  us  with  such  a  complete  series 
of  Illustrations  of  the  venereal  diseases.  There  ia. 
however,  an  additional  interest  and  valoe  poaaeased 
by  the  volume  before  ua ;  for  It  la  an  American  reprint 
and  tranalation  of  M.  Cullerler'a  work,  with  lnci> 
dental  remarks  by  one  of  the  moat  eminent  Americas 
syphllographera,  Mr.  Bumatead.  ~  i7rit.  and  For. 
Medieo-Chir.  Review,  July,  1869. 


JJTLL  (BERKELEY), 

Surgeon  to  the  Lock  Hospital,  London. 

ON  SYPHILIS  AND  LOCAL 

one  handsome  octavo  volume  :  cloth,  $3 

Bringing,  as  It  doea,  the  entire  literature  of  the  die* 
•aae  down  to  the  preaent  day,  and  giving  with  great 
ability  the  results  of  modem  research.  It  is  in  every 
respect  a  most  desirable  work,  and  one  which  should 
lad  a  place  In  the  library  of  every  surgeon. —doUi- 
ftymia  M^d.  Oaeette,  June,  1869. 

Considering  the  scope  of  the  book  and  the  careful 
attention  to  the  manifold  aspects  and  details  of  Its 
subject.  It  Is  wonderfully  concise  All  these  qualities 
reader  It  an  especially  valuable  book  to  the  beginner. 


In 


CONTAGIOUS  DISORDERS. 

25. 

to  whom  we  would  moat  earnestly  recommend  Its 
study ;  while  It  la  no  leas  uaeful  to  the  practitioner.— 
8t,  Louis  Med.  and  Surg.  Journal,  May,  1869. 

The  moat  convenient  and  ready  book  of  reference 
we  have  met  with.— ^.  J.  Med.  Record,  May  1, 1869. 

Moat  admirably  arranged  for  both  student  and  prac- 
titioner, no  other  work  on  the  subject  equals  It ;  It  ii 
more  simple,  more  easily  ntndi9d.^Buffalo Med.  and 
Surg.  Journal,  March,  1869. 


^EISSL  (H.),  M.D. 

A  COMPLETE  TREATISE  OX  VENEREAL  DISEASES.    Trans- 

lated  from  the  Second  Bnlarged  Oermnn  Edition,  by  Frbdkbic  R.  Sturgis,  M.D.    In  ont 
octavo  volomt,  with  illustrations.     (Preparing,) 


^       VAHTOMK  OF  SKIN 


DISEASES.     In   onu   liiuidBome  toL  ISfflA, 


ITT'ILmN'  f  ERA  .^ JT  US ) .  F.  R.  S, 

ON  DISEASES  OF  THE  SKIN.     Witli  Illnstratiousoii  wowL  8if 

enth  Aio*f i*io n .  frt^m  the  ffixth  »nd  •nlargiMl  English  edlUi^O      In  «n«  i^^f*  «!•*•  ntoi 
of  or*r  HO  11  pifcg'Bt  i^- 

A  SERIES   OF    PLATES   ILLUSTRATIXQ   '^WILSON   ON  BI8. 

EASES  OF  Ttll^  PKTN:'-  ooTiai«Hn|?  of  tw^nlj  bMntJftillf  «iertit*tl  |»l*t<^,  *if  vWA^- 

thtiDi  Ihc  .,.L  ...  .  ..     r  Um  cUith.  15  50. 

kUp,  th«  Text  and  Plate*,  bound  in  cme  hAudfome  vol  am*. 


ftdiliil  Jittionttl  nf  Itituwlftdgir     " 
tt  iD^^luJe-  ^itiTH^Ht  #.T<*iry  fuel  - 

■klD.— Srl*i*Aan(J  Frri'Tfi'w  .If-Ji.//  R'vum 
Unob  ft  wark  ua  thii  on  ft  bufof  •  u«  1*  a  tuont  mpltfcl 


I  mil  ' 


r>|itiihli 


h!iliUSn|{   *'lh    ST'- 


dl««AMi. — r/<nf^Minfii|i  £p<i«m1. 


ri.lr-litr    tn«    rp.f*oft«   ft"!* 


©y  ri/^  SJ^VJE  AUTHOR.  

THE  STUDEXrS  BOOK  OF  CUTANEOUS  MEDICINE  ud 

In  one  v*rj  huailiouit  r*>yftl  Urn*  irt^liimc*    13  l«* 


i^akA  ar  tbb  skiji. 


fJ-ELWAN  (J.  MOOR  El  M.D..M.R.IA. 

ATLAS  OF  CUTANEOITS  DISEASES 


In  on^}  iiriiTjLuui  cjctl 
Tolume,  with  «x4iubit«lj  colored  plat*«,  1«  ,  presi tenting  nbout  on*  bnnilfvd  rtmtiit  i 
di»e«R#.     Cloth,  $b  bH, 
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fJILLfER  {TH03tAS).  M  D., 
HAND-BOOK  OF  SKIN  DISEASES,  for  StiirkBtH  itftd  Pr^u^Utkii 

Spcond  American  Kditmti.     Id  qi3«  ror^^  (2mo*  vwlumf  ot  3AS  pp.     With  I]li 
C)nr.b,iS  35. 

4«at;   lb*  «iyie  In  eUnr  ^n  i 

toUtLor  U  gifod,  And  tbe  de^p^^ 

tile  inoi|4i«  "f  irfAlnifeiit  rnQon  ■ 

tilQvtrmU'd  with  w#tl  recurdfld  vaj^ti*,— X.E>/wiiift  J(*d.  i  IsQ^. 

J  NDERSON  {MtCALLl  M  l^.. 
ON  TriK  TRKATMKNT  OF  DISKASES  OK  TIIK  SKIX.     WiiU 

Aosl^iiiof  ElercoTlinitMDilOonMQutinCMi)*.  [nun*  vol.  (ro.  fl    \I,ii,l^  fm.'-U,, 
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MITff  [  E  aSTA  CEl  M.  j5., 
A   PRACTICAL  TREATISE  ON    THE  WASTING    ''^^ 

INFANCY  AND  CHILDHOOD.     Bev*^iid  Aajtrioon.  frfira  th*  pf^flOT. 


J 


Eoglbh  edition.     In  >>ih>i  i^n 
mod9*t  IJU#  which  iht  kulh..r 


4ftt}*    ny    i,>r     ^tnUli.       VUij    Q^jMIL   m\|,\iV  lft\l\l  >Ei«  ^%- 
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SMITH  (J.  LEWTS).  M,  D.. 

A3  Pro/eManr  of  Mnrhid  Anatomy  in  the  B*lUvu«  Hottpttat  M*A    ColUge,  N  T. 

A  COMPLETE  PRACTICAL  TREATISE  ON  THE  DISEASES  OF 

CHILDREN.    Th!rd  Edition,  revised  and  enlarged.     In  one  handsome  ooUto  Tolnme 
of  72ft  pages.    Cloth,  $5:  leather,  $«.     (l^ow  Ready.) 

The  eminent  saecess  which  this  work  has  achieved  has  en'^oaraged  the  author,  in  preparing 
this  third  edition,  to  render  it  even  more  worthy  thnn  heretofore  of  the  fnTor  of  the  profession. 
It  has  heen  thoroughly  revised,  and  very  considerable  additions  have  been  made  throughout. 
To  nccommodate  these  the  volume  has  been  printed  in  a  smaller  type,  so  as  to  prevent  any 
notab'e  increase  in  its  sire,  and  it  is  presented  in  the  hope  that  it  may  attain  the  position  of 
the  American  text  book  on  this  important  department  of  medical  science. 

Thin  work  t«iok  a  HtanU  a»  an  authority  from  Its  flrMt  '  etiillon  will  confirm  and  add  to  ito  repntntion.  navlng 
apjM-aran.v,  aiiU  every  one  luler«j«ted  in  siudvinjr  the  I  been  brought  up  to  the  pr^nent  mnrk  In  the  rapid  aU- 
dlwaMCH  of  wliich  It  trwit*  \»  deKlrouH  of  knowing  what  ;  vance  of  mttllcal  (>rience,  it  U  the  b«»>t  work  In  our 
iniprovt«ni«'nt<»  are  apparent  in  t)je  8uccei»i.|v«  ifditionB.  |  language,  on  ItM  range  of  topics,  for  the  Amerlc^  prao- 
Tho  principal  Bddil!«.ni«  to  which  we  n  f«r.  and  which  UWohbt. -^lyicific  Med.  and  Surg.  Journ.,  Fob.  1876. 
wilt  be  the  di.«tingui«liing  features  of  the  third  edition,  i  d^,  8milh's  Diseases  of  Children  Ik  rertninly  the  most 
■ro  chnptt-rK  on  dipbiliHria,  cerebro-spinal  meningitis,  \  y^luable  work  on  the  subjects  treated  that  the  practi- 
and  nithcln.  The  fnrmer  di^eane  I*  conpidennl  much  t.joner  can  provide  bimwif  with.  It  in  fully  abreast 
more  in  detail  than  formerly,  and  a  great  amount  of  '  ^|,),  every  aiivance:  it  should  be  in  the  handi»of  prao- 
very  pra«Mii-nl  information  \n  added,  and  altogether  it  Ij«  '  titioners  generally,  whiK  becau<»e  of  the  conciseueet 
one  of  the  mont  iy>mprehenf)iTe  and  one  of  the  best  writr  n„j  dearne-s  of  style  of  the  writine  of  the  auth«>r.  every 
ten  chapters  of  the  nnhject  we  hare  thutJ  far  read.  Ills  profeiisor  of  diaea>e)«  of  children,  if  he  h:ts  not  already 
de8crii»tion  of  rercbro  spinal  meningitis,  founded  alxo  done  to,  should  adopt  this  as  bis  text-book  —  Va.  Medical 
for  tlie  niojil  part  on  pertJonal  ex|K»rienee.  in  ailmirably  j^iantklf,  Feb.  1876. 
dear  and  exhaustive  ^The  MhI.  Record,  Feb.  19, 1876.  ^^  ^^j^,  ^^^^^  ^^  ^^,,  ^^„y  Taluable  wort  Is  now 

In  prcjientlng  this  de'ervedly  popular  treatise  for  the  before  us,  with  a  hundn-d  pages  of  adiiitional  matter, 
thinl  time  to  the  pmfesiiion.  Dr.  Hmith  has*  given  It  a  u„  altered  sixeof  page,  new  illu^traiions,  and  new  type, 
careful  preparation,  which  will  rtake  it  of  deci<le<l  nu-  Qf  thedi!M*akes  treatd  of  for  the  flrnt  time,  we  notice 
periority  to  either  of  the  former  editions.  The  poaitlon  rOtheln  and  cerebro-npinal  fever,  which  lately  prevailed 
of  the  author,  as^  phyHrian  and  confulunt  to  several  }„  ,^i()emic  f«»rm  in  some  part*  of  the  country.  The 
larire  children's  bo-piuls  in  .Sew  York  city,  haa  fUr-  article  U|>on  diphtheria,  containing  the  latest  develop- 
niched  him  with  •  oust  ant  occasions  to  put  hin  treatment  n,,.nta  in  the  pathology  and  treatment  of  that  dread  dia- 
to  the  te-t.  and  his  work  ban  at  once  that  practical  and  ,j^j,  which  so  lately  ravaired  our  country,  i*  peculiarly 
thoughtful  tone  which  is  a  marked  characteristic  of  the  ,  Jntereoting  to  every  practitioner.  We  glaillv  welconn 
best  pnxiuctions  of  the  American  medical  press  —Med.  .  |^j,j,  ptandari  work,  and  cheerfully  re«»mmend  it  to  our 
antl  Surtf.  Rt  port  fry  Feb.  1876.  !  reailers  as  the  best  on  this  siibject  in  the  Knglish  Ian- 

The  f.rmer  eilltions  of  this  book  have  given  It  the  '  guago.— JVoi/ui/te /ottrwa/</ Jf«d.  tt/u/ iSuri^ery,  March, 
highest  rank  among  works  of  its  class,  and  the  present  I  1876. 


(lONDIE  (D,  FRANCIS),  M.  D, 

^A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN. 

Sixth  edition,  revised  and  aagmented.     In  one  large  octavo  volume  of  nearly  800  closely* 

printed  pages,  cloth,  $5  25  ;  leather,  $A  25. 
The  present \i*dlilon,  which  is  the  sixth,  is  fully  op  I  teachers.    A*,  a  whole,  however,  the  work  is  the  besl 
to  the  lime*,  in  thedlacnHaion  of  all  lho»e  polntainlhe  I  imeriean  one  that  wehave.  and  InltwapeclaladapU- 
pathology  and  treatment  of  Infantile  dlaeaaea  which  1  tlon  to  American  praetltionera  it  certainly  has  ao 
Kave  been  brought  forward  by  the  Oermau  and  French  |  squal.  — Msio  York  Mttd.  Record,  Mareh  2.  1868. 

UTEST  (CHARLES),  M,D„ 

^  ^  Phyifician  to  the  Uo»pUal/or  Sick  Children.  *e. 

LECTURES  ON   THE   DISEASES   OP  INFANCY  AND  CHILD- 

HOOD.     Fifth  American  from  the  sixth  revised  and  enlarged  English  edition.     In  one  large 
and  handsome  octavo  volame  of  678  pages.     Cloth,  $4  50 ;  leather,  $5  50.     (Just  Issusd.) 

The  continued  demand  for  this  work  on  both  sides  of  the  Atlantic,  and  its  translation  into  Ger- 
man, French,  Italian,  Dnnish,  Dntch,  and  Russian,  show  that  it  fills  satisfactorily  a  want  exten- 
sively felt  by  the  profession.  There  is  probably  no  man  living  who  can  speak  with  the  authority 
derived  from  a  more  extended  experience  thnn  Dr.  West,  and  his  work  now  presents  the  results  of 
nearly  2000  recorded  cases,  and  600  post-mortem  examinations  selected  from  among  nearly  40,000 
oases  which  have  pnssed  under  his  care.  In  the  preparntion  of  the  present  edition  he  has  omitted 
much  that  apiieared  of  minor  importance,  in  order  to  find  room  for  the  introduction  of  ndditiona 
matter,  and  the  volame,  while  thoroughly  revised,  is  therefore  not  increased  materially  in  site. 

Of  all  the  English  writers  on  the  diaeaaes  of  ehil-  I  living  autborltieH  Id  the  dlfflcnlt  department  of  medt* 
Ires,  there  is  no  one  «o  entirely  satisfactory  to  us  as  |  eal  seienee  In  which  he  ts  most  widely  known.— 
Dr.  West.    For  years  we  have  held  his  opinion  as  |  Boaton  Med.  and  Burg.  Journal. 
Judicial,  and  have  regarded  him  as  one  of  the  highest  | 

D  T  THE  8 A  MB  A  UTHOS.    ( Lately  Ueued. ) 

ON  SOME  DISORDERS  OF  THE  NERVOUS  SYSTEM  IN  CHILD- 

HOOD;  being  the  Lumleian  Lectures  delivered  at  the  Royal  College  of  Physicians  of  Lon- 
don, in  March,  1871.     In  one  volume,  small  12mo.,  cloth,  $1  00. 


DIWIB8  ON  THE  PHYSICAL   AND  MEDICAL  TREATMENT  OF  CHILDREN.     Eleventh  edition, 
vol.  f  vo.  tf  M8  pages.    Cloth,  $2  8u 


ffHOMAS  (TGAILLARD),Sf.D., 
A  PRACTICAL  THE  ATTSE  OX  THE  DISEASES  OF  V. 

edition,  pnl urged  ^niri  tburoyghl^  r?7i«*ti.      la  on«  lirjj*  an4  h<ntil»« 
800  piigM,  with  lUI  illiifftrBtlotiJi.     Cloth,  $b  0<» ;  ifrilhet,  fft  00,      (J«i  i 
The  untbor  hae  tnkpti  rtdrntitagi^  nf  tb*  oppofttinUy  fifTrifrf^if  hj  th^  cnl!  f-r  t 
tbiA  work  li*  rcndfir  U  worlhj  ii  t^ontinitiiiicp  of  tb*  v«"^ 
rec^«iv#d,     Kvtirj  |>rjrtloti  Iias  bei^D  subje<?t»d  lo  »  ror 
ipaM  to  tniike  it  a  c^niJplete  ttL    '  '^e  most  *tlr 
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A  CLINICAL   EXPOSITION  OF   THE  MEDICAL  AND  SURC 

CAL  DISEASES  OF  WOMEX.     Infui*  biindiinm«  ai^ti^^-o  <'4>Utmii  ofab^ut  SQ^Mfvt,  « 


1A9  illuBtr&tinne. 

1)t.  E:^raeH  l«  noi  autf  h  prH^irlilli^aer  of  exc!«vpLli3Q~ 
ftllf  !»r?<>  ii>pp>>rtdQbtte>,  which  be  ttu  nji^d  wrli^hut 
)i«i  Urn*  k#pt  hhriiHAlif  tufarti)«^ti  of  wbftL  bi^f  biMii  »4M 
»i^d  tli'D«^  hj  (/ib«fA-  &iid  bfl  bH«  lb  thct  prvi^ai  rul- 
iim«    111  I,,  i.M.-iy    H^^.I    this    l£l^^^wt#lt(fa.      W»   cmq 

ei»li<^  Lftd  prHeht)oa«f.»iV,  T.  Mttt.  iUe- 


ilAi^d  wliU  w 

«1j'»il«  of  <l  ' 
b»7i>Qd    kl' 


Hbnbt  0.  Lea's  Publioationb — (Disetues  of  Women).  SS 

TTODOE  {HUOH  LX  M.D., 

•*-^  Rmerttus  Prqf^Mor  of  OhitMrieSt  *c.,  in  ths  UniversUy  of  Pennsylvania. 

ON  DISEASES  PECULIAR  TO  WOMEN;  including  DisplacementB 

of  the  Uteras.     With  original  illustratioiiB.    Second  edition,  revised  and  enlarged.     Is 
one  heaatifally  printed  octiiro  volume  of  531  pages,  oloth,  $4  50. 

9)rom  Pbop.  W.  H.  BrroRD,  o/  th*  Rush  Medical 
OolUge,  Chicago. 

The  book  bears  tbe  imprest  of  a  master  haod,  and 
mnst.  as  Us  pr<>dece8sor,  prove  aeeeptsbl*  to  the  pro- 
fession.   Iq  diseases  of  women  Dr.  HodgA  hai>»stab- 


Professor  Hodge's  work  Is  tmlj  an  original  one 
'rom  banning  to  end,  eonseqnently  no  one  ean  p<»- 
'use  its  pages  without  learning  something  new.  As  t 
contribution  to  the  study  of  women's  di*'eHH«s,  it  is  o< 
great  vHlne,  and  is  abundantly  able  to  stand  on  its 


lished  a  school  of  treatment  that  has  b4ome  world-  j  o'^"  meriU.-JT.  J.  Medical  Secard,  Sept.  16. 18«8. 
wide  in  fame. 


W! 


EST  {CHARLES).  MD. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Third  American, 

from  the  Third  London  edition.     In  one  neat  octavo  volnme  of  about  550  pages,  olotb, 

$3  75 ;  leather,  $4  75. 
As  a  writer,  Dr.  West  stands,  in  our  opinion,  st-  seeking  truth,  and  one  that  will  convinct^the  student 
«ond  only  to  Watson,  the  "  Macaulay  of  Medicine  ;*  ,  that  he  has  committed  himself  to  a  candid,  safe,  and 
he  pos>ieH8eH  that  happy  faculty  of  clothing  Instruc     valuable  guide.— 3^.  A.  M«d.-Chimrg  Review. 

tion  in  easy  garments;   combining   pleasure  witl  ;      _,    ^  ....  -         .        

profit,  he  leads  his  pupils,  in  npite  of  the  ancient  pro  .  '^^  5»7  to  say  of  it,  briefly  and  decidedly,  that  it 
verb,  along  a  royal  road  to  learning  His  work  is  one  l»  the  best  work  on  the  subject  in  any  language,  and 
which  will  not  satisfy  the  extreme  en  either  side,  bai  that  it  stamps  Dr.  West  mn  th^/actU  f>rineepe  of 
it  is  one  that  will  please  Hie  great  majority  who  arc  ,  ^'^tish  obstetric  authors.-Sd<nM»r^A  Med.  Journal. 


DIWEBS'fi  TREATISE  ON  THE  DIfiEASEB  OF  Ff 
MALES.  With  illuMrations.  Eleventh  Bditioi 
with  the  Author^s  last  improvements  and  correc 
tions.  In  one  octavo  volume  of  M6  nairet.  wlti 
platAN.  cloth.    |i.<)  no. 


A8HWELL*8  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES PECULIAR  TO  WOMEN.  Third  American, 
from  the  Third  and  revised  London  edition.  1  vol. 
Avo.,  pp.  It'iS,  cloth.    ^  HO 

MEIOS  ON  THE  NATDRB.  SIGNS,   AND  TREAT- 


CHURCHILL  ON  THE  PUERPERAL  FEVER  AND  I      MBNT  OP  CHILDBED  FEVER.     1  voL  8vo.,  pp. 
OTHER  DISEASES  PECULIAR  TO  WOMEN     1  vol.        "<<».  cloth.    $3  00. 
8vo.,  pp.  460,  cloth.    $2  dO.  | 


JTANNER  {THOMAS  H),  M,  D. 
ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     First  Amerioai) 

from  the  Second  and  Enlarged  English  Editi.a.  With  four  colored  plates  andillustrationf 
on  wood.  In  one  handsome  octavo  volamt  of  ahout  500  pages,  oloth,  $4  25. 
With  the  immense  variety  or  subjects  treated  of  I  We  recommend  obstetrical  students,  young  and 
and  thegfuund  which  they  are  made  to  cover,  the  im-  old,  to  hav«  this  volume  in  their  collections.  It  con 
posMlhillry  of  giving  an  extended  review  of  this  truly  tainsnotoni}  a  fair  statement  of  the  sigUH,  symptoms, 
refflMrkahl«*  work  must  be  apparent.  We  have  not  a  and  disease  of  pregnancy,  but  comprises  in  addition 
single  fault  to  find  with  It,  and  moMt  heartily  com-  much  inteieitting  relative  matter  that  is  not  to  be 
mend  it  to  th(>  car«>/nl  Mtudy  of  every  phyHician  who  j  found  in  ao}  other  work  that  we  caa  name. — Edin- 
would  not  only  always  be  sure  of  hU  diagnosis  of  iftur^A  Ved.Jonmal,  Jan.  1S68. 


JfHE  OBSTETRICA  L  JO  URN  A  L.     {Free  of  postage/or  1876.) 

THE   OBSTETRICAL  JOURNAL  of  Great  Britain  and  Ireland; 

Including  Midwipkrt,  and  the  Dibkasks  of  Women  and  Infants.  With  an  Americas 
Supplement,  edited  by  J.  V.  Inouam,  M.D.  A  monthly  of  about  80  octavo  pages, 
very  handsomely  printed.  Subscription,  Fivt  Dollars  per  annam.  Single  Numbers,  50 
cents  each. 

Commencing  with  April,  1873,  the  Obstetrical  Journal  consists  of  Original  Papers  by  Brit- 
ish and  Foreign  Contributors  ;  Trnnsnctions  of  the  Obstetricnl  Societies  in  England  and  abroad  ; 
Reports  of  Hospital  Practice;  Reviews  and  Bibliographical  Notices;  Articles  and  Notes,  Bdito* 
rial,  Historical,  Forensic,  and  Miscellaneous;  Selections  from  Journals;  Correspondence,  Ac. 
Collecting  together  the  vast  amount  of  material  daily  accumulating  in  this  important  and  ra- 
pidly improving  department  of  medical  science,  the  value  of  the  information  which  it  pre- 
sents to  the  subscriber  may  be  estimated  from  the  character  of  the  gentlemen  who  have  already 
promised  their  support,  including  such  names  as  thereof  Drs.  Attqill.Robbrt  Barnks,  Hbhrt 
Bhnnkt,  Thomas  Cuambbrs,  Flbbtwood  Churchill,  Matthews  Duncan,  Qrailt  Hbwitt, 
Braxton  Hickr.  Alfred  Mbadowh,  W.  Lbishman,  Albx.  Simpson,  Tylbr  Smith,  Edward  J. 
Tilt,  Spencer  Wells,  ^.  Ac.  ;  in  short,  the  representative  men  of  British  Obstetrics  and  Gynss- 
oology. 

In  order  to  render  the  Obstetrical  Journal  fully  adequate  to  the  wants  of  the  American 
profession,  each  number  contains  a  Supplement  devoted  to  the  advances  made  fn  Obstetrics  and 
Oynseeolngy  on  this  side  of  the  Atlantic.  This  portion  of  the  Journal  is  under  the  editorial 
charge  of  Dr  J.  V.  Ivor  am,  to  whom  editorial  communications,  exchanges,  books  for  re- 
view, Ac.,  may  be  addressed,  to  the  care  of  the  publisher. 

*«*  Complete  sets  from  the  beginning  can  no  longer  be  furnished,  but  subscriptions  can  com- 
mence with  January,  1870,  or  with  Vol.  IV.,  April,  1870. 


ffODGE  {HUGH  L.).  M.D.. 
THE    PIUNCrpLP^S  AND    PRACTICE   DF   OBSTETRICS.    lUn*^ 

qu&rto  totuttie  of  S&O  (Indbln-colutaDed  p&ge«*  «lr(i|]glj  bovad  vv 

Thu*  ^Ti.rti  nf  Df     tl'ii^i.   U    ^L.pii,»fSiiiJi?  ifiiifH    tSiJin    i    f.h-UHrUi«^»       l^f  llifl    ' 
tlin]  ' 

orrti 

[>»'!<  'a.eim-iI    Lu   ■ 

4b  m:  .4  with  nceiii    ■ 

iopi    .1.  tfiHI 

mi  receipt  of  tk%  <!t«iit«  is  postage  it&mpe. 
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PLAT  FA  in  t  If.  ^^.  .V,/>.  FRCP.. 

A  TUKAT18R  ON  TIIH  8CrKXc^h:  AND  inurTlCK  OF  MIPWT 

In  on**  hiindjome  ncturn  Trthime  uf  ^T0  pages.  With  IfiC  lllu^triLtiDiu  :  fitoUi^  |4 

The  tUfringuifhed  r^piitntion  ^vf  tbe  mttbdr  10  voSt^ieDt  it4i^urfttii^e  Ibiit  ibl*  volikia*  « 
vflef't  tU  o^tfdt  4»r  pf«;SKnttti^  to  tliv  prtteliiiufier  nnd  Htiid#tiL,  wkbin  a  iiiifdvtiiiA  eo«pftft», 
worth;  wurk  of  rel'erenee  ond  If-Jttbook  on  obt^tetrici  in  its  moirt  mnd«fn  fui{>#«t> 

We  c!i>ii^r«lul#i!v  Iba  prnfe^i-Uis  mihJ   Ur    TUjfoIr    lag  t>      .;..-....  1    ^        .        r     1..   ....   . 

on  ih*'  KpjHVHirntir^t  nf  ihtK  moiii  rvihtMbl*  wftrk.  W«  ibiii 
Aoit  hU  ivrnctlc^Kl  rt<i>Mnni^n4kf t»Dfl  Id  br,  on  Ihfl  rli«i  ^ 
wbul«,«>>iiqd  «ad  flmiilr:.  T}ia  wurk  Uftu^Me«1ii«ot  rftlly  n  ii->> 
use.  W«  upfd  ntiArr^if  iinf  tln^L  w«  r»euBiia#iidl  )i  lo  r^r  lti«!  jai 
pr.iioUiln'Di'irH,  r^'^cb^rn,  Mild  Atui1.t<tit«.  It  Ih  i.«cottdAr}r  ,  vttrkA  4r.< 
l»  Qu  •liijLUr  frtfiiLi<>«#  (11  tht^  UaeiiN^tf  ^  «ap«fl4^r  Id  «iji*  v(  t' 
mont^ Ed intifirffh  Mfd.  /fjiim.,  July,  187<i,  j  dt>wlog     i' 

W«  h*t*   L#?lihiniin  (od  FU¥rN*lr-t**»i  books  of    f*l!**'*^'' 
the  W.l  kliid-ftt,**  W6  mity  coujr^iDUre  thow  *liu  1  *^'  ^l^^J'^Ji.^  *'  '*^"'';  ','  '  'l^'*"' 
Uncli,  tJiuAe  wLd  pr«itljii,  i.iid  tLumft  wba  »Te  limra^  '  "'^'  '***  •'^*^''''  '"»'►  ''^^l  •  **'*' 

q^r^FiVJS  {JOSEPH  ORfFFlTHS).  MJK 
OBSTETRIC  APHORISMS  FOR  THE  USE  OF 

MENCING  MIDWIFERY  PRACTICE,     Spcnnrl  Aro^^nc^n,  fr 
London  Edtlion    wiih  Addition  a  by  E.  R.  HiiTi^m^n,  51.  t>.     Wiiti  ii  iti.trit  a  ni 
n*nl  IStqo.  valame.     Cloth.  11  25       t  Lat^ij/  h»H*4A 
•^*   Sep  p.  ;■(  of  th)i  Cjitnbi(^u*  for  tbe  terlii^i  on  wbioh  ^ 
iDbaeribtira  to  tbo  <*  AiiK[iicA.ir  JutitiNAt,  oi^  tuk  MenirAr 

ll  |p  ruMUjr  M.  CDplUt  hti]fl  (tompi^odJiQm  af  ite  Nub-     riiv^  tlj^  in  pr*fik-»r  •HRff  t' 

]»et,j|[Ml  irer«<c<»iinn4Mid  fiitiuiprH«!lt](>Dtfiin' t-i  1 
ftqrl  mrrv  It  wi(b  thpm  whett  tfdllfrd  toiitt'^ud  c.l 

Vm\f^  <>f  VttlUui,  jiait  [Ijurou^tLlr  ILjc  Ld  thtlr  oi^my-  ,    tfcij.  /(>«ir  nei/,  F«J».  X^7{j. 

A  COMPLETE  TREATISE  OiN  THE  PATFIOIiOUY  AN  I>  TREAT 

MENT  OF  CHILDBED,  for  Student*  and  PfactitUm^f*.     Tr»n*l»l«4,  with  lb*  noaMil  d 
tbe  Author,  from  \hf  Btcond  G«rtD4t]  EdUlim.  bj  Jkiim»  ^ks»  CaADvirK.  It  D      Ih  mm 
i^4j.»o  to1uii3«       Clnib,  $4  00.     (A^aifJ  /iW^f  > 
The  sijbj«ciU  tr^iiUi^d  of  in  tbi»  volume,  while  of  pfunftry  liitporliiiie*  Id  ili«  priM't  tt^ttrr, 
fn<rfi  »*  b»v»  heretofore  not  reed  red,  in  lyitematio  treMi**^^  tbrf^  dttnlind  iiti»nti 
de«ertre      Ocoupyiti^,  ni  tbo  work  doew,  n  middle  gniitud  b«liff»«»n  uli*l#lHr<  nnd 
i*  Wliei'^d  tb.it  it  will  Itll  iiti  n<?knoif1frd|r<fd  wniit  in  medioi'il  Mt**ffitqTf .  whil-*  tH*  * 
wbkb  h  bwa  in*f|air*d  ftbnind  »nd  tbe  tvinnle  drt.tlla  of  trr^r 
anco  ihni  it  wt(|  be  eDti(tidf<red  here^,  as  If*  Oennafiy,  a  bu 

Tpfirenfle,     Tbe  ftddittons  fufni/«hed  bj  the  Author  to  the  1.  - .    -  -  ...    .,  . 

witb  th«  eiLuting  §U%U  of  idienoe. 

W»-  f.t^l  .[nfrr  *i,r>  thnt  rt,,.  pr.f. n-ton  nf  tbU  «<ifintrt 
*",*     '  .     .^1  work  ft  w:*itifti 

Ti. 


offer vd  ««  •  pit^laa  li 


-«»T 


fiEArV 


I  prt^Titi 


■  *t>p4»lr   *  winit   nrtffiriif   fniiU    «>► 


^    ■libii.l..  r^l 


Xbii  iForli  iff««  «T\lV3«m  u  1^«  matikMffi  V&\«  ««  \«.  >J&fe\ 


Henrt  C.  Lia'8  Publioationb— (ifuliof/dry). 
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TEISHM AN  (WILLIAM),  M.D., 

Rrgiu9  Proffunr  of  Midwif«ry  in  Vm  Uniwr»Uy  of  Oitutgow,  *c. 

A  SYSTEM  OF  MIDWIFERY,  INCLUDING  THE  DISEASES  OF 

PREGNANCY  AND  THE  PUERPERAL  STATE.  Second  American,  from  the  Second 
and  Revised  Eogliih  Edition,  with  additions  by  Joii*^  8.  Pakry,  M.D.,  Obatetricinn  to  the 
Philadelphia  Hospital,  Ao.  In  one  large  and  Terj  handsomt  octavo  Tolume  of  over  700 
pages,  with  about  two  hundred  illustrations  :  cloth,  $6  ;  leather,  $ft.     {Now  Ready  ) 

Bat  the  mo^t  valuable  addltfons  to  the  volume  are 
thiMte  made  by  the  American  editor.  One  of  the  \n»i  tents 
xA  a  msnV  Ability  jm  for  him  to  take  a  ittandnrd  work  in 
our  prtifensiuii  like  thi«  of  Dr.  Lei>*hmHU,  and  materially 
Improvv  it.  Mnny  a  one,  with  more  ambition  than  wLC- 
dom.  halt  atleuipted  it  with  other  bookn  and  failed.  But 
Dr.  I'arry  hA.<«  nueceeded  most  admirably.  We  know  no 
obfltetrii-al  work  thai  ha«  anything  bettnr  on  the  ui>e  of 
tbc  fonvp<4  tbau  that  which  Dr.  I'arry  ha^  (riven  in  thin, 
and  DO  work  th.it  has  the  rational  nnd  intelligent  Tiews 
upon  lartntitm  with  which  he  has  enriched  thin.  IlarlnK 
UH«1  '*I/«'ii>hman"  for  two  yean*  a*  a  textbook  fiir  ^lu- 
deuu,  W4!  crin  i*(>rdialiy  commend  it,  and  arequite  mtii>fled 
to  continue  such  ui*e  now. — Am.PractUiotur^  Mar.  1876. 

Thiit  new  edition  decidedly  oonflrms  the  opinion  which 
we  ex|>reMMNl  of  the  timt  edition  of  the  work,  in  the  .May, 
1^74,  numlM'r  of  this  Journal,  that  thlK  is  *'the  b(.>st 
modern  work  on  the  subject  in  the  KuKliffb  languaKC.'* 
The  excellent  practical  notes  contributed  by  Dr.  Harry 
refer  principal  It  to  the  use  of  the  forceps,  lactation,  and 
the  puerperal  diiiea.«es,  and  are  intended  to  increase  the 
unefulni^s  of  the  work  in  thin  country.  An  entirety  new 
chapter  ou  diphtheria  of  puerperal  wounds  has  been 
added  (Dr.  I*,  has  had  unusual  experience  in  this  form 
of  puer^K'ral  fever),  and  also  a  number  of  illustrations 
of  the  principal  oltKttttrical  inctrumentii  in  use  in  Ame- 
rica.  We  have  no  hexitation  In  saying  that  the  work,  in 


its  present  nhape.  Is  a  great  improvement  on  its  prede> 
ce^sor,  and  in  recommending  It  as  the  one obotttrical 
text-book  which  we  nbould  adTise  erery  English  rpea^ 
ing  practitioner  and  student  to  buy  —American  Jour- 
nal of  Obitr tries,  Feb.  1870. 

Perhaps  the  moj«t  uwful  one  the  ntudeot  can  procure. 
Some  important  a«ltiition»  have  licen  made  by  the  editor, 
in  order  to  a<lapi  the  work  to  the  profe<i((i(in  in  thin  coun- 
try, and  some  new  tlluKtrationn  have  been  introduced, 
to  represent  the  olMtetrical  instruments  generally  em- 
ployed in  American  practice.  In  itji  prencut  form,  it  ts 
an  exceedingly  valuahle  liook  for  both  the  8tudent  and 
practitioner— iV'rte  York  Med.  Jtiurnat,  Jan.  187tt. 

In  about  two  years  after  the  iimue  of  thi'«  excellent 
treative  a  second  edition  has  been  called  for.  We  regard 
the  treatine  as  thoroughly  round  and  practical,  and  one 
which  may  with  confidence  be  conf  ult(>d  in  any  emer- 
gency.—TA«  London  Lancet,  Dec  11,  lfc70. 

The  appearance  of  a  second  edition  of  this  System  is 
the  fulfilment  of  the  prophecy  which  we  made  in  a 
former  review,  that  the  book  was  det<tined  to  **  betrome  a 
favorite."  The  addition*  by  Dr.  Parry  are  unually  not 
abundant,  but  certain  places  which  are  pointed  out  as 
the  weak  part  of  Dr.  I/ei«hman's  handicraft  havn  been 
greatly  strengthened  by  abundant  and  very  Judicious 
addenda.— i*Ai7«<.  Med.  Ttmet,  Dec  26, 1876. 


R 


AMSBOTHAM  (FRANCIS  H.),  M,D, 

THE  PRINCIPLES   AND    PRACTICE   OF   OBSTETRIC  MEDI- 

CINE  AND  SURGERT,  in  reference  to  the  Proeeee  of  Parturition.  A  new  and  enlarged 
edition,  thoroughly  revised  by  the  author.  With  additions  by  W.  V.  Rbatino,  M.D., 
Professor  of  Obstetrics,  Ao.,  in  the  Jefferson  Medical  College,  Philadelphia.  In  one  large 
and  handsome  imperial  octavo  volume  of  050  pages,  strongly  bound  in  leather,  with  raised 
bands  \  with  sixty-four  beautiful  plates,  and  numerous  wood-oats  in  the  text,  containing  is 
all  nearly  200  large  and  beautiful  figures.     $7  00. 


naURCHILL  (FLEETWOOD),  M.D.,  MR,  LA. 

ON  THE  THEORY  AND  PRACTICE  OF  MIDWIFERY.    A  new 

American  from  the  fourth  revised  and  enlarged  London  edition.  With  notes  and  addition! 
by  D.  Fbamcis  Condib,  M.  D.,  author  of  a  "Practical  Treatise  on  the  Diseases  of  Chil- 
dren," Ae.  With  one  hundred  and  ninety- four  illustrations.  In  one  very  handsome  octavo 
volume  of  nearly  700  largb  pages.     Cloth,  $4  00 ;  leather,  $6  00. 


pARRY  (JOHN  S.),  M.D., 

Ohntfirician  to  the  Philadelphia  Htuipital,  Viee-Prut.  of  the  O^ntet  8  *eifty  nf  Philadelphia. 

EXTRAUTERINE    PREGNANCY:    ITS   CLINICAL    HISTORY, 

DIAQxVOSIS,   PROGNOSIS,  AND   TREATMENT.     In  one  handsome  ocUvo  volume. 
Cloth,  %:k  50.     {Now  Bsady.) 

It  i.o  with  (r«'nuineiiati«fhctlon,therof«>r(*.  that  we  read  out  of  aomething  rcry  like  chaos. — Philadelphia  M^. 
tlie  work  tM>f»re  w,  which  is  far  in  advance  of  any  mo-  Timu,  Feb.  19,  1^76. 
nograph  upon  the  nutject  in  the  Knglixh  lauguagn,  and 
exf«<^ling  vt-ry  nHich,  iu  the  numlwr  of  cvmi  upon 
whi<'h  it  is  bn-^od,  we  bf  lieve,  any  work  »( the  kind  evor 
pnbliDbeti.  Thi*  author  hiifi  given  great  rare  and  ^tmly 
to  the  work,  and  hai*  handled  bin  ftatiMirs  with  judg- 
ment: no  that,  whateT«>r  waA  to  be  gained  fTom  them, 
be  ban  gMin«^l  and  added  to  our  knowli^lxe  ou  ihe  nuI^ 
jwt.  Wo  nwi'  the  Hulhor  much  for  giviuif  ui»  a  clear, 
readnbl*'  Ihdk  uk'U  thin  topic,  lie  has.  m>  far  a<«  it  i.« 
at  preMfiit  |)Of).'4ible,  removed  tho  obi^urity  nttendiug 
ocrtaiu  iKjint«4  of  the  auluect.    He  hai»  brought  order 


In  this  work  Dr.  Parry  has  added  a  most  valusble 
contribution  to  obstetric  literature,  and  one  wbi<>h  meets 
a  want  long  felt  by  thnoe  of  the  profe.<«si4)n  who  have 
ever  boon  called  U|H)n  to  deal  with  this  c1a<s  of  cai«es. — 
B(»tfni  Med.  nnd  Surg.  Journ..  March  9,  187 ti. 

Thin  work.  bi>ing  a^  near  as  powible  a  co' lection  of  th 
experienc(;.<<  of  many  iterxrais,  will  alTonl  a  mont  us^efu 
guiile,  iMitn  in  diAgno^lA  and  treatment,  for  this  nio^t 
interesting  and  fHial  niulady.  We  think  it  Kh(Mild  be  hi 
the  handNot  all  physicians  practicing  midwifery.— Ci»- 
einnati  Clinic,  Feb.  6,  1870. 


MONTGOMERY'S  EXPOSITION  i)?  THB  BI0N8  R  UBT'b  8T8TBM  Of  MIDWIFBRT.  With  Notes 
4ND  8YMi>T0.MS  or  PKBGNAICT.  With  two  And  AddUioaal  lUustratiuaa.  Second  Amerieaa 
•xquiaite  colored  platen,  and  numeroUM  wood  eats.  ■  edition.  One  rolome  octavo,  eloth.  422  page*, 
la  I  wol.  tf  vo. ,  of  nearly  (fOO  pp  ,  cloth    $3  75.  $  *  60 


m: 


HsNaT  0,  LMA^B  pTJBLIOATTOlfft— (Sw|^«ry/- 


fyROSS  {SAMUEL  B.),  M.D,, 

^-*  Proftator  o/  Surgery  in  th*  /ftptrwon  MtAieal  OoUeffmif/  J 

A  SYSTEM  OF  SURGERY:   Pathological,  Diagnostie, 

and  Opemti^e,     Uliutratpd  bj  ufTwardj  of  Foortwti  Hundred  Emgrsviaft.     9Wk  < 

c&r<ffuU^  r«i^iD«d,  ftad  improrvd.    In  two  Urge  and  beauLifulH  uniitf^d  im^rtal  i 

uiEi«0  Qi  febuut  2^i|ja  pAges,  etroDgl;  boutid  in  leather,  wHb  rr.  1 1  &<    (/mm  Simai.} 

Ifhe  continued  favor,  abctwa  bj  the  exhAUition  of  BUcceefliTe  likr^  nf  thU  f^itl  lust, 

pruveft.  thnt  it  has  erticeeFftfuLHj  su|ipUed  a  wamt  ffilt  by  Am^rkiui  pMi^ruLii  ^1* 

preBtt^nL  reviricn)  uo  paiinit  b*?*  been  apia^red  by  tbe  &utbor  to  bring  it  ir.  .  m 

bb«  dA^'     To  etfeet  tbif  b  Large  |rart  ot  the  irork  bai  been  rFTrritt«n,  ni 

aearlj  one  founb,  nolwitbstiiDdmg  vbkh  the  price  ha«  btren  k«pt  ai  > 

rale*     By  tbe  aae  of  a  eloi*,  though  rery  legible  type,  ao  u^ui^uiiily  I  .  ^ 

I  eoDd«iiBed  in  its  p&^es,  tbe  two  iroluiti«ir  ootttHLtning  Jif  much  mm  fonr  ai   fii^e  ^^ilU 

I  IThUj^  combined  vitb  the  moat  cnrei'ul  laecbankul  exeoution^  and  tip  rerjdti,r»ble  btnciiog.  i 

It  tme  ijl  the  ohea[je,Ht  work*  aj:ce«eible  to  tbe  prore**ioii.     Bv^rj  iul^ecl  properly  K«l«>iig«t»g  I4  llW 
I  dutnaln  of  «urgery  ir  treated  in  detail,  bo  tbiit  tbe  jtudtut  wbl^  pQtffti««i  ttua  work  IHA^  bt  taki  U 
kav^e  in  it  a  Burgica]!  librarj. 

Wtt  bi&vefiDiv  LirtuglU  4iur  tMJ^k  to  a  t%itit\tifUtb^  And  ,  '*  Pfimm  int**^  fVm.^    Tl  b  IpKmtp^t,  m^ 

h^VK  *v»i>ai  tuwd  A  work  *iib  tJhu  i^rnini*^  Tula&  of  I  ibiiiH<*«i|.  t^m-****,  Kfi<j  4»KlFftn-i1»«'      ^v  jjsgfc 

wt)kb  Hti  IjiiTu  lit;tn  uiyriHiTjjprfiM'i'iJf.     Kverj  cbaptvt  l»  '    1'  ■  " 
»i>  i.'r4uii>*J)  |int  Lu^fiiliir  limi  UiB  i*iniy  |iriiAijiLluii4fr, 

jv^uitvi>.    llln  voikj  ou  Ihti  fuiniai.^ .  '  '  '     : 

lli*i  Bur[^iT>'  uf  lUv  ^oild  I'l'luB  fiHl>  I 
Tlie  **irk.  In  l«*-t,  Ik  mi  lli.]ii^U>t  MliJ]>  li":; 


lyrgt.  OB' 

«tjl>  «tit^lit:Ui  «Ji  to  ri'()ulirt!  rt- 1 

may  liiiMf  lu  u?i?.— iJn^/n.  Jm^jm.'/  .iji^rr..^. .  ^.h^m  1.,  iif>*. 
t>r.  UruhdV  iSiir^t'i'^.H  groot  mnrlit  1^m«  Uimuii?  ttlll 

gru'fiiUr,  1itiL  L.ii  i.lxt  liii.t  iiif-nt,  Im  It-  lihtI  nctiit  ri*r!ii. 


lb«<r  wiih  thL<  jdttr«llDUFf  iiru  Itnpruireiui'ut* — LttnUr  I 

a  tirit-i'Mi'K  MJ'I  vrnrli  of  rt^ftr^^oiu.    W  «  il  i 
ealyou  ol  Uiu«.>>  "Piiruer^,'  ftUJ  eoufitui  i         . 


hti  wfTfii  u  like  I 


oiifiE  t*r  mrilal  tftMi«;f 


^r  Ti/^*  SdME  AUTHOR. 

A    PRACTICAL   TREATISE    ON  THE    IH    :  *— ^     - '- 

ftud  Mullormationd  of  the  Urinftrj  ill(idd&r,  the  Pfo«tMe  < 

Edition,  tbt>M>ugblj  KetUed  nnd  Condm^cd,  by  iijiwirn.    .,     ,,,.....    .,i  1..  .  .  uir'    ; 

the  rhikadelphia  ilonpUnh     in  mm  bnudvomt  ^etavo  volutne  oT  574  pa£««,  wllk  1*0  tils 
trutKm&H  elotb,  |4  6D*     {^'vta  li^Uy  } 

Tbe  editor  hft«  availed  himtetf  of  tbo  opporiuiiitj  afforded  by  tba  eatl  for  ,,,0  of  Uni  I 

work  to  tboroufbiy  revise  and  render  it  io  every  resrpt?ct  wufthy  n(  iii^  jMKitk.  ctdari  «»-  ^ 

tbofity,  lieiiig  in  great  piirt  reMfitteii,  tbtf  fipportutiitj  biu  b?«ti  titkeit  tu  i  >jiJE>Li;e;  a  aj  ■«§! 
(»  poiitiblet  j^o  tbiLt  It  wilt  be  found  reduced  iit  tU^^  while  yet  ^ctUtJtitiing  tl]«  lAieil  rievi  00  i|» 
Ettfcy^ti  di*cUtaed. 

A   PRACTICAL   TREATISE   ON    FOREIGN    BODIBS  lH   THll 

AiK-FAbhAOlsb.     Ib  1  vol.  «vo.,  witb  ilJuiirfttiuni ,  pp.  458,  o|«U«  $1  ?•- 


CLINICAL  LKUTURKS  0.\  SUHUERY,     Delltered  ot  the  Ho&piul  I 

of  La  Cbftritd.     Transtuted  froin  ihe  French  by  L^witi  A.  Stiunotf,  UD„  t^uf^MOi  l«  I' 
Pf««byiernin  IJofjjital,  l^ew  Vork.     With  iilu..trati«^us.     iP$ti^t*Atn^ $>$  iiu  Mm^tmi  " 
and  ht,/ruff/or  JSJiftJ 

I*iaf  f ,  St  hoicAi  tH0iUMu  09  V^-i  1 11-,?.  Li^iuni..  |  I*4*t  IV.  Tiacbatr  |*.f  m 

It.  FkAtuLMta  ur  xm  LiHbfr— Ife  Lf*iiiurt.«,  V.  UmnAXMA  orT>i 

IIL  TWAiaitiirlMT»iTj*Ai!j\iiiiiM,iji^-4Let'tiir('*     |  V|>  |**ii.nitio»,  At 

IlwiM  between  from  thi^  brief  nbplrn^t  of  fbisiionjeiilj  Ibnttbe**  T 
lire  of  dflily  inl*r«*t  to  tbe  pracUtioncr,  wbile  mium  uf  Umm  hnr  i 
flUeutioti  which  tbeif  importaupe  deter ven,     Tbe  very  dltUnuulih 
the  pfittdtcal  inanner  in  wbic^b  he  Uve  hiindlvd  the  ti»piei  before  him  pi> 
Ihii  work  VfiVl  be  n\  uvevy  nyw^  *iiVv»U^uvT^  \ii  kX\*  i^btflriberi  oC  li»« 
ft  «  A  ri  r  "  an  d  111  at  VI  'w  v\\  \\i  11  tt  **i4«*  <lt V\im;\  u vim  x^W  ^i,\wis  ^nA*x  "oV  \:?t4%  x  *  i  > 
^hkh  have  OBCtvyVed  V\ie  l-V^iftfj  \i«iV*U\tiieTiiV  is\V\i% ^^'^it^ii;^  ^^i;\fe^^2^*\*A'^*^iiivivv'^^*\" 
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\^SHHURST  {JOHN,  Jr.),  M.D,, 

Surgeon  to  tfu  BpUenpal  Hotpital,  Philadelphia. 

THE   PRINCIPLES   AND   PRACTICE  OP   SURGERY.     In  one 

Tery  lam  and  handsome  octaro  Tolame  of  aboat  1000  pages,  with  nearly  550  illastrationi, 
cloth,  $6  50;  leather,  raised  bands,  $7  50.     {Lately  PnbUshed,) 


Its  author  has  sTldently  tented  the  wrltingw  and 
experiencen  of  the  past  aud  prevent  in  the  crucible 
of  a  carefal.  analytic,  and  honorable  mind,  and  faith- 
fall  y  eadeaTored  to  bring  his  work  up  to  the  level  of 
the  highest  standard  of  praetloal  surgery.  He  is 
frank  and  deflolte,  aod  glres  us  opinions,  and  gene- 
rally sound  ones,  instead  of  a  merer^tfutn^  of  the 
opinions  of  others  He  IsoonserTatlve,  but  not  hide- 
bound by  aathorlty.  His  style  is  clear,  elegant,  and 
ceholarly.  The  wcrk  is  anadmlrable  text-book, and 
a  mseful  book  of  reference     It  is  a  credit  to  American 


professional  literature,  and  one  of  the  first  ripe  fruits 
9f  the  soil  fertillied  by  the  blood  of  our  late  unhappy 
w%r.—N.  T.  M«d.  Record,  Feb.  I,  1872. 

It  giTee  us  great  pleasure  to  call  the  attention  of  the 
profession  to  this  excellent  work  Oor  knowledge  of 
its  talented  and  accomplished  author  led  us  to  expect 
from  him  a  Tery  Talniible  treatiiie  upon  subjects  to 
which  he  has  repeatedly  given  evidence  of  having  pro- 
fltablv  devoted  much  time  and  labor,  aod  we  are  In  a« 
way  ditappointed.- PAi/a.  Mtd.  Timu,  Feb.  1, 1871. 


JJOLMES  (TIMOTHY).  M,D., 

Surfffon  to  St.  GenrgtCn  Hotpital,  London. 

SURGERY,  ITS  PRINCIPLES  AND  PRACTICE.  In  one  hand- 
some octavo  volume  of  nearly  1000  pages,  with  411  illustrations.  Cloth,  $0;  leather,  $7. 
(Now  Ready.) 

Wefbelleve  it  to  be  by  farthebest  surgical  text-book 
(hat  we  have,  insomuch  as  it  is  the  complete^t,  and 
theone.most  thoroughly  brought  up  to  the  koowledge 
of  the  prei»ent  day.  All  who  will  give  thin  book  the 
careful  perusal  ttiat  it  deoerveh  aud  requires,  whe- 
ther student  qr  practiituaer,  will  agree  with  us,  that, 
from  the  bappj  waj  la  which  justice  Is  done,  both  to 
the  prisclples  and  practice  of  surgery,  from  the  care 
with  which  its  pages  are  brought  up  to  modern  date, 
from  the  rc»pect  which  U  paid  all  aloog  to  the  opin- 
ions of  othem,  it  deberves  to  take  the  first  plaee 
among  the  texibooks  on  surgery. »  fir<li#A  Med. 
Joum,,  Dec.  J46,  1S75. 

This  is  a  work  which  has  been  looked  for  on  both 
iiide«  of  the  Atlantic  with  much  interest.  Mr.  Holmes 
is  a  surgeon  ot  large  and  varied  experience,  aod  one 
of  the  b««Ht  known,  and  perhaps  the  mor>t  biilliant 
writer  upon  surgical  subjects  in  England.  It  is  a 
book  for  students — and  an  admirable  one— and  for 


the  busv  general  practitioner.  It  will  give  a  student 
all  the  knowledge  needed  to  pa>4«  a  rigid  examina- 
tion. The  book  ntlrly  juNtifles  the  high  expectailons 
that  were  formed  of  it.  Its  style  Is  clear  aod  forcible, 
even  brilliant  at  times,  and  the  eonciseneitii  needed 
to  bring  It  within  its  proper  limits  has  not  impaired 
its  force  and  di«tlnetness.— Jf.  J.  Med.  Record  April 
14,  1870.  *^ 

It  will  be  found  a  most  excellent  epitome  sf  sur- 
gery by  the  general  prMCliiioner  who  ban  noi  the  time 
to  give  attentioo  to  more  minute  and  extended  works, 
and  to  the  medical  Mtudeot.  In  fact,  we  know  of  no 
one  we  cao  more  cordial  y  recommend.  The  author 
has  succeeded  well  io  giving  a  plain  and  pr<tciical 
ftAoount  of  each  norglcal  injury  and  diseaiie,  and  of 
the  treatment  which  is  most  commonly  advUnble. 
It  will  no  doubt  become  a  popular  work  in  the  pro- 
fOKHlon,  and  especially  as  a  text-book.— CfncJnnaM 
Med.  New,  April,  1806. 


THE  PRINCIPLES  AND  PRACTICE  OF  SURGERY. 
By  Wji.LiA.*!  PiaaiK,  F.R  S  K  ,  Professor  of  Surgery 
in  the  Unlvemity  of  Aberdeen.  Edited  by  Job5 
KaiLL,  M.D.,  ProfoMsor  of  Surgery  in  the  Penna 


Medical  College,  Surgeon  to  the  Pennsylvania  Hos- 
pital, fte.  In  one  very  handsome  octavo  rolame  of 
780  pages,  with  316  illuetrations,  cloth,  #3  7J. 


S' 


^ARGENT  {F.  W.),M.D, 

ON  BANDAGING  AND   OTHER  OPERATIONS  OP  MINOR 

SU  RGhEBY .    New  edition,  with  an  additional  chapter  on  Military  Surgery.    One  hmndf  ome 
royal  12mo.  voliuiie,  of  nearly  400  paget,  with  184  wood-evts.    Cloth,  $1  7ft. 


ffAMILTON  (FRANK  K),  M.D., 

^■^  Profeeeor  of  n-acturte  and  Dteiocatione,  Sc.,  in  BeUevue  Hoep.  Med.  OoOege,  New  York. 

A  PRACTICAL  TREATISE   ON  FRACTURES  AND   DISLOCA- 
TIONS.   Fifth  edition,  revised  and  improved.    In  one  large  and  handsome  octavo  volame 
of  nearly  800  pages,  with  344  illastrations.     Cloth,  $5  75 ;  leather,  $0  76.     {Notr  Ready.) 
This  work  U  well  known,  abroad  as  well  as  at  home,  u  the  highest  authority  on  its  important 
•abject — an  authority  recognised  in  the  courts  as  well  as  in  the  schools  and  in  practice — and 
again  mnntfested,  not  only  by  the  demand  for  a  fifth  edition,  but  by  orningementa  now  in  pro- 
gress for  the  speedy  appearance  of  a  translation  in  Qermany.     The  repeated  revinions  whitsh  the 
author  has  thus  had  the  opportunity  of  making  have  enabled  him  to  give  the  most  carefal  consid- 
eration to  every  portion  of  the  volume,  and  he  has  seduloasly  endeavored  in  the  present  issue, 
to  perfect  the  work  by  the  aid  of  his  own  enlarged  experience  and  to  incorporate  in  it  whatever 
of  value  has  been  added  in  this  department  since  the  issue  of  the  fourth  edition.     It  will  there- 
fore be  fuuod  considerably  improved  in  matter,  while  the  most  careful  attention  has  been  paid 
to  the  typographioal  execution,  and  the  volume  is  presented  to  the  profession  in  the  confident 
hope  tbut  it  will  more  than  maintain  its  very  distinguished  reputation. 


There  itt  no  better  work  on  the  su^lect  in  exist«>nce 
tliau  that  of  Dr.  Hamilton,  it  should  b«  in  the  pomea 
•i'jo  of  every  K^ueral  practitioner  aud  surgeon.— JAr 
Am.  Jount.  of  OUUtrics,  Feb.  1870. 

The  value  ot  a  work  like  this  to  the  practical  physi- 
oiaa  and  surgeon  can  hardly  he  over>esUmated.  and  the 
necessity  ol  having  such  a  book  rerised  to  the  latest 
dat4M,  iM>t  mer<  ly  <>n  ac  ouutof  the  practical  imporunoe 


of  its  teachings,  but  also  by  reason  of  the  medico  legal 
bearings  of  the  cauvs  of  which  it  treats,  and  wbtcli  have 
recently  be«n  the  sul^ect  of  UJ>eful  papers  by  Dr  liHmil> 
ton  and  others,  in  suMciently  obrlous  to  every  one.  The 
present  volume  seems  to  amply  fill  all  the  requifitea. 
We  can  safely  recommend  it  an  the  best  of  its  kind  in 
the  English  language,  and  not  excelled  in  any  oUier«-- 
Joum,  qfNtneui  and  Mental  Disease,  Jan.  1870. 


aiH&Y  C.  h%A*B  PvUld^iLtlOMti — {i^vyiir%ff. 


I  f?Rt€B8EN  (JO EN  E.), 

^^         THE  SCIENCE  AND  ART  OF  SURGERY;  beioir  a  Tnatiseon  gcr^ 

^^H  «ntii.rg«!d  Englifh  Edition.     Illustrated  bj  ofer  iet^eo  hund/^  :  zt  —w*«tL    U 

^^^1  twA  turge  And  bisiLutiffil  octnfD  Tc^lumei  of  over  174^0'  psf««T  cl<>>t^^  §>-'  ^^9  ;  l«aAlt«r»  IttH 

^^^L  Arthur* »  Pff/ftrv  to  tk*  Nf<tp  Amtrirfvn  Edition, 

^^^^^^^•1)11  no  ff^riner  r^l  itmti  r>f  thif  work  hue  tbv  nuthnr  1>^r.o wt^d  m*>f*<  paln»  ta  T'-  ^}^k^  atA 

loTifly  revbed,  and  n  large  nnmibcr  cf  ntwilluitrAtierkt  hAvr  httn  intr«>diio*d  in  *^d LiLit  U Qi 
ED«t«rinl  tchtUftddcd  to  tbe  Bnglii^h  edttinii|  (Itr  4Uihor  hj**  fttmipbpd  fear  iH«  Atn*>rti:t«»  »ik4«  fft//^ 
mat«rtJiJ  Mia  biM  HC'^uiiiilliMed  iitnue  thv  pHi^xngf!  I  '  ■^  ^  ♦  tte 

the  work  n*  uovf  presenturi  to  the  Am«n«n»  pr^ 

The  incrense  in  the  pUe  fjf  the  wcfrk  hiis  *«tf!Li 
mneii.     Grmitenre  ktva  bpen  ejc^reUed  iti  iU  tjpu^ajjIikaJ  e^pcucion,  OlHoI  it   l 
tented  «^  in  vvety  reeiprrt  wcirihj  1ft  tiinintjiin  tjie  high  repaUllon  whlcti  hut  rtr 
ard  aaiburity  on  tbip  depuiTtment  at  roedtcfil  EFciencfl. 

TbcHf)  Mr«  uitlj  M  f€iW  «>r  the  [»T!Dtt«  Id   wTikeb  ihit    Htat«P 
preAetit  f*iJ.Lt)oii  iif  '^ir    K^TChsj^flii'H  w^rk  hijr}94i'*eM  ttei    porH 


1 


'  iu  *pf^1i4jf;  tb«    pM»ilUK 


«tlt>! 
tilr 


ertilit  on  th*  >t  i 
of  bl- work      W. 

b -^.i-.'   11- 

ftlly 

tm^u... 5...,.-.. 

Oouf^iiicle^riLbtv  <riiiijt|«M  tic  V.  iatliLiedl-    ^ar  ' 

Hod.  Ruit  Df'arly  a  liLiEittrtJ^i  .^tlonji  bBT«i  i  atn  1^ 

bMjiaddpd,    [l  bdlfflcamn  a  (-m.ui  cnikpaiiii  tn  point     prmeiiiLuiu«r  —i 
aat  tbfl  liUurmttuiih  mad  a,ddiliua*;  fdr,  sla  ibe  jiatbor  1 


n  hi*  prafftr*,  th« JP  mtm  not  CM«i«*d  t»»A|  m» 

till'     .ir«    i-l  larf  I  hiili-^1     i.'i<rj  ar^f  I  f     ^*i*  —  i^^   fi^ 

Mtf 


•4t» 


*«  Wflflf,  <^Bii*T'*fe,  ftt   t!H> 


'/j^. 


dKBY-S  OFKRATITE  SUROfiKT.  In  1  foL  Ito, 
elutli,  k>f  o¥«T  tt60  pAf««  i  vitk  Abimt  lOa  vnK^d-oDti. 

COOPER  E  LECTtJRBS  OJf  THE  PKJW0IPLE8  AltO  , 
FlAtTiCKOP  dCRiiiiir.  Inl  tn\.  Sto  atatb,  7«y»p.  $%, 

CJl»8oa  a  IHSTITDTES  AUD  PSACTICI  OF  SUl^ 
rtiTRT  ELiclitli  wdhb-mJcnproTiinl  M,iid  »U»r*d  W(rb 
thlrty-fiiir  jilmifh,     lb  two  b>,iidi>:oiD#  i^c'mTu  toU 

PRINCIPLES  O*  l^UKOliBV.     B/  J  ami?  UtiLLts,  M,t) , 


1m 

J;. 

t,. 

I' 

Tin 

I 
la 


elolh,  |3  7A. 


Utifll   MDfIjAI'V   *V4*M»« 


TJRUITT  [ROBERT).  M.H.aK^ire, 

THE  PRINCIPLES  AND  PRACTICE  OF  MODERN  ST 

A  Oisw  ftndremed  AmencjuiT  from  the  eigbtb  etilftf^^d  «nd  impruvvd  Ltunlin  »■ 
tru-ted  trllb  four  bandred  Jind  thirl  J  two  wtiod  .  In  one' 

t<^luine,  of  menrlj  TUO  Urge  and  closely  print*.  1  h,  |4  ftO ; 

41J  tliai  ihar  »uril''«i  ttudeui  ur  pmctltiuDer  enjald     ^  -      -'-  •"' 

itctre, — i>fit^m  ^unrtirrip  /owmai. 

It  U  A  moiit  «diji1f«^al«  b^ok.  Ws  do  not  know 
irbitti  We  b»v<<  rcAju.iiied  vtit  wltb  Bi»rf  pleuarti.^ 
SvwivH  Mf4,  and  Sarp.  JffUtnuL 

t«  Mt  Pntin'i  boi^ihk,  lhnnj$bvf>BUl|9liivottlr  tacBA  . 
4er«n  bfnndted  pK|r«<t»  botb   ;:bt  prVat]tple»  rniil  tUe| 


(■4  »arelCL«(.— ^«u  /<irai 


^SHTON  (T.  J,) 
ON  TlIK    T^ 


T/  i  ^rs; 


TXJFKIES,  AND  >f  ^  ^  i^riTiXf  i 

THE  Kr  wiEb  renuirkami  Hubituu?  1 

frotn  th--  ^       i,i»ndi)ii  ftditiiis.      Witb  ban^i 

bMutilull/  |n-tiii«d  ooL*vo  wluae  of  nbout  lOD  p%£«f ,  («luili,  $3  %h^ 


TtriVC    QP 


nWELO  W  [HEXHYJX  M.  IK 
ON  TDE    MECHANISM   OF    DTSLOCATlux    ASU    J 

OF  THE  HIP      With  tbe  R»da«Uon  of  tbe  Di^lfK?iitt6n  hf  lb«  Fl«Klori 
nuiiaeroiit  orifitml  lUuitrntftiDi.      Id  ficift  r^ry  b*iidflVBi«  o«|«fo  toltttiM'^ 

I A  WSON  {GEOHGEl  F.  B.  C,  S..  En^fL 
INJUIUES  OP  TUB  KYK,  OKIUT,  AND  1  >S:  tbelr  Imnw- 

diHle  find  Reiiiot4  Eir«ct«,      Willi  nbotil  oa«  iitodf«d  Itlattratioof^     Im 
It  U  Aft  ivdm\ffc\i\e  vTiws^^vV\»oUV»>.>k%'^H^»\»^*^'^»»^**«A»  ti\>ftak  ^jvwm^,    trw^ftm 


^mmgUnai  fmm. 
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DRYANT  (THOMAS),  F,R,C.S., 

■^  SurgMn  to  Ouy*s  Horpital. 

THE   PRACTICE   OF   SURGERY.     With  over  Five  Hundred  En- 

graviniri  on  Wood.     In  one  large  and  Tery  handsome  octavo  Tolnme  of  nearly  lUOO  pages, 
elotb,  $6  35 ;  leather,  raised  bands,  $7  25.     {Lateiy  Pubiisked.) 


Again,  the  anthor  glTe«  a«  bis  own  practice,  his 
own  bclielfi,  and  illoittratea  by  hl»  own  ca»es,  or  thoite 
tremCed  in  Gay's  Hospital.  This  feature  adda  Joint 
•mpha»ttt,  and  a  solidity  to  bis  statements  tbat  inspire 
o»»Bfldence.  One  feels  himself  almost  by  the  side  of 
tb«  sargeon,  seeing  his  work  and  bearing  bis  liring 
words.    The  riews,  etc  ,  of  other  surgeons  are  con- 


sidered calmly  and  ftirly,  but  Mr.  Bryant's  are 
adopted.  Thus  the  work  is  not  a  compilation  of 
other  writings;  it  is  not  an  encyclopedia,  but  the 
plain  statements,  on  practical  pointo,  of  a  man  who 
has  lived  and  breathed  and  had  his  being  in  the 
richest  surgical  experience.— Detroit  Review  <j/  Mmi. 
and  Pharmacy t  August,  1873. 


riARTER  {R.  BRUDENELLl  F.R.CS., 

v-/  Ophtnaltnie  Surgeon  tu  8i.  Qtorge  »  fffj^pitai,  tte. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  EYE.    Edit- 

ed,  with  test-types  and  Additions,  by  John  Grubn,  M.D.   (of  St.  Louis,  Mo.)-     In  one 

handsome  octavo  volume  of  about  500  pages,  and  124  illustrations.     Cloth,  $3  75.     {Just 

lietidy.) 

Dr.  Green,  whose  reputation  and  experience  in  this  department  are  well  known,  has  given  this 

work  a  very  careful  revision,  and  has  introduced  much  matter  which  will  be  found  of  importunce 

to  the  practitioner.     As  his  system  of  test-types  is  the  one  recommended  by  the  author,  they 

have  been  inserted  in  the  volume  in  a  shape  which  will  admit  of  their  being  detached  and 

mounted  for  convenient  office  use. 

These  test-iypes,  on  a  sheet  for  mounting,  can  be  had  separate,  price  25  cents. 
It  would  be  ditficult  tor  Mr.  Carter  to  write  an  unin-  iu  view,  and  prefents  the  subject  Id  a  clear  and  concise 
•trucUve  book,  and  impossible  for  him  to  write  an  uo- 1  mauner,  eany  of  comprehension,  and  bonce  the  mope 
interesting  one.  UTeo  ou  Kul'jet'ts  with  which  he  is  not ;  valuable.  We  would  especially  commend.  howcT«fr,  as 
bound  to  be  tamillar,  he  can  di»coun>e  with  a  rare  degree  }  worttiy  of  high  praise,  the  manner  in  which  tiie  thera- 
of  clearness  and  effect.  Our  readers  will  therefore  not  I  peutics  of  dUease  of  the  e>e  is  elaborated,  for  here  the 
be  surpri!*ed  to  learn  tbat  a  work  by  him  on  the  Di8ea^es  |  author  in  particularly  clear  and  praciloal,  where  other 
of  the  Kye  makes  a  very  valuable  addition  to  ophthal-  i  writers  are  unfortunately  too  often  detteient.  The  final 
mie  literature.  .  .  .  The  book  will  remain  one  useful  i  chapter  is  devoted  to  a  di.«cus>iou  of  the  uses  and  selee- 
«llke  to  the  general  and  the  special  practitioner.  Not  :  tioti  of  S}>ectacles,  and  is  admirably  compact,  plain,  and 
tjia  least  Tuluabie  result  which  we  expect  from  it  is  that  '  U8«ful,  especially  the  paragraphs  ou  the  treatment  of 
it  will  to  some  counderable  ttxtent  despecislize  this  bril- 1  presbyopia  an<l  myopia.  In  conclusion,  our  thanks  are 
iiant  department  of  medicine. — Loiuion  Luticctj  Oct.  30,  '  due  the  author  f«>r  many  Ui>eful  hints  iu  the  great  sub- 
1875.  !  ject  of  ophthalmic  surgery  ami  therapeutics,  a  field 

It  is  with  great  pleasure  that  we  can  endorse  the  work  I  *!»«'^«  f  '»^  y*^"  ^«  f '»?"  ^?^  \^^\  KJ**""  fj*"*!? 
as  a  most  valuable  w.ulribuUon  to  practical  ophthal-  ''^^'^i/^™  *  °**»  °^  chaff.— iVew  1  orA  AUdtcal  Record, 
mology.    Mr.  Carter  never  deviates  Irom  the  end  he  has  I  ^*-  ^'  ^**'  ^• 

aZELLS  {J.  SOELBERO)' 

•  '  Prifftitattr  o/  Ophthalmology  in  King's  College  Hwfpital,  Ae. 

A  TREATISE  ON  DISEASES  OF  THE  EYE.     Second  American, 

from  the  Third  and  Revised  Loudon  Edition,  with  additions;  illustrated  with  numeroas 
engravings  on  wood,  and  six  colored  plates      Together  with  selections  from  the  Test-types 
ot  Jaeger  and  Snellen.     In  one  large  and  very  handsome  octavo  volume  of  nearly  800 
pages;  cloth,  $5  00;  leather,  $6  00.     {lately  Published,) 
The  continued  deuiiind  for  this  work,  both  in  England  and  this  coantry,  is  sufficient  evidence 
Uiat  the  author  biu  succeeded  in  his  effort  to  supply  within  a  reanonable  compass  a  full  practical 
digest  of  ophthalmology  in  its  most  modern  aspects,  while  the  call  for  repeated  editions  has  en- 
abled him  in  his  revisions  to  muinuiin  its  position  abreast  of  the  most  recent  investigations  and 
improvements.     In  again  reprinting  it,  every  effort  has  been  made  to  adapt  it  thoroughly  to  the 
wants  of  the  Americim  pnictitioner.     Such  additions  as  seemed  desirable  have  been  introduced 
by  the  editor,  l>r.  1.  Minis  lluyii,  and  the  number  of  illutitrations  has  been  largely  increased.    The 
importance  of  test-types  as  an  aid  to  diagnosis  is  so  universally  acknowledged  at  the  present  day 
that  it  seemed  essential  to  the  completeness  of  the  work  that  they  should  be  added,  and  as  the 
Aiithor  recommends  the  use  of  those  both  of  Jaeger  and  of  Snellen  for  different  purposes,  selec- 
tions have  been  made  from  each,  so  that  the  practitioner  may  have  at  command  all  the  assist* 
Sknee  necessary.     Although  enlarged  by  one  hundred  pages,  it  has  been  retained  at  the  former 
very  moderate  price,  rendering  it  one  of  the  cheapest  volumes  before  the  profession. 
A  few  notices  of  the  previous  edition  are  subjoined. 

On  ezamioiug  it  carefally,  one  is  not  at  all  sur-  lucid  and  flowing,  tht^rein  differing  materially  from 
prised  that  It  sliould  meet  with  universal  favor.  It  i  someof  the  translations  of  Continental  writers  on  this 
is,  in  fact,  a  colJlplebeu^iveaad  thoroughly  piactieal  |  subjeota  thai  are  tn  the  market.  Special  pains  are 
tseatise  ou  di^easei«  ufihe  eye,  settiug  lorth  theprac-  ,  ttiken  to  explaih,at  length,  those  subjects  which  are 


tice  of  the  leading  oculists  of  Kurope  and  America, 
andgiviugthe  autbor'sowu  opinions  snd  preferences, 
which  are  quite  decided  and  worthy  of  high  cunsid- 
i^ration.  The  third  English  edition,  from  which  this 
ia  taken,  haviug  been  revised  by  the  author,  com- 
prises a  notice  of  all  the  more  recent  advances  made 
in  ophthalmic  science.    The  style  of  the  writer  is 


pariicutarly  ditficult  of  comprehension  to  the  begin- 
ner, a»  the  use  of  the  ophthalmoscope,  the  interpre- 
tation of  its  Imagee,  etc.  The  book  is  profntiely  and 
abjy  iUuttrated,  and  at  the  end  are  to  be  fonnd  Vi 
excellent  colored  ophthalmoscopic  figures,  which  are 
copies  of  some  of  the  plates  of  Liebreich's  admirable 
atian.— favurcw  City  Med.  Journ.,  June,  1874. 


r  A  DRENCE  (JOHN  Z.),  F,  R,  C.  5., 

Editor  of  the  Ophthalmic  RevUmo^  itc. 

A  HANDY-BOOK  OF   OPHTHALMIC   SURGERY,  for  the  use  of 

Practitioners.     Second  Edition,  revised  and  enlarged.     With  namerons  illustrations.     In 
one  very  handsome  octavo  volume,  cloth,  $2  75. 


HlBfaT  C.  IilA'S  PUBMOATIOKS— ( 


rpHOMPSON  {SIR  BENE  F ) . 

LECTITRES  ON  DISEASES  OF  THE  URiXAK V  OROAKS- 

illustration  a  on  w«}od.     Second  Amf^rbiin  Crom  tb^  TbirU  £iketUb  XdttlM*    Is  i 

&CUTU  Tnlttto«.     Clothj  $2  26,      iJutt  iMtntd.l 
My  iiim  hrvs  bften  to  prodnc*  in  the  mniiUesI  poptible  coni|>iMi'  nn  #|jit"«Kf  of  pr«*ti«I  tiyi* 
«4g«  f^fPtiuerning  the  tiature  juid  trei>tiaem  of  the  di*(?**ea  whirl*  futm  th«  # object  i.r  iht  •*!! 
and  1  venture  to  b&lievn  thiil  my  lot^niirtt*  hai  been  iii<^re  fully  r««yfted  tn  tbi*  ?«!««« t^i«  I 
either  of  Ha  pri;deo<siorB^^Att(ADr*#  Fr^aet. 


ON  THE  PATnOLOGT  AND  TREATMENT  OF  STRlCTrREOF 

THE  tTRETHUA  AND  URINARY  FISTULA.     With  plates  nad  iif>.>d^»iu,     Prvaibi 
third  and  rtvisfd  EngUflh  ftditloa.    In  une  irery  handaouiB  uoii4*o  Totum*.  rl*i4t|" 
i  Ltttiiif  Fidlt^hfd^) 
^T  THE  a  J  ME  AUTHOR,     {/nH  Ifimcd.}   ~ 

THE  DISEASES   OF   THE  PROSTATE,  THKIR    rATHOf.nfJt 

AND  TREATMENT.     Fourth  Edition,  Il*v1*e^d.     In  on*  verj  biind«uai»  ucu 
355  pftgeii^  With  lhirti»ea  platfjr,  pUia  atid  oolnred*  itnd  illuBtratiuus  on  w  uoi 


mAYLOn  {ALFRED  8.),  M.D., 

A  LAistunron  MmI.  Juriap^  and  ftktmt^irp  In  Ou)/'€  Mt^pUaf 

MEDICAL  JURISPRUDENCE,    Seventh  AmericEO  Ed itldn.    Mi 

by  JoHir  Jh   REise,  M.D..  Prcf   of  Med.  Jori*p.  in  the  Uaiv.  ©f  PeBii.     tn  «»•  l«  , 
actavo  voiurae  of  uearlj  9(ifl  pagw.     Cloth,  |&  00;  leather,  |ft  00.      {L^t^w  /*««mJ  k 

In  prepttritig  for  Ibe  press  thii!  uventh  Amerbttn  edition  of  tho  '*  M«EiUftl  of  Mo-ii.  *!  Jurkr^v- 
dence"  the  editor  hm,  tbrtmgh  ibe  courtesy  of  Dr.  Taylor^  enjc^yed  Uie  ftry  -  L4^  *rf 

ooti^ultitig  the  fheeta  t^f  tht  oetr  e-dilion  t*f  the  autbor'i  larger  work,  **  Tbo  Pr.  i  I'ra*- 

tiee  of  Mediciil  jHn^prudene«j^''  which  ia  now  ready  for  publieaUitri  in  LotiJoo.  Ihi-  ti  if  pnabM 
him  to  intr«)diice  tb^  author's  Intcsl  riefra  upon  tb«  topio  db^us*rd,  which  ar«  b«)iarrd  lo  Wf4| 
the  work  foMy  up  Ui,  the  pretsetit  time. 

The  niHtffi  of  the  furmer  ediior,  Of,  BarUborne,  Jia  ftbo  the  minifrcioa  valuable  reUf^iie^^ 
American  prnrtice  and  deoiiFiutia  by  hie  »acoe«iiori  Mt.  Peuroae.  h^tr  ^irrn  frtititTMl.  wfb  I 
slight  ifJLf^eptioi]!  ;  th«>  will  be  foand  inelo^ed  in  tiraokaU,  di^i ' 
(FJ.     The  nddition?  roii^de  bj^  the  preaoEit  editor,  from  tb«  m^i 
about  (^ne  hundred  pugeet;  jind  his  own  uMef  are  dB#|goaUd  bj  ...i-  .t^...^.  , ...  . 

8«ver«l  eubj«i?t?,  not  treated  of  in  tbe  (oriuer  edit  ion*  bftT«  b«flu  riotiL^e^  lo  the  pr«»»nt  < 
and  the  work,  it  i^  hoped,  will  he  fuutid  to  merit  a  ooatiAuauee  (>f  the  eonfidebqa  wiii«b  f4^b« 
long  enjoyfcd  us  %  Ptandjird  naibortty. 

or  iw£  8AM K  AtrnwR- 
THE  PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JUIUSPRI 

&INCE.     ^ceond  Editivn,  Revived,  with  numeroiu  JUttitrftiiooa.     1a  iwii  %mt^  i 

Tolunes,  elolb,  f  10  00^  leutber,  $12  m 
fbiPgren-t  work  U  mm  reoogniied  in  Gngtnnd  lU  the  fnll*it  ind  mott  antboriUiK*  Irwalllil 
i^flF^fJ  depiirtment  of  iU  impurtani  Bi^ubjcct.     In  laying  it^  in  iii  naprotrd  A^rm,  b^ftur*  ib»  / 
«ftD  proi'e«iioti4  the  publbber  truatft  that  it  wUl  a:tfuma  tkm  a«ift9  |H^aitictQ  la  ilua  eo«DUl 


B' 


THE  SAMR  AUTHOR.    {Hew  E*umn—JMH  /«jiii«il| 


POISONS  IN  RELATION  TO  MEDICAL  JURISPRtTOENrE  AX 

H  ED  It  INK.     Third  Atfiiiriu:L(;,  from  tbo  Ttiird  (ind  Tl«ti4ed  KagUab  l^iUt^i^     Im 
likfgt  ui?tavo  volutna  of  8^0  [Kigi;s  \  tHiitb,  $5  50  ;   l^jtlb^r,  §&  hVi. 
Tbia  work.  wbifiH  biia  been  an  long  reoogniied  aa  a  leading  auiboritj  on  ila  &B[ 
baa  received  «  very  thoraugb  rvviitun  at  th«  baudi  of  the  author,  and  mtty  be  rrf«r4»4 
new  h^ak  rather  thun  h.%  a  mere  reviflDQ.     lie  htm  tougbt  tu  htitig  It  on  all  polau  t«  ■ 
Wllb  Ui^  i  aeience  of  the  day  i  mo^oy  portion j  have  been  rewritteti,   mucb  tbul  ««■ 

miaof  r  Jin^  b^en  omittad,  ii»d  every  tUun  made  to  ooijd*Q*#  a  cumpUU  *l«w  af 

iabjeet  y.  lituiLa  of  a  tingle  vuUdi«^     iJr.  iixy)af$  pOHition  00  ua   expert 

him  Inloconneetion  with  nenrly  &^i  importaDlflnJBe»  in  Knglaod  fur  m&ny  yenr*      lU  Uij 
fritb  an  iiulhority  H»JiE  few  other  living  tneto  pojutesi,  mhiiv  hia  iutiuinte  lle^«LaltlliUl«« 
lilefature  of  tjAiioalogy  tin  both  ^id^  ^i  the  Attaallo.  raoderi  bb  w»rli  mi^mAlj  mIj 
Ui^tr'liotik  in  tbu  ijountry  aa  to  \ltm\X  Britain,  » 

T-.  ^  ■    ,,        -.         -    -,..  -..    ,     .  ,  .  .  ,        , 

II   i- 


mm^ 


Of  »a,  ft*  U  r.nuiij*  III  urn  mftH^rlal  himI  U  Wi^rked  u 
the  latiMt  vuiwt  ur  ^i«  hutUuf  «■  qxvf^>M«d  in  the 


ID  (<o 


ib«  ttoet  a«ltMlle«  m  nill  «i 


HsNRT  C.  Lsa'8  Pubuoations — (Psychological  Medicine^  Ac).      31 
q^UKE  (DANIEL  HACK),  M,D., 

•*  Joint  author  of  *'  The  Mantial  of  Pitychnlogieal  Medteinej**  Ae. 

ILLUSTRATIONS  OF  THE  INFLUENCE  OF  THE  MIND  UPON 

THE  BODY  IN  HEALTH  AND  DISEASE.  Designed  to  illusiraie  the  Action  of  tb« 
Imagination.  In  one  handsome  octavo  volume  of  416  pages,  olotb,  $3  25.  {Just  Issued.) 
The  object  of  the  aathor  in  this  work  has  been  to  show  not  only  the  effect  of  the  mind  in  oaas- 
Ing  and  intensifying  di<?ease,  but  also  its  curative  influence,  and  the  use  which  may  be  made  of 
the  imngination  and  the  emotions  as  thernpeutic  agents.  Scattered  facts  bearing  upon  this  sub- 
ject have  long  been  familiar  to  the  profession,  but  no  attempt  has  hitherto  been  made  tooolleot 
and  systematize  them  so  as  to  render  them  available  to  the  practitioner,  by  establishing  the  seve- 
ral phenomena  upon  a  scientific  basis.  In  the  endeavor  thus  to  convert  to  the  use  of  legitimate 
medicine  the  means  which  have  been  employed  so  successfully  in  many  systems  of  quackery,  the 
author  has  produced  a  work  of  the  highest  freshness  and  interest  as  well  as  of  permanent  value. 


DLANDFORD  (O.  FIELDING),  M.  Z>.,  F.  R.  C  P., 

X^  LMtut^r  on  Psychological  Medicine  (U  the  School  of  Hi.  George's  Hospital,  Sc. 

INSANITY  AND  ITS  TREATMENT:  Lectures  on  the  Treatment, 

Medical  and  Legal,  of  Insane  Patients.     With  a  Summary  of  the  Laws  in  force  in  the 
United  States  on  the  Confinement  of  the  Insane.     By  Isaac  Rat,  M.  D.     In  one  yery 
handsome  octavo  volume  of  471  pages;  oloth,  $3  35. 
This  volume  is  presented  to  meet  the  want,  so  frequently  expressed,  of  a  comprehensive  trea- 
tise, in  moderate  compass,  on  the  pathology,  diagnosis,  and  treatment  of  insanity.   To  render  it  of 
more  value  to  the  practitioner  in  this  country.  Dr.  Ray  has  added  an  appendix  which  affords  in- 
formation, not  elsewhere  to  be  found  in  so  accessible  a  form,  to  physicians  who  may  at  any  moment 
be  called  upon  to  take  action  in  relation  to  patients. 

It  satisfleA  a  want  which  mast  have  beea  sorely  ,  aetaally  seea  In  praotioe  and  the  appropriate  treal* 


felt  by  the  busy  general  praciltionerv  of  this  country, 
it  takes  the  form  of  a  manual  of  clinical  doMrlptlon 
of  the  varlons  forms  of  insanity,  with  a  description 
of  the  mode  of  examining  persons  suspected  of  in- 
sanity. We  call  particular  attention  to  thU  feature 
of  the  book,  at  giving  It  a  nniqne  value  to  the  gene> 
ral  practitioner.  If  we  pass  from  theoretical  conside- 
rations to  descriptions  of  the  varieties  of  Insanity  as 


meat  for  them,  we  find  In  Dr.  Biandford'a  wurk  a 
considerable  advance  over  previous  writings  on  the 
subject.  His  pictures  of  the  various  forms  of  mental 
disease  are  so  clear  and  good  that  no  reader  can  fkil 
to  be  struck  with  their  superiority  to  those  given  la 
'>rdinary  manuals  in  the  English  language  or  (so  far 
as  onr  own  reading  extends)  in  any  other.^Loncfoii 
Practitioner,  Feb.  1871. 


W: 


INSLOW  (FORBES),  M.D.,  D.C.L.,^c. 

ON  OBSCURE  DISEASES  OF  THE  BRAIN  AND  DISORDERS 

OF  THE  MIND;  their  incipient  Symptoms,  Pathology,  Diagnosis,  Treatment,  and  Pro- 
phylaxis. Second  American,  from  the  third  and  revised  Engliah  edition.  In  one  handsome 
octavo  volume  of  nearly  600  pages,  oloth,  $4  35. 


fEA  (HENRY  C). 

^SUPERSTITION    AND    FORCE:    ESSAYS    ON    THE    WAGER  OF 

LAW,  THE  WAQSR  OF  BATTLE,  THE  ORDEAL,  AND  TORTURE.     Second  Edition, 

Enlarged.     In  one  handsome  volume  royal  I2mo.  of  nearly  600  pages;  oloth,  $2  76t 

{Lately  Pubhslisd.) 

We  know  of  nu  («ingle  work  which  contains,  In  so  i  interesting  phases  of  human  society  and  progress.  .  . 

small  a  compass,  so  much  illustraiiveof  theiitrauge»t  j  The  fulueas  and  breadth  with  which  he  has  carried 

operatlonn  of  the  human  mlod.     Foot-notes  giv«  ihe  ,  out  his  cumpartitlve  survey  of  this  repulsive  field  of 

authority  for  eacb  statement,  showing  vast  resesreh  '  history  [Torture],  are  such  ah  to  preclude  onr  doing 

and  wonderful  ludnntry.    We  advise  onr  e*mfrtrm  I  Justice  to  the  work  within  onr  present  limits.     But 


to  read  this  book  aud  ponder  its  teachings. — Chicago 
Med.  Journal,  Aug.  1870. 

As  a  work  of  oarions  iaqnlry  on  certain  ontlylng 
points  of  obsolete  law,  **tiuperstltion  and  Force"  is 
one  of  the  most  remarkable  books  we  have  met  with. 
'^London  Athenaum,  Nov.  3,  1866. 

He  has  thrown  a  great  deal  of  light  upon  what  must 
Iw  regarded  as  one  of  the  most  instructive  as  well  as 


here,  ai«  throughout  the  volume,  there  will  be  found 
a  wealth  of  illustration  and  a  critical  grasp  of  the 
philosophical  import  of  facts  which  will  render  Ml. 
Lea's  labors  of  sterling  vnlue  to  the  historical  stu- 
dent.—iromion  Saturday  Review,  Oct.  8,  1870. 

As  a  book  of  ready  reference  on  the  subject,  it  is  of 
the  highest  value.— IFe#<m<«Mter  Review,  Oct.  1S67. 


DI  THE  SAMB  AUTHOR,    {hate  y  PwblUhsd,) 

^  STUDIES  IN  CHURCH  HISTORY— THE  RISE  OF  THE  TEM- 

PORAL  POWER— BENEFIT  OF  CLERGY— EXCOMMUNICATION.  In  one  large  royal 
I2mo.  volume  of  516  pp.  eloth,  $2  76. 
The  story  was  never  told  more  calmly  or  with 

P eater  learning  or  wiser  thought.  We  doubt.  Indeed, 
any  other  study  of  this  field  can  be  compared  with 
this  for  clearness,  accuracy,  and  power.  —  O'Afca^o 
Kxaminer,  Dec.  1870. 

Mr.  Lea'H  latest  work,  "Studies In Chnrch  History," 
fully  sastaius  the  promise  of  (he  first.    It  duals  with 


literary  phenomenon  that  the  head  of  one  of  the  flrst 
American  houses  is  also  the  writer  of  some  of  its  moat 
original  books.— London  Athencsum,  Jan.  7,  1871. 

Mr.  Lea  has  done  great  honor  to  himself  and  this 
Gonntry  by  the  admirable  works  he  has  written  oa 
eeclesiologicaland  cognate  subjects.  We  have  already 
had  occasion  to  commend   his  "Superstition    and 


three  sul'jects— the  Temporal  Power,  Benefit  of '  Force"  and  his  "  History  of  Sacerdotal  Celibaoy.' 
.Clergy,  and  Kxcommunication,  the  record  of  which  I  The  present  volume  is  fully  as  admirable  in  Its  me- 
has  a  peculiar  imporunce  for  the  English  student,  and  |  thodof  dealing  with  topics  and  in  the  tboroughnes*^ 
Is  a  chapter  on  Ancient  Law  likely  to  be  regarded  as  I  aqnality  so  frequently  lacking  in  American  authors— 
final.  We  cao  hardly  pass  from  onr  mention  of  such  I  with  which  they  are  investigated.—^.  Y.  Joumalaf 
works  as  these— with  which  that  on  "Sacerdotal !  Psychol.  Medicine,  July,  1870. 
Celibacy"  should  be  included — without  noting  the  i 


I'34    Carpenter  pW.  B, 

C2S8     Principles  of  human 

Am, ed.   physiology.   3SB1 
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